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ADF Amsterdam Density Functional FT-MS Fourier Transfonn Mass Spectrometry NCE New Chemical Entitiy 
ADM Agar Dilution Method FTIR Fourier Transfonn Infrared NGO Non-Gubemamental Organization 
ADR Antlmlcroblal Drug Resistance GABA Gamma Amino Butyric Acid, neurotransmitter NI Nosocomlal Infections 
AGM Agar Gradient Method GC-MS Gas Chromatography coupled to Mass Spectrometry NIH US National Institute of Health 
AMM Accurate Molecular Mass GEN Gentamlcln NME New Molecular Entltly 
aP Porin Transport Proteins GMMx Growth Medium Mixture x NPDD Natural Products Drug Discovery 
AT-NPs Alkaloldal Type Natural Products GW Global Wanning NPs Natural Prducts 
ATCC American Type Cell Culture 1H-NMR Proton Nuclear Magnetic Resonance OD Optical Density 
ATPase Adenine Tri phosphate hydrolase H-UVG Herbarlum, Del Valle of Guatemala University OFT Open Field Test 
BBB Blod Brain Barrier HAE-Bh Hydroalcohollc Extract of Bourrer/a huanna PAINs Pan-assay Interference compounds 
BCMO-UVG Biochemistry and Microbiology Dept. at Del HAI Hospital Acquired Infections PBP Penlclllln Binding Proteins 

Valle of Guatemala University 
Bh Bourrerla huanlta (Esqulsuchll) HMDB Human Metabolome Data Base PBS Phosphate Buffer Saline 
BHA Butylhydroxyanisol , food additive HNVFs Harmonic Nuclear Vibrational Frequencies PERA Non Gubemamental Organization Regional 

Projects for Empowerment through Education 

BHI Brain Hearth Infusion Broth HOMO Highest Occupied Molecular Orbitals pHBA p-hydroxybenzolc acid 
BHT Butylhydroxytoluene, food additive HPAlk Medium-to-High Polarity Alkaloids PIMs Previously ldentfied Metabolites 
BSAC The British Society for Antimicrobial HPLC High Resolution Mass Spectrometry PMF Putative Molecular Formula 

Chemotherapy 
CA Carbonic Anhydrase HR-MS High Resolution Mass Spectrometry PNCEs Potential new chemical entitles 
CADs Commercially Available Drugs 1AM lnhibitoy avoidance test R+Di Research, Developmet and Innovation 
CAI Community-associated Infections IC50 Agent's concentration that Inhibits 50% of the target's activity ABE Resistant Bacteria Era 
CARD Comprehensive Antibiotic Resistance Database ICGB International Cooperative biodiversity Group RCSB-PDB Protein Data Bank 
CASE Computationally-assisted structure elucidation IFABP lntestlnal Fatty Acid Binding Protein RTDH Rule of Three for Drug Hits Classlflcatlon 
CDC Center for Disease Control (US) INBio Costa Rican National Institute of Biodiversity SA Staphylococcus aureus 
CFU Colony Forming Units lpH Internal pH SARs Structure Actllty Relationships 
CICY Herbarium , Unit of Natural Resources, Kl inhibition constant scPDB sc Protein Data Bank 

Scientific Center of Yucatan 
CID Collision Induced Dissociation L-DOPA Levodopa or L-3,4-dihydroyphenylalanine, a neurotransmitter SCs Structural Candidates 
CLSI Clinical and Laboratory Standards Institute LC-MS Liquid Chromatography Coupled to Mass Spectrometry SOBS Spectral database for organic compounds. 
CD-ADD Community for Open Antimicrobial Drug LC50 Agent concentration that kills 50% of the population sos Sodium Dodecyl Sulfate 

Discovery 
CD-ADD Community for Open Antimicrobial Drug LCD Liquid Chromatography Coupled to Quadrupole Mass Spectrometry SE Staphylococcus epldermldls 

Discovery 
CSFI Corozal Sustainable Future Initiative LPS Lypopolysaccarides SEDs Super-electron-donors 
Da Dysphanla ambrosloldes (Apazote) LRDL Uplnsky's rules for drug leads TO-OFT Tlme Dependent Density Functional Theory 
DA Diels Alder LUMO Lowest Unoccupied Molecular Orbitals TIC Total Ion Chromatogram 
DBE Double Bond Equivalent MAC Minimal Active Concentration TRF Tropical Rain Forest 
OFT Density Functional Theory MBC Mlnlmal Bactericide Concentration TST Tail Suspension Test 
DMSO Dimethyl Sulfoxlde MOR- Multi Drug Resistant- UNE United Nations Environmental Project 
DNA Deoxyribonucleic acid MeCI, Dlchloromethane USAID US Agency for International Development 
DPQD Dlpyrrolylquinoxaline MeOH Methanol UV-vis Ultraviolet and visible 
ED Enzymatic Degradation MF Molecular Formula VAN Vancomycin 
ED Essential Oil MIC Minimal Inhibitory Concentration WHO World Health Organization 
ED-Da Essential Oil of Dysphan/s smbros/o/des MLST Multi locus Sequence Typing WHO World Health Organization 
EPM Elevated Plus Maze MM Molecular Mass XIC Extracted Ion Chromatogram 
ERA Antlmlcroblal Resistance Era MM Molecular Mass 
ESI Electrospray Ionization MRSA Methiclllin Resistant Staphylococcus sureus 
Et-Ac Ethyl Acetate MASA-USA-300 Methlclllln Resistant Staphylococcus aureus, strain USA300 
EtOH Ethanol MS Mass Spectrometry 
EUCAST European Committee on Antlmlcroblal MSIMS Rrst Fragmentation In Mass Spectrometry 

Susceptibility Testing 
FAO Food and Agriculture Organization of the United MSSA Methlclllln Susceptible Staphylococcus aureus 

Nations 
FDA US Food and Drug Administration MT Mutated Target 
FICI Fractional Inhibitory Concentration Index MTT Multi Target Therapies 



Abstract 

Background: The 'resistance bacteria era' is intrinsically related to the hospital 

acquired infections (HAI). The most frequent HAI causal agent in the USA is 

multidrug resistant Staphylococcus aureus MRSA, a priority of the Center for Disease 

Control for development for development of new drug treatments. A HAI key treatment 

is the oto and nephrotoxic aminoglycosides. One strategy is to enhance the antibiotic 

activity of antibiotics by combination with NPs, e.g., amoxicillin and the 

beta-lactamase inhibitor clavulanate. 

Solutions for this urgent worldwide need can derive from bioprospecting species, 

specially from biodiversity rich countries e.g., the Guatemalan rainforests. 

Bioprospecting studies are envisioned under a business framework that are economic, 

social and eco-sustainable in the long term. 

Microbiological Activity: The enhancement of the bactericidal activity of 

commercially available aminoglycosides (GEN, VAN) by polar extracts from three 

Guatemalan rain forest plants were evaluated: the cosmetic oil producer palm Attalea 

cohune (Ac and fraction Acllk), the Catholic relic Bourreria huanita (Bh), and the 

food spice Dysphania ambrosioides (Da). The antibiotics' minimal bactericidal 

concentration (MBC) against MRSA-USA-300 was reduced to 1/16MBCc£N at 9.9 

Acl lk mg/mL (synergistic effects), and to 1/2MBCvAN at 94 Acl lk mg/mL (additive 

effects), and to 1/4MBCcEN at 136 mg/mL ethanolic extract of Bh. The 

Da-ascaridol-less leaves' extracts enhanced the growth of Erwinia carotovora (reduced 

the doubling time from 17 min to 12.5 min), hinting out that they may be potentially 

useful for the probiotics' industry. 

Composition analysis: With an emphasis in natural products dereplication by 

chemoinformatics tools, the experimental data gathered (HR-MS, FTIR, 1H-NMR 

spectroscopies) and the computational-assisted structure elucidation scheme were 
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applied to derive the proposed structure of a new chemical entity probably present in 

Acl lk sample, Corozine A: a non-basic alkaloid with several putative ring types: (Z)-

4-ethyl- l ,2,6,7-tetrahydro-6,9-(methanoazenometheno )pyrrolo[2, l-d] [ l ,5]oxazonine. 

Two additional potential targets related to sugars metabolism were found with ligand 

similarity search engines. 

Corozine A and the other extracts studied are of interest for further research to 

improve its commercial exploitation. The vision of new commercial products derived 

from A. cohune would require a pilot project that re-engineers the extraction of fatty 

acids, essential oil, and alkaloids from the same raw material. 

Keywords: natural products, antimicrobial adjuvants, antibiotic activity, 

microdilution method, agar dilution method, antibiotic gradient concentration method, 

fractional inhibibitory concentration index, FICI, gentamicin, vancomycin, probiotics, 

bioprospecting, botanical extracts, alkaloids, 1H-NMR spectroscopy, proton nuclear 

magnetic resonance, Fourier transform infrared spectroscopy, FTIR, High Resolution 

Mass Spectrometry, HR-MS, chemoinformatics, Attalea cohune, Bourreria huanita, 

Dysphania ambrosioides, corozo, Saint Peter of Betancur tree, apazote, 

Summary video (5 min): https: //www.youtube.com/watch?v=lZOnrjquOIO 
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Chapter 1 

Introduction 

The challenge of the 'resistant bacteria era' 1 has been ignited a new age of biomedicine 

research (Sec. 3.4). This has yielded the emergence of new approaches to deal with 

infections, experimental techniques, and antibiotic stewardship regulations; for 

instance: mixing known antibiotics with other drugs that enhances their antibiotic 

activity Perhaps the strongest quality of the research in the biomedical sciences, and 

related fields, is the human resources availability for the orchestration of inter and 

multidisciplinary teams. This allows for the targeting of a specific issue with a broad 

vision, in this case a worldwide issue that is costing millions of dollars. 2 But beyond 

the economic cost, the resistant bacteria threaten the stability of the health care systems 

around the globe because they represent the risk of entering into an era with reduced 

means to treat common infections. In an extreme viewpoint, a common infection today 

could potentially lead to death if it is not well treated. That is why the antimicrobial 

research should be at a hot spot for governmental health care policies, as it is becoming 

for the World Health Organization (WHO). 2 A revival on antimicrobial research has 

been leaded or promoted by the WHO and other regulatory agencies, more than it has 

by pharmaceutical industries. Those efforts together with interested scientists -located 

around the world, and mostly in academic institutions- are resulting in a renaissance 
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on the natural products drug discovery (NPDD) research. Antimicrobial compounds are 

the second target in NPDD, but the attention that they receive is still far beyond that the 

received by anticancer and antitumor agents (see Sec. 2.2). 

NPDD research comprises the investigation of a wide diversity of natural 

metabolites, and among them alkaloids have been considered as privileged scaffolds for 

druggable compounds (Secs. 2.2.1 and 2.2.2). In general, their main feature is the 

presence of at least one nitrogen atom in the molecular structure. For example, among 

the molecular structures of commercial antimicrobials, the structures that are alkaloidal 

type predominate in the chemical space of commercially available drugs (see Fig. 9), 

probably due to the nitrogen chemistry they brings to the table. Alkaloidal type NPs 

(AT-NPs) have been targeted in NPDD pipelines because of both their bioactivity and 

5structural features variety 3- (see Sec. 2.2.2); which mix well with the continual 

growing on the type of bioassays available and the development of analytical chemistry 

techniques. 

Such a renaissance in NPDD has also been nurtured by other sources (Sec. 2.2). 

Firstly, the traditional medicinal knowledge from indigenous communities along time 

and space. Secondly, the realization and recognition of the potential of still unexplored 

rich biodiversity zones in the world is also gaining impetus. Thus, some pharmaceutical 

industries and several governments are interested in to engaging in NPDD, as with the 

case of INBio A research institute's involvement in an agreement between the a large 

pharmaceutical industry (Merck) and the Costa Rican government. 6 Finally, the interest 

of health care regulatory entities such as the WHO and the USA National Institute of 

Health (NIH), have allocated funds for this purpose. This as an attempt to attract 

more research and funding to NPDD targeting prioritized diseases (such as microbial 

infections). 

The bioprospecting concept proposed by the WH0 2 from the integration of the 

Acosta Rican National Institute of Biodiversity: INBio 
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aforementioned sources has a worldwide need for integral development (e.g., 

self-sustainable and ecofriendly industries, social responsibility, promotion of 

community development in low income countries, Sec. 2.1). Further advancement on 

bioprospecting holds the promise of discoveries from renewable resources which will, 

in a long term, wholesomely benefit the humankind. 

The Guatemalan rainforest has a rich biodiversity 7 as well as the Mayan medicinal 

traditional knowledge developed over time and closely related to their environment. 

Three intriguing rainforest species were analyzed in this study: Attalea cohune, 

Bourreria huanita and Dysphania ambrosioides. Their plant profiles are in Sec. 3. A)A. 

cohune (common name 'corozo' ), a quite fire resilient palm s,9 , was studied for the 

alkaloidal content of its male inflorescences 10 (Sec. 3.1). These are seasonally sold in 

traditional markets as decoration for specific Catholic festivities and other artisanal 

11 12uses , . However this palm blossoms at least four times per year, and those 

inflorescences have no commercial value, representing a potential source of raw 

materials. B) The highlighted features of B. huanita (common name 'esquisuchil'), a 

300 year old Catholic relic and Mayan sacred tree, are its traditional use as 

antidepressant and its longevity 13 (Sec. 3.2). C) Lastly, the herbaceous plant D. 

ambrosioides (common name 'apazote'), is a Mesoamerican traditional food spice, The 

composition of which has been partially characterized e.g., its essential oil is one 

15component of patented biopesticides 14, (Sec. 3.2). But due to its phytochemical 

17richness 16, , it still offers an un-investigated set of secondary metabolites, such as 

alkaloids and saponins. With emphasis in dereplication (Sec. 2.2.3), phytochemical 

research on these three species might yield new chemical entities with potential 

antimicrobial bioactivity due to their intrinsic characteristics. 

In order to face the challenge of the 'resistant bacteria era", extracts from the above 

mentioned three rainforest species were investigated for potential enhancement of the 

antibiotic activity of a commercial drug. For experimental details and results see Secs. 
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4, 5 and 6.1. This bioprospecting study encompassed the extraction, alkaloidal 

fractionation, and instrumental analysis with emphasis on dereplication, and the 

microbiological evaluation of their bioactivity against opportunistic bacteria. 

Specimens collection, as well as plant extracts were prepared at Biochemistry and 

Microbiology Department, at Del Valle of Guatemala, Central America 

(BCMD-UVG), and sent via airmail to the Chemistry Department of the University at 

Buffalo (Sec. 5.1). The bioassays were performed against a set of nosocomial bacteria 

that are considered as a serious threat by the Center of Disease Control and Prevention 

(CDC) and are in the list of National Targets for Combating Antibiotic-Resistant 

Bacteria by the United Stantes government 18 Methicillin Resistant Staphylococcus 

aureus (MRSA), a priority for development of new drug treatments, see Secs. 4.2.4.3, 

4.3 and 4.4). 8 

Even though the three plants have been reported to be rich in secondary metabolites, 

the specific target for instrumental analysis was the alkaloidal family. Alkaloids are 

privileged scaffolds that have not been fully characterized in all the three species 

considered (neither in relative species at genus taxa level). They also offer higher 

structure variability across species, which might reduce the reisolation risk. The earliest 

dereplication checkpoints was the selection of bioactive fractions that: a) were enriched 

with one main organic component, detected by High-Resolution Mass Spectrometry 

(HR-MS), and b) that have a m/z and putative molecular formula combination that 

was not found in a set of databases were prioritized for structural elucidation (Secs. 

5.2.4 and 5.3). Instrumental analysis included experiments applying mass spectrometry 

(Chapter 5), infra-Red and Nuclear Magnetic Resonance spectroscopic (Chapter 6) 

techniques; most were performed at the facilities and from resources of the SUNY, at 

Buffalo, Instrument Center. Due to the complexity physicochemical properties of some 

BThe microbiology techniques as well as the growth curve experiments were practiced at BCMD
UV G, while the fractional inhibitory concentration indexes were determined at the facilities and with 
resources of Dr. Campagnari' s laboratory, Microbiology and Immunology Dept., at Universityat Buffalo. 
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of the samples e.g., solubility (Sec. 4.4, Table 4.4), structural candidates were derived 

via a computationally-assisted structural features elucidation (Sec. 6.2). 

Further investigation of the discovered bioactive compounds might yield promising 

results, e.g., new chemical entities derived from natural products as drug leads. 
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Chapter 2 

Background Information 

2.1 Bioprospecting 

According to the WHO 2, bioprospecting 'can be defined as the systematic searchfor 

and development ofnew sources ofgenes, micro-organisms, macro-organisms, and other 

valuable products from nature. It entails the search for economically valuable genetic 

and biochemical resources from nature.' 

Regarding drug discovery, bioprospecting also includes bio-inspiration 19,20 in the 

product design, for example, the discovery of new chemical entities that later will be 

synthesized by other means. At a macro level, the United Nations Environmental 

Project (UNEP) 21 envisions commercial products originated from nature and their role 

in the society. Such an origin does not necessarily means that all the raw material will 

come permanently from that source (e.g., genetic resources, scarce amount of bioactive 

molecules). 20 That finding would be a seminal phase for further drug development. 

Identification of bioactive parent compounds from natural plants is extremely 

challenging because of the complexity of their biological matrices. However, such a 

challenging work is of significance in drug development, which provides insight into 

the total synthesis or modification of the identified parent compound to the final 
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pharmaceutical product with lower toxicity and higher efficiency. Eventually A, a 

nature-derived commercial product would access the drug market and start to generate 

20economic benefit5, . Precisely in how the shares are going to be partitioned and the 

20 21raw materials generated, is where the UNEP2, , , through the Jakarta agreement, may 

have its a more important impact regarding bioprospecting resources from developing 

21countries, see Fig. 1. 2, 

What the Jakarta agreement2 adds to the drug development and marketing scheme is 

the inclusion of: 

• sustainable ecological conservation of the original natural source of knowledge 

(i.e. by economic incentives to the host community), 

• design and implementation of an ecofriendly and sustainable raw material 

production, 

• the support and recognition to the community that contributed with their 

traditional knowledge (if that is the case) in pursuing an sustainable 

socio-economic ad van cement, 

• the need for regulation on the exploitation of natural resources. Several countries 

already have developed policies addressing this issue, including Australia, Brazil, 

Cameroon, Chile, Colombia, Costa Rica, Philippines, Peru, and the USA 23 . 

• It also recognizes the challenge that this represents (e.g., the International 

Cooperative Biodiversity Group (ICBG) 8 collaborated with Suriname 

government and US pharmaceutical companies to build a bioprospecting scheme 

that aimed to fulfill these parameters 24). This shows that besides funding, there is 

AIt should be noted that challenges for scale-up extraction also include the qualitative and quantitative 
variation of the secondary metabolite-profile from specimen to specimen, the different parts of a given 
plant, as well as seasonal effects. These have important consequences in making plant recollections for a 
scale-up work. 22 And, eventually, they must be taken in account in bioprospecting an organism. 

8 a U.S. government funded program, sponsors: the National Institutes of Health (NIH), the National 
Science Foundation (NSF), and the United States Agency for International Development (USAID). 
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need of more research on how to assemble consistent alliances between the 

different involved sectors. 

2.2 Analysis of Natural Products 

The analysis of NPs has yielded a variety of drugs. For instance, 48% of the total 

approved drugs between 1981-2010 in the worldwide market were derived from natural 

products, and 47% of the approved anti-infective drugs were NPs or were structurally 

27related to them. 26, But NPDD have also been decelerating in the pharmaceutical 

industries. 27 As technology advances, NPDD is experiencing a renaissance, and a 

variety of approaches are being applied 28 (see some examples in Sec. 2.2.1). Among 

the secondary metabolite families, especial attention has being given to alkaloids (see 

34Figs. 2, 3, and Sec. 2.2.2). 29- Their activity in the mammalian nervous system is a 

wonder of this type of metabolites -the initial alkaloidal definition includes this 

feature. And their nitrogen chemistry allows for the applications for other bioactivities 

beyond neuro-activity. The alkaloid's applications might have been due to the 

increasing demand of other medications (e.g., anticancer and new generation of 

antimicrobial drugs 2,35 ), as well as to the availability of performing a wider bioassay 

spectrum26 (see Sec. 4.2). In order to keep expanding the biologically relevant 

chemical space of alkaloids, there are still challenges to surpass, for instance, the needs 

to speed up the overall process of NPDD, to reduce the chances for reisolation (see Sec. 

2.2.3) unless repurposing is pursed, and to assure the quality control when utilizing 

natural resources as raw materials. 26,36 

The utilization of plants in traditional medicine has been documented worldwide for 

a long time, becoming an important guide for scientists to choose targets for 

NPDD 2,37-42 _ Acknowledging the importance of this legacy and protecting its 

continuity, the Nagoya Protocol established a base of regulations for the exploitation of 
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both traditional knowledge and biodiversity for the benefit of human kind 28 (see 

definition of bioprospecting in Sec. 2.1). Contemporary questions or issues can be 

answered by scientific research of natural resources, such as the hunt for new 

antimicrobials to face the 'antimicrobial resistant era' 43 (see Sec. 3.4). 

Some of the challenges in NPDD research are briefly discussed in the following 

paragraphs : i) Rich biodiversity, rich sources... where to start?; ii) The evolution of the 

drug paradigms: the emergence of multi-target pharmacology; iii) Some of the 

drawbacks of the utilization of NP extracts as commercial drugs; iv) Other limitations 

on NP research. 

Rich biodiversity, rich sources... where to start? Even though there is a vast 

7amount of research on natural products 5,4 c there are still species -of plants, algae, 

microorganisms, and so on- dispersed around the world that have not been 

characterized or even taxonomically classified. 2,47-49 The evolutionary process of the 

living organisms' defense systems might answer some of contemporary needs, an 

answer that lies in the research on their genetic and metabolite composition. 50 D This 

implies that new drugs can still be discovered there, and the challenge becomes 

defining the exploration strategy (e.g., traditional knowledge guided, well adapted 

species reported in other fields, and so on), how to speed up the process, and how to add 

up efforts avoiding duplication, among others. 

The evolution of the drug paradigms: the emergence of multi-target 

pharmacology: The pillar of In the early days of pharmaceutical research (beginning 

of 20th century), was the NPs random screening paradigm. It proved to be an active 

27 49 51and successful source of therapeutic drugs 1, , , - 54, i.e., the alkaloids colchicine, 

56morphine, 36 and taxol, 36 the endoperoxide artemisin 55, , the phenolic salicylic acid, 

and penicillin a beta-lactam that was the first antibiotic drug 36 ; also, natural products 

c As part of the systematic investigation, scientific journals have specialized on such reports 26 (as 
several of the cited in this review, see Sec. 6.2.5.3) . 

0 oue to the ecosystems complexity, a given plant might have a multitarget strategy to deal with 
infections, i.e. mixtures of secondary metabolites that have synergistic interactions against the pathogen. 50 
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58 have been source of nutraceuticals such as epigallocatechin gallate and curcumin. 57, 

Random screening also implied a larger amount of isolated compounds, for which 

bioactivities though were explored, yet were not found. Since then, the paradigm has 

drifted towards drug discovery rational design. 26,59 The aforementioned challenges 26 , 

together with the scientific advancement on analytical chemistry and organic synthesis 

tools, as well as molecular biology techniques that facilitated the comprehension of 

several diseases at the molecular level 60 , triggered and sustained such a drift. As the 

drug market evolves, other paradigms are either re-surging -as with NPDD- or 

emerging, 1,28 for instance, the multi-target therapy (MTT) paradigm, in contrast with 

the traditional "one-drug-one-target". 61 The MTT can be achieved by 

polypharmacology, E or by drug combinations targeting different steps of a given 

metabolic process or different pathways that result in a given disease 61. And, it is under 

the latter paradigm (MTT) that phytopharmaceuticals may have an important niche. 

Natural products, e.g., extracts, are usually mixtures of compounds. If they contain 

different compounds, then, an extract has the potential to interact with several targets 

and show different mechanisms of action that all together translate in a healthier cell's 

state. This might be perceived as a complex solution, but as the -omics era is 

advancing, drug paradigms are evolving, and the technological development proceeds. 

In the future, this 'complex' solution might be 'the' solution for several 

diseases. 43 ,62-67 

Some of the drawbacks of the utilization of NP extracts as commercial drugs 

NPs mixtures are regularly of a rather intricate composition. And, in order to 

successfully reach the drug market, they require a scheme of Research, Development 

and innovation (R+Di), that certainly still needs to be polished. 68- 7 °For example, a 

given extract's adverse secondary effects are associated with antagonists, inhibitors, 

and other metabolites present in the administered NPs preparation. 

EThe polypharmacology principle is that one drug can bind to different sites, therefore it can have 
different bioactivities in a given living organism. 61 
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If natural resources are the raw materials, the consistency of the extract composition 

at an industrial level must be considered, and the quality control must be assured. This 

has been one of the biggest challenges to commercializing natural products as 

71 72pharmaceutical drugs. 36, , 

To further advance and boost the interest on the NPDD field, it is needed the 

strengthening of the NPDD research pipeline and the industrial processes that involves 

living organisms as raw materials (i.e., plants, microorganisms), by, for example, 

enriching them with modem techniques, problem approaches, etc. 72 . 

Other limitations on NPDD research include: the time consuming phytochemical 

screening and compound isolation, 73 the selection of the appropriate bioassay, 26 the 

75risk of rediscovering molecules previously found 74, F (re-isolation76), low 

antimicrobial bioactivities (for example, see Fig. 25), and the secondary effects 

77reported for some botanical extracts. 36, G Also, the market fails of some drugs 

derived from NPs -especially in the antimicrobials area- makes NPDD to appear to 

investors as a bet that they might not be willing to risk. 36 The combination of these 

factors, have been translating into a diminished interest from the pharmaceutical 

36industry in pursuing NPDD programs. 28, ,79-8 1 

Several challenges are present in the NPDD process that are worthy to try to sort out, 

by virtue of the fact that NPs better cover the biologically relevant chemical space than 

28synthetic compounds4, . 

FThe need to organize information available, that can help to improve experimental designs and avoid 
re-isolation, should be mentioned. 72 

GThe several species belonging to the Boraginaceae plant family -among other families- contains 
pyrrolizidine alkaloids, which are hepatotoxicl under chronic exposure can lead to cirrhosis and cancer 
promotion. 78 Medicinal plants from these families are utilized worldwide, e.g., in China, Africa, 
and India. 78 Another example are the most common symptoms associated with the toxicity of plant's 
consumed were 'skin irritation, gastric and abdominal disturbances, abortion, sterility, neuralgic pains 
including fatigue' found through an ethnobotanical survey of Jordanian plants 77 

. 
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2.2.1 Drug Discovery Approaches in Natural Products 

A set of modules must be addressed by the NPDD experimental design: i) species 

selection, ii) extract preparation, fractionation, purification, iii) composition analysis, 

iv) bioassays, and v)other aspects : co-elution, and variation in the specimens' 

composition. The manner and order in which the modules are performed varies from 

82 83project to project. In the Figs. 4 and Sgive some examples on NPDD workflows 73 , , . 

26 83Let's consider the species species Zz. It can be selected for different reasons , , 

including traditional knowledge references, that the species Zz belongs to a genera in 

which bioactive phytochemicals have been reported, that the species has unique 

features (e.g., it dominates in hostile ecosystems, is easily available, is causing 

economical costs, or it is endangered) 29 , or that it is part of a systematic study (e.g., by 

genera, geographical area, etc). The rationale for the species selection should be clearly 

stated. 83 

The method for the extract preparation can be chosen from references in 

traditional knowledge. The utilization of organic and supercritical solvents will depend 

on the type of targeted molecule, or if it is a general characterization of the overall 

extractables secondary metabolites (See Fig. 6). For not previously characterized 

species, the gradient polarity extraction method is usually applied, and different types 

73 83of compounds elute as the dielectric constant of the extraction solvent increases 26, , . 

The fractionation and purification can be performed by chromatography (e.g., 

column chromatography, liquid chromatography, high performance liquid 

chromatography). The fraction selection for further purification might depend on its 

37 73bioactivity (bioguided purification) 26, , . Or, if a specific type of secondary 

metabolite, e.g., alkaloids, saccharides, are the target, then the process is centered in 

the removal of other components by changes in the pH, solvent's polarity, other 

physical methods such as centrifugation, etc. 

The composition analysis can be roughly performed with chemical tests, such as the 
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Dragendorff test for alkaloids, and other colored reactions 84 . A more detailed analysis 

of the mixture requires instrumental techniques, especifically mass spectrometry either 

85 87in its high resolution version or coupled with chromatographic separation 73 , - . For 

the structure elucidation, the metabolite should be as pure as possible, and both mass 

spectrometry fragmentation and spectroscopic characterization can be utilized 26,88 (See 

table 2.1). 

In general, the mam objective of NPDD is to obtain a drug hit or a new 

26 29 89scaffold 3, , ,52, . The traditional approach has been to perform bioassays that are 

related to the targeted disease (a similar approach as in rationale design drug discovery 

research) 36 . However, the NPDD can be envisioned as a 'black box experiment', and it 

is better to test for different bioactivities, a set that is becoming accessible as 

high-through-put bioassays are becoming available 26 . This perspective that will 

require the collaborative work of laboratories that have different bioassay's specialties. 

Predictions of bioactivities can be also useful, and computational modeling can aid in 

identifying potential targets of NPs, the structures of which have been elucidated 90 . 

The NPDD researcher should keep in mind that when designing extraction methods 

is that co-elution can occur even in non-chromatographic processes 91 , H and include 

checkpoints in the process to map out if the targeted compound or family is being 

extracted properly. Reproducibility regarding isolation of NPs can be tricky, because 

the composition of a given extract will be defined by both the primary and the 

secondary metabolism that was active when the specimen was collected. They, at the 

same time, are influenced by their niche ecosystem, the specimen's phenologic state, 

26 29 1and so on , . This is a virtue in the sense that hostile environments can trigger the 

expression of more bioactive compounds, potentially yielding better drug hits. This is a 

8 The co-solubility effect: A compound elutes not only at the extraction conditions that correspond 
to its molecular properties 91. Other components -that usually are unknown- can change its physical 
properties, thus sometimes eluting in unexpected extraction conditions, e.g., surfactants can enhance the 
solubility of a non-polar compound. 

1Recording as much information as possible during the recollection is highly recommendable. 
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drawback regarding reproducibility in the isolation, and therefore in the utilization of 

living organisms as raw materials 92 . Biotechnology is and will keep playing a key role 

93in overcoming it 32, . 

2.2.2 Alkaloids as Druggable Scaff olds 

Among the secondary metabolites families, alkaloids have been the king of the 

hill 3,29(see Fig. 2). They have shown a wide variety of carbonated skeleton (see Fig. 3 

and 7). Their key features are 30,32,34,s4,95 : i) they contain at least one nitrogen, J that 

can be positively charged (perhaps the most important feature for bioactivity), ii) they 

usually have complex structure, iii) they are bioactive, K iv) they can contain other 

functional groups, v) they originated from secondary metabolic pathways, usually 

involving aminoacids' pathway(s), vi) they yield positive tests of Dragendorff, Mayer, 

Hager and Wagner reagents. 

There can be two scenarios that yield for a plus charge (+) in a nitrogenated 

compound. First, when nitrogen serves as a Lewis base -the most common case-, the 

nitrogen's 'unshared electrons' are interacting with an acidic atom, usually a proton. 

The basicity can vary according to the electron withdrawing and electron donating 

groups. They can show pKa quite acidic as pKa =4.5 to the basic range pKa = 10 (see 

Figs. 7 and 8). The second case isa that of quaternary alkaloids, in which the nitrogen 

atom is covalently bound to four carbonated side chains, and thus it can not act as 

proton acceptor, but it holds a positive charge with no pKa value (at least in the water 

84pH scale) 34, . Usually, an alkaloidal common name is given based on its natural origin 

(first isolation), ending by -ine, e.g., atropine from Atropa belladona. But other criteria 

JThere are alkaloids that contain up to five nitrogens, the physical state at 20°C is liquid if nitrogen is 
the only heteroatom in the molecular structure 29 . 

KWide variety of bioactivities are found in alkaloidal families, from venom for humans to drugs for 
cancer treatment. Bioactivities related to the nervous system are: analgesic, central nervous stimulant 
or depressant, antihypotensive / antihypertensive, antipyretic, anticholinergic, antiemetic, vasoconstrictor. 
Other bioactivities are antitumoral, antimalarial, antimicrobial. Alkaloidal scaffolds can be found also in 
recreational drugs, some considered as drugs of abuse 29 . 
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have also been applied: geographical reg10n (tasmanine), discoverer's last name 

(pelletierine), or the alkaloid's pharmacological activity (morphine). For a given 

alkaloid that resembles an already existent scaffold, either a prefix (hydroquinine) or a 

letter is assigned (Hapalindole B) 29 . 

The structures of several commercially available antimicrobials have been inspired 

in alkaloids-or they could be classified as alkaloids except for their synthetic origin; 

some examples are in Fig. 9. The origin of the azole family of fungicides, i.e 

metronidazole, was the nitroimidazole ring of the alkaloid azomycin. Natural occurring 

N-heterocycles have been incorporated as pharmacophoric scaffolds for drug design, 

e.g., linezolid and trimehroprim. NPDD, has also yielded serendepitous scaffolds in 

the total synthesis processes, as with the quinolone antibiotics discovered while 

designing the quinine (antimalarial) organic synthesis 29 . It should be mentioned that 

this reveals the importance of testing the bioactivity of selected chemical intermediates. 

This is one of the research lines of the Community for Open Antimicrobial Drug 

Discovery (CO-ADD) initiative (see Sec.3.4); CO-ADD aims to test the antimicrobial 

activity of total synthesis intermediates sitting in the organic chemists shelves, around 

the world 96 . Antibacterial activity usually is reported as the minimal inhibitory 

concentration (MIC), and alkaloidal monomers with MIC ~ 10 µg/mL have been 

reported for members of the following families : aptamine, indole, indolizidine, 

isoquinoline, piperazine, quinoline, quinolone, agelasine, and polyamines. Some of 

them are active at non-toxic concentrations 29 (See Figs. 3 and 7). 

2.2.3 Avoiding Reisolation: Natural Products Dereplication 

Dereplication is a data analysis process, applied to the experimental results of 

bio-extracts chemical characterization in order to find chemical identity replications 

97present in that complex mixture41 , . It is an important early step in the drug discovery 

pipeline, and it is also applied in metabolomic studies 90 . The components of a complex 
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mixture of a given bio-extract can be grouped either as previously identified 

metabolites (PIMs), or as potential new chemical entities (PNCEs). There is a vast 

amount of chemical information that has already been reported and is currently being 

produced, plus the sample's chemical information, thus requiring bioinformatic tools to 

computationally classify the sample's compounds as PIMs or PNCEs. These tools have 

been developed as improvements with both technology and databases availability 

64 65 67 98 99advancements 4, , , , , . 

The dereplication step 1s gammg more importance m NPDD as the 

high-through-put NPs analysis is being developed 97 . The probability to find an already 

detected compound grows as more metabolites are being characterized or reported, 

which directly leads to the risk of reisolation, which in many cases can represent 

wasted resources. Thus, a special effort to include dereplication step(s) as early as 

possible in the research workflow is desirable L. 

HR-MS is a versatile and relatively fast analytical technique for ionizable 

compounds, yielding the accurate molecular mass determination (AMM determination) 

85 98and some chemical structural insight by molecular fragmentation (MSn )65, , . These 

data files can be filtered to narrow the m/ zi that could represent new chemical entities. 

For example, the m/ zi itself together with the isotopic distribution and potential 

molecular formula, hint on which analytes could be potential PIMs or PNCEs, i.e., 

molecular formulas that have not been reported vs. those already studied. The 

fragmentation patterns evaluation is a precise filter that requires a pre-existent 

fragmentation spectra database. Fukushima and Kusano 67 reviewed MS-related plant 

metabolomic databases, grouping them according to the parameters or compound type 

that one can use them to compare with e.g., lipidomics. Once a chosen m/ zi is 

assigned to a pseudomolecular ion (e.g., [ Mi + H ]+ ), the molecular mass and the 

molecular formula can be used to expand the search to other database types, such as 

Llf the objective is to find new sources of the same metabolite, or explore other bioactivities of the 
same compound, then it might be a useful finding in the NPDD pipeline. 41 
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101Scifinder, NCBI, DrugBank, and Pubchem, among other64, . Computational 

modeling of molecular fragmentation has also been useful for dereplication purposes 

by yielding in-silica MS/MS fragmentation libraries of NPs 74 . 

2.2.4 Instrumental Analysis Techniques for NPs Structure 

Elucidation 

In order to achieve the promise of the NP's rich chemical space of druggable compounds, 

a powerful analytical toolbox is required (see Table 2.1). The continuum of progress in 

the development of workflows, and instrumental analytical techniques, high throughput 

bioassays, among others, are firing up the advancement of NP's drug discovery. 

As with any chemical analysis, the sample's features should be considered to 

determine the mixture composition, selection of the key components to target for 

further studies, and their structure elucidation. NPs samples trend to be an intricate 

mixture, that can contain a myriad of components, and the most abundant are usually 

targeted first. In some cases, fractionation and purification processes are the next phase. 

Instrumental separation techniques can be applied (e.g., Liquid Chromatography, LC, 

and High Performance Liquid Chromatography, HPLC). However, the bio-guided 

approach is becoming common practice, either targeting only one bioactivity or a set of 

them at the same time M_ Usually, the final project's goal is to elucidate and to 

propose the molecular structure of interesting substances that have not been 

previously found or reported for the targeted bioactivitie(s) so that they can be of a 

given benefit, a process that usually demands an interdisciplinary work-team. This 

allows for further study (e.g., total synthesis, structure activity relationships, 

M1t would be interesting to be able to have a broad range of bioassays available for a given extract. 
Sometimes a given extract seems to lack of bioactivity A, but if that same extract is evaluated for other 
bioactivities B, C, D.. . and so on, one may find for what the extract can be utilized. This offers the 
advantage to optimum avail from the extract, but it can be costly regarding bioassays diversity, which at 
the same time could be sorted out by institutional collaboration. For example, the US National Institute 
of Cancer initiative aims to reinvigorate NPDD by making available -and free of charge- more than a 
million fractions for screening activity against a given disease 102 . 
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interaction modeling, design of more druggable derivatives). Eventually, the substance 

or its chemical derivative will become a commercial drug that solves a public need. 

Several factors influence what tools are going to be applied in this kind of research, 

for example: 

• The available amount, concentration and purity or the selected analyte: 

Mass spectrometry offers a first approach to analyze the sample, requiring less 

than milligrams, and yielding an initial point of purity, the exact experimental 

mass, and some structural information related to the fragmentation pattern. 

However, it does not give a definitive structure. While 1H-NMR 1s a 

non-destructive technique by which the structure can be determined, it requires at 

least 10 mg of a highly pure sample, with only one analyte. This might be a 

constraint for some NPs analysis, since there might be biosynthetic and structural 

related compounds in a given sample, some times implying longer process for 

purification. This is somewhat related to the synergistic bioactivity of the 

mixture, instead of any one compound tested. Another technique is single crystal 

X-ray crystallography, which requires one single crystal, and the purity issues 

might be bypassed as much as the crystallization occurs uniformly and impurities 

103 104are not included in the packaging 88, , . 

• The stability of the targeted compounds becomes a key factor for cases of 

thermolability, photoreactivity, sensitivity to oxygen at atmospheric 

concentration, and chemical reactivity such as radical formation, and 

polymerization reactions 105 . 

• The availability of a suitable analytical technique can depend on the 

instrument access, cost of utilization, and the development of newer analytical 

chemistry technologies that enable the required natural product's 

characterization 103,106 . 
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• The availability of analysts with the level of expertise needed in the selected 

technique to run the experiments and to analyze the data. 

• The Economic resources are also a determining factor for the instrumental 

analysis technique selection. In general, a convenient balance between the gain of 

enough structural information and its associated cost would be chosen. In some 

cases the application of all the possible techniques is needed to achieve the 

natural product's characterization, despite the cost that this may represent 107 . 

• The bioprospecting approach that is pursued, e.g., if it is focused on a specific 

bioactivity or if it is broad set of bioassays, and the envisioned field of potential 

103 108application is of the compounds found 27, , . A different pathway would be to 

determine main components in the plants. Then, based on the structures, to 

explore potential applications. This is somewhat similar to the early stage of 

natural products reports, but now taking advantage of the chemoinformatics and 

103 109 111computational model tools 90, , - . 
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104 Table 2.1: Succinct information on instrumental techniques commonly utilized in NPs analysis. 88 , . 

Technique Name 
Measured 
property 

Most common variants 
utilized in NPDD 

Sample amount Potential information obtained 

Mass Spectrometry (MS) m/z ratio MS" from 1Omg/ml to fragmentation pattern can lead to identify certain molecular 
ppm moieties. 
concentrations 

LC-MS separation and fragmentation of each (or major) ionizable 
compound in the mixture. 

FT-MS Exact molecular formula of sample's components. 

Spectroscopic techniques 

Nuclear Magnetic chemical 1HNMR 1Omg, at least chemical shifts and coupling constants of nuclei can yield the 
Resonance (NMR) shifts 95% purity. chemical structure 

coupling 13CNMR 
constants 

COSY 2D experiments give information on the constitution or bond 
connectivity. 

DESY 
Cryo-NMR 1mg sample 

Vibrational spectroscopy 

lnfra--Red bond Functional groups absorbs energy at specific wavenumber(s) 
Spectroscopy vibrations. in the IR region. 

Fourier Transform FTIR 
Infra-Red 
Spectroscopy 

UV-vis electron UV-vis spectroscopy Functional groups absorbs energy at specific wavelenght(s) in 
spectroscopy excitement. the UV--vis region. Not as specific as IR spectroscopy. 

X-ray crystallography molecule's Single crystal X--ray crystal of about 0.1 Atomic coordinates. Structure of the crystallized components. 
diffraction crystallography mm 
pattern 



Chapter 3 

Bioprospecting Plants From the 

Tropical Rain Forest as a Tool to 

Combat Resistant Bacteria 

The term tropical rain forest (TRF) encompasses complex ecosystems. TRF are hot 

and wet environments, yielding the conditions for biodiversity to thrive. Though a 

given TRF differs from others, e.g., each one has its own endemic species, the common 

114denominators are the following characteristics 112- : 

1. They are essentially -but not exclusively- dominated by evergreen hygrophyte 

trees 112 A, with the largest variety of synusiae among other climate domains 

(plants that grow at similar height forming layers, the synusiae can be constituted 

of several species of trees, shrubs, herbs, epiphytes, parasitic plants, and vines 

such as climbers, and stranglers). 112 

1122. They are an ecological niche of luxuriant fauna and flora 42, . 

3. Temperature: [21-30] °C or [70-85] °F, which is not an extreme environment, 

such that of the desserts. 

A Hygrophyte: tree that prospers in very wet soil. 112 
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4. Precipitation: [152-406] cm or [60- 160] inches, which translates to an abundant 

moisture environment, with short or no dry season at all. 

5. Sunlight: 12 hrs average, light incidence mostly over the canopy cover. 

6. They are located around the equator line(± 23.5°, see Fig.10). 

In 2011, about 13% of Earth's land was covered with tropical forests, and its major 

climatic domain was the rain forest ( 44% of the total forest land) 115 . The larger TRF 

areas are in Brazil, Congo and Indonesia. Smaller areas are scattered around the 

113 115world 112, , , being the Mayan biosphere among them. The Mayan biosphere is 

situated in Mesoamerica, between the neotropical and neoarctic regions 116 . An 

estimated of 50% of the Earth's biodiversity has developed in the world's rain forests, 

113 115which is an outcome of the above mentioned conditions 112, , . 

The Food and Agriculture Organization of the United Nations (FAQ) 114 determined 

that the tropical forest is the climatic domain that is the most affected by the traditional 

agriculture frontier. Due to its key roles in the global ecosystem, the preservation of 

tropical forests is crucial for sustainable agriculture and food security, as well as for 

human safety. The extinction of medicinal plants and the indigenous knowledge 8 has 

hidden health risk for both developed and developing countries 42 . The United Nations 

c has been promoting new approaches for positive interactions between agriculture and 

forestry 114; e.g., research on genetic resources from TRF in Costa Rica by INBio, a 

research institute partially funded by the Costa Rican government and a commercial 

25agreement with the Merck pharmaceutical industry 6, . 

Guatemala is located in the center of the Mesoamerican biodiversity hot spot 116 

(See Fig. 10). The name Guatemala is derived from Quauhtemalan, the nahuatl -one 

8 usually the community deposits this knowledge in the medicine person or 'shaman', which is 
considered the first botanical profession in the humankind history. This is orally transferred, and its 
documentation is an ongoing process usually performed by entities that are external to the indigenous 
communities. 25,42 

cThrough its different entities: UNEP, FAO, and UNESCO. 
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Figure 10: Tropical rain forest. Geographical location of rain forests. Note that the tropical rain forests are specifically located between 
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of the pre-Hispanic Mexican languages- word for 'land of trees' 116 . The three plants 

investigated belong to the luxuriant flora of the tropical rain forest of this region. A 

concise description of each species is given below. 

3.1 Attalea cohune ('corozo'): Plant Profile of a Useful 

Palm 

The A. cohune palm has been an intrinsic part of the Mesoamerican cultural heritage. 

Different cultures and distinct viewpoints converge in the cohune palm-Mayan 

communities, settlers from both Spain and England, anthropologists, archaeologists, 

biologists, international companies, and non-governmental organizations have been 

involved with the cohune palm forests. The species has attractive features that promote 

its cultivation: fire resilience, bee pollination, blossoms all year round, adaptable to 

different environments as much as moist conditions and draining are available, shade 

tolerance, and has the potential for production of several traditional and non-traditional 

products. In general, those entities perceive that A. cohune has the potential to be more 

profitable, but the key exploitable properties-or the means by which to exploit these 

properties-, have been somewhat elusive. In Fig. 12 is shown a timeline for the 

cohune palm product diversification stepping-stones and potential future re-purposes, 

with the nut oil as the ongoing starting point. It is a tree with multiple applications, and 

to date it is especially valuable in the extreme of the socio-economic spectrum in 

several areas that are either partially or not urbanized at all. The cohune palm remains 

interesting from different perspectives. It is one of the species that could be fully 

incorporated into the bioprospecting framework, in the area that corresponds to the 

lowlands of the pre-Hispanic Mayan Empire. 
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3.1.1 Botanical Description and Geographical Distribution 

The taxonomical classification of Attalea cohune D is given below 119,120 and in Fig. 11. 

120Kingdom 119 , Plantae (Plants) 

Division 120 Tracheophyta (Vascular plants) 

Subdivision 120 Spermatophytina (Seed plants) 

Class 120 Magnoliopsida (Flowering plants) 

Superorder 120 Lilianae (Monocotyledons) 

Order 120 Arecales 

Family 119 Arecaceae (Palms) 

Genus 120 Attalea 

Specie 119,121 Attalea cohune (Mart.) 

Synonyms 119,121 0rbignya cohune (Mart.) Dahlgren ex Standl. 

0. dammeriana, 0. guacuyule 

Common names Attalea palm, Corozo 122 , cohune palm, corozo 

cohune 120 , rain tree, American oil palm, 

121 123corozo palm, manaca palm 117, , , palma 

real 124 , coquito de aceite 125 , cayaco, palma 

coyol, coyolera 126 , mokoch 127 , ohom, uhum, 

ohung 118 . 

0 The genus name Attalea derives from Attalus III Philometor, an ancient Middle East king; who was 
a patron of medicinal plants cultivation. While the species name cohune is the common name given by 

117 118indigenous people from the Honduran, Belizean and Guatemalan tropical rainforest areas • . 
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A. cohune is the northernmost member of the genus Orbignya, and the forests 

dominated or co-dominated by this species are called 'cohune ridge' 12 or cohune forest 

(See Fig. 11). The following botanical description highlights the cohune palm features 

that have led to its active utilization until the rise of plastic products, and those that may 

represent opportunities for future re-purposing of this species. 

Flowers E: 130,131 Long monoic inflorescences, rachis [l-1.5] m, with 

numerous flowering cracks (rachillae) with beige 

flowers, being the male flowers (staminate flowers) 

the most abundant with few female flowers (pistillate 

flowers) in the base. Blossoms not seasonally, starting 

when it is 14 years old; the highest flower production is 

from February to May. 

Leaves: 128 10 m long, fairly erect, arching at their tip, bearing 30 

to 50 leaflet pairs of 45 cm each, rigid, dark green. 

The palm can bear up to 15 to 16 leaves, the tree is 

conspicuously ringed with old leaf scars left by the 

abscission of the old leafs. 

Height of adult [16-20] m tall, a single-stemmed, trunk diameter up to 

specimen: 121 30cm. 

Native ecosystem: Rainforests, altitude [0 - 600]mas. It grows in a variety 

of soil type and pH [1.5 - 7.5] 132 , as much as it is 

well drained 121 , being more favored in the calcaric 

cambisol soil 133 . Tolerant to lower temperatures than 

those common in the tropical rainforest: -4°C. It requires 

full sun, shade tolerant. 121 
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Distribution: 

Propagation: 

Symbiotic 

relationship: 

Atlantic side lowlands of South Mexico down to 

129Colombia 128, . The most densely populated forests 

are in South Mexico 129 F , Belize, Guatemala, 

and Honduras 134 . Particularly common in Peten, 

Guatemala 122 . It is cultivated in South America 128 

131 135Pollination by bees and other insects, seeds 9, , , are 

viable for six months 128 Nuts production can be of 1,000 

nuts/year, being elliptical, [ 4-8] cm long, and [3 - 4.5] 

121cm , the shell is very hard 134 in bunches that can 

weight up to 165 pounds 134, kernels per fruit,one to 

five 12 Only forest dominant and co-dominant specimens 

produce seeds, all produce flowers when mature 10 . They 

have known to travel kilometers through the ocean 

currents 136 . Recommended plantation parameters are: 

5 cm depth, in moist soil, average spacing of 100 

trees/hectare 128 . 

Dispersed by birds and other vertebrates, such as 

the agouti or spotted paca, the scarlet and the green 

macaws 137 , as well as other tropical rainforest birds, 

feed from the palm's tree seeds and disperse them in 

137 138the forest, as part of the native ecosystem flow 125, , . 

It is not clear if it is a symbiotic relationship with the 

wet wood termites (Nasutitermes costalis), but they feed 

from the dead petioles 10 . 
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Plagues known: 

Comments 

As commonly found in the palms family, the fruits 

are frequently colonized by the larvae of bruchid 

beetles 121 . Reported parasitic fungi are: Achorella 

attaleae, Gloesporium palmigenum and Poria ravenalae. 

The homoptera Ischnaspis longirostris and Pinnaspis 

buxi feed from the leaves, and the entomopathogenic 

nematode Steinernema sp. have been recovered from 

cohune forest soils, but it have not been reported as a 

139threat for the specie 10, . It can be found in maize 

cultivars in Oaxaca coast (Mexico) 140 . The plant is listed 

with no known plagues by FAQ 121 . 

Only the male inflorescences can be obtained in 

Guatemalan local markets during the Lent season, 

otherwise it is collected in the wild. 

Cohune palm forests are commonly associated with deep 

141and well-drained soils 133, , its population is being 

depleted due to land re-purpose for agriculture 133 e.g., 

142Coccus nuccifera 128, , Mangifera indica, Carica 

papaya 142_ 

The FAQ classifies it as very resistant to disease and 

pests 121 . 

Young cohune palms can regenerate after a clearing 

event, such as mutilation, trunk harvest, and fire. This 

because the apical meristem remains underground for 

12 143seven to ten years , . They can form 'secondary 

successional communities in highly disturbed areas' 143 . 

At least three initiatives are looking to protect and reactivate the cohune palm 
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utilization (see Sec. 3.1.2 for a brief description of the DINANT corporation, the most 

successful regarding business viability). If a drug-type product derived from A. cohune 

is found, those entities might be potential allies to further this investigation, and 

-eventually- collaborate to establish an industrial extraction of such a substance. 

3.1.2 Traditional utilization: 'The Tree of Many Uses' 

The traditional utilization description is grouped according to the part of the plant that 

is employed: the whole as ornament, pollen, leaves, stems, fruits, and inflorescences 

(including the dried rachis). Only one reference related to A. cohune medicinal 

properties was found 144 . 

Among palm enthusiasts, 'the adult cohune palm is considered one of nature's most 

121majestic and dramatic palms and thus is quite popular with collectors' 117, as an 

145ornamental plant (sold for about 10 USD) 121 , . It was among the most important 

trees in the Mayan everyday life 121 , and some specific native forest areas are 

considered as 'relics' 128 . 

Pollen studies revealed that Mayan population cultivated this palm, 146 and 

consequently, archeological sites are frequently associated to cohune palm forests 141 . 

The species was presumably present in Mayan gardens, and archaeobotanical remains 

(burned mesocarps of A. cohune ) were found as offerings to the gods in caves in 

western Belize 147 . The presence of A. cohune is associated with fertile land for 

farming, e.g., citrus growers as well 12 . The species has been successful in co-existing 

with agricultural systems because they can provide shade for the cattle and are too hard 

and tall to be eaten, with the additional advantage of surviving the burning treatment, 

that is usually applied to the soil for crop plantation in those areas 12 . 

The thatch palms are employed in constructing houses and corn-shelter (roof, walls, 

134fans, trellis) in rural communities located in the Mayan biosphere 122, . The leaves and 
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the fruit panicles G are used as fly brush to deter biting insects, or as field cover, among 

other common uses in Belize 12,150 . 

The petioles (leafstalks) are processed to be utilized as cord, for fences and 

hammocks, and the pith has similar properties as cork, able to replace its utilization 134 . 

A refreshing drink was prepared from the palm's sap 134 . Mayan people fermented the 

heart that is left on the palm base to produce wine 121 . The central stem, or the heart of 

the palm, at the leaves base is edible,'palmito' or 'cohune cabbage', and is eaten either 

raw, cooked, or pickled. It is considered a delicacy and is sold in local markets in 

Belize 12,121,127,150_ 

Cooking oil was extracted from thenuts (fruit pericarp) by Mayans, and still is 

today in some rural communities in Peten and Belize, being well absorbed in the small 

intestine 133,151 . It can also be used as replacement of cocoa butter 152 . The extract is a 

non-drying oil, and its yield varies widely making difficult to process it in 

large-scale 128 , but up to 40% yield have been reported 134 . In Yucatan, Mexico, it is 

used as febrifuge (poultice) 144 . The cake (or leftover from the oil extraction process) 

was used as cattle food 134,153 . 

The unripe kernel is used as cooking 'milk' and the ripened kernel as snack 

154food 12, . Other parts of the fruits are burned as bee repellent or as cooking fuel 12 . It 

153is also commonly used as livestock feed: fruits and seeds are used as fodder 128, , 

and the bark is used to feed pigs and chickens 121 . 

GEtymology of A. cohune common names: mokoch, corozo, cohune. The Mayan Q' eqchi ' words for 
A. cohune leaves are mokoch or cohune, cutting cohune leaf: setok k 'im, roof building with A. cohune 
leaves: tsuluk k'im,, the nuts: tuts, harvesting the heart of palmito: pokok mokoch and for opening up the 
cohune palm heart: nakat ru pokok mockoch. The fact that both today's adults and kids known language 
related to the cohune palm is not imported from Spanish or English might imply that the cohune palm 
utilization is twofold: a) it played an important role in pre-Hispanic everyday life, and b) it keeps being 
important up to date 127 . The word corozo has Spanish origin from caroza = hard parts of some fruits, 
which evolved from the latin carudium, that derived from the greek karydion= avellana 148 . The name 
cohune derives from the Miskito language word for mosquito: ochun or ochun 149 in Honduras, Nicaragua 
and El Salvador. The term was assimilated by the anglophone settlers, together with a migration of Miskito 
people to what it was British Honduras (Belize), imported the word cohune into the Belizean vocabulary 
in the XVIII century. 
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A. cohune and the Lent Period in Guatemala: 

155Corozo is a Guatemalan Non-Tangible National Patrimony 154, . The social 

relevance for Catholic celebration is conspicuous during the Lent period (see Fig. 12). 

The mysticism associated with the Palm Sunday in Guatemala is represented by a palm 

154 155with corozo , . Its characteristic aroma is highly appreciated, especially during in 

the Holy Week. It is in the Lent period when the corozo flowers can be easily found in 

local markets 154 H, serving as an intermittent job source for the families involved in its 

harvesting and commercialization. It should be mentioned that the palm's height is a 

11challenge for inflorescence collection 10, . 

Commercial Applications 

The fruits and nuts are exported from Mexico, Belize, and Honduras 128 , for several 

applications: as seed to palm cultivators and sporadically for flower arrangements 12 , 

but perhaps the most profitable product is the oil for cosmetic applications. It has 

emollient properties equally to or even superior to those of coconut oil, and it can 

soften the hair and the skin 20. The saponified oil (basic hydrolysis) yields fatty acids of 

'high' quality for soap production 134 . This nascent industry, was organic certified in 

1998 20 . It has been promoted by non-governmental organizations (NGOs) such as 

ProPeten (see below for a brief comment about this NGO) and would benefit from 

process engineering 10 . The oil is also used for lighting, as lubricant, 128 for 

manufacturing candles and nightlights, for cotton dyeing, and as an ointment base 152 . 

Activated charcoal filters for gas masks were once made from the nuts, shipped 

136from America to England during the World War 1123, . The seeds were also imported 

to the US in the 1900's 134 . The dried inflorescence (rachis and rachillae) is used as a 

crude broom 12 . 

8 An approximated calculation based in observed market is: if the prices are 30-50 USD per full 
panicle in its husk, one store can sell 50 panicle or more, which translates in 2,500 USD, which is 11 
times the Gautemalan base salary. Data collected in field trip to Mercado Colon, zona 1, Guatemala City. 
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Looking for ecofriendly and sustainable innovative models: what is corozo's 

role? The wide variety of applications of the wild resource A. cohune have earned it 

156the title of 'The Tree of Many Uses' 12, . The cohune palm utilization is especially 

prevalent at the ends of the socio-economic spectrum 12 , since alternatives for all the 

everyday products derived from this tree are available in urbanized areas. Otherwise, 

there was no systematic exploitation of this plant 12 , besides the following small -and 

slowly growing-business of corozo as soap raw material (e.g., DINANT). 

1. The DINANT Corporation is an agri-business model that has been successfully 

implemented at pilot project level is in Honduras. This model's axis is: 'how to 

integrate families living in conditions of extreme poverty into the production 

value chain' 157 . DINANT buys the cohune nuts and biomass as raw material. 

They trade it with specialized companies for food, cosmetics, and pharmaceutical 

production. This supported by The Alliance for Inclusive Business that 

encompasses at least 200 companies willing to participate in such a scheme. 

Garifunas and Pech populations have duplicated their income compared to other 

accessible salaries. Their key challenges, which are limiting the business 

expansion, are the optimization of the oil extraction, because the nut is quite hard 

to crack down, and that, in order to produce nuts, the palm must be a dominant or 

co-dominant specimen in the forest. 

2. Corozal Sustainable Future Initiative (CSFI) is a Belizean non-governmental 

organization (NGO) that works together with several international organizations 

1 CSFI was founded in 1989, previously under the name of Shipstern Nature 

Reserve (Belize) Ltd (not for profit) until 2012 156) and is innovating in 

biodiversity conservation efforts that are in the bioprospecting framework. The 

1For example: International Tropical Conservation Fund (Netherlands), Papiliorama: Fauna, Flora, 
and Fun (Switzerland), Royal Burgers 'zoo (Netherlands), Koiner Zoo (Germany), Abenteuerland Walter 
Zoo (Switzerland), Wilhelma: Zoolgisch-Botanischer Garten Stuttgart (Germany), and the Belizean 
government: Belize Forest Department, Belize Police Department, Belize Defense Force. 
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company is actively elucidating new models that are both economically and 

ecologically sustainable, such that they result in the improvement of the 

socio-economic development of the Belizean population through, for instance, 

fair eco-tourism. Their approach integrates vigilance, sustainable forest 

management, scientific research, environmental education, community 

engagement, strategic alliances, and co-management agreements. CSFI is 

located in Corozal Town 156 , and its name highlights the relevance that corozo has 

for Belizean community. 

3. ProPeten was founded in 1990, www.propeten.org, located in Flores, Peten, 

Guatemala. Some of the cooperating institutions are: USAID, World Bank, 

Deutsche Gesellschaft fur Internationale Zusammernarbeit (GIZ) GmbH, 

Federacion Luterana Mundial, Charles Darwin Foundation, act!onaid, American 

States Organization, and CHECCH 158 . Its vision is also in the bioprospecting 

framework and shares several features with CSFI (Belize). The ProPeten vision 

emphasizes the creation of ecological resilience in the rainforest area in order to 

face the global warming. They have pioneered in several areas, such as 

incorporating environmental sciences in state mid-schools curricula in that area. 

One of their objectives is the rainforest product diversification, with ecotourism 

and forest certification the main activities regarding that 158 . However, they do not 

mention any activity to found other utilization of the rainforest trees, which might 

be a potential expansion. 

3.1.3 Phytochemical Studies 

The chemical composition reports of A. cohune extracts, besides the cohune nut oil, are 

scarce. The detection of a pyrazine alkaloid is a finding particularly interesting for the 

present study (see Figs. 12 and 14). 

155Male inflorescences studies by Perez and Revolorio 10, : 
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Some of the traditional utilizations ofAttalea cohune ,(corozo) 
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Figure 12: Traditional utilization of A. cohune in Mesoamerica. A kind tree: corozo is traditional utilized for house building material, 

food, and as ornament. Photographies taken from the Palm Field Guide of the Natural History Museum 159 , DINANT corporation 157 , and from Guatemalan 

local journal Prensa Libre 11 . 
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1. 2-methoxy-3-isobutyl pyrazme was detected m both hexanic and ethanolic 

extracts (See Fig. 14). 

2. Non-polar fraction (leaching hexane, 1.5% extraction yield): a set of fatty acids, 

in decreasing abundance: palmitic, linoleic, oleic, estearic, and linolenic. Waxes 

were more abundant than the essential oil. Alkaloids were detected by the 

Dragendorff, Mayer and Wagner qualitative tests 155 . 

3. Ethanolic extract (leaching 70% EtOH, 2.17% extraction yield) contained 

palmitic, linoleic, and oleic acids. Alkaloids were detected (tests vide supra) 155 . 

4. Essential oil (EO): eugenol, limonene, linalyl acetate were the main components. 

The EO is thermolabile, and steam distillation was not recommended as an 

extraction method. The reported composition is for the cold leaching method 

(hexane and ethanol) 10 . 

An important feature of the male inflorescences is that they oxidize with air exposure. 

This becomes evident because the flower is beige immediately after husking it, but it 

becomes brownish as it enters in contact with atmospheric air, a process which lasts 

lasts up to seven days until it is fully dark brown. The characteristic aroma also changes 

as the plant material oxidizes, becoming more camphoraceous-type scent. The addition 

of BHA/BHT J may prevent further oxidation if the samples are not processed as soon 

as the bractea is open, or if the essential oil is the targeted fraction 10 . 

The kernel -from which the oil is extracted- composition was evaluated, 

revealing 17% of lipids, with lauric acid the most abundant fatty acid. Other nutrients 

were quantified: minerals 7%, proteins: 4%, fiber: 20%, and carbohydrates: 49%.It is 

not considered a nutritive source of proteins 160 , but it is a source of the lauric acid 

family of fats (Cl4) 161 : lauric 47%, myristic 16%, caprylic 9%, palmitic 8%, oleic 8%, 

JFDA approved as food additives as antioxidants, especially for fats, BHA=butylhydroxyanisol , 
BHT= butylhydroxytoluene 
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and stearic 3%. These fatty acids are metabolic precursors of medium size fatty acids, 

which are considered as high quality, for uses in gourmet cooking oil, and for cosmetic 

products as a valuable ingredient 161 . 

3.1.4 Other Studies 

Microscopic analysis of a male flower revealed numerous vesicles that resemble 

155lipoplasts inside the parenchimatous cells 10, . 

Seed extracts of A. cohune were tested for bioactivity and yielded negative results. 

Aqueous extract supernatant (bicarbonate buffer, pH = 9.0, cold maceration, 24 hrs, 

centrifugated) showed no inhibition of gut protease activity of Spodoptera mauritia 

larvae (a crop plague) 162 . 

The ethnomedicine of Attalea sp. encourage further exploration of bioactive 

compounds, not only for those reported but also for other unexplored species. Mejia 144 

reviewed the folkloric medicinal utilization of palms in Latin America, including the 

genus Attalea. She reported eight palms of the Attalea genus that are utilized for a set 

of particular activities : 

so 
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A. amigdalina H.B. K tuberculosis, strengthening the respiratory tract 

A. excelsa Mart. 

Scheelea martiana Burret insect repellent 

A. insignis (Mart.) Drude 

A. butyraceae (Mu tis ex L. f.) hepatitis 

Wess-Boer 

A. maripa (Aubl.) Mart. hepatitis, antidiarrheal 

A. oleifera erysipelas 

A. princeps (Mart.) Karst. hair conditioner, alopecia (baldness), 

ophthalmias 

A. spectabilis Mart. 

A. insignis antirrheumatic 

A. phalerata Mart. medicinal properties, not specified 

A. cohune Potential Re-purposes 

A. cohune is in the Belizean list for eco-certification of cacao products; wherein the 

company pays the raw material producers for cultivation of endemic species in the 

cacao cultivation area. It has been beneficial for both the local community and the 

environment, despite some of the drawbacks of organic production. Eco-labeling has 

pros and cons, and it is a model that cannot be generalized, but it can be successfully 

installed in specific scenarios such as the cacao trade in Belize 163 . This is one of 

economic benefits that a land-owner can receive from cultivated cohune palm in Belize. 

McSweeney 12 pointed out that A. cohune's traditional utilizations have been declining 

with time, and that perhaps its future utilization could be for breeding stronger coconut 

oil palms varieties, while Roman et al. 160 recognized that this species 1s 

under-exploited, and that apiculture can benefit from the fact that bees are cohune 
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palm's natural pollinators 135 . The characteristic fragrance has also potential for 

commercialization (e.g., aromatic candles, aromatic oil for Catholic ceremonies, 

cleaning products) but the essential oil characterization and extraction process still need 

investigation and innovation 155 . 

The main economic benefit comes from the nut oil extraction, which still has 

hurdles to sort out; however its feasibility has been proven by a Honduran corporation 

becoming an important job source there. As that model expands it is important to note 

that only dominant and co-dominant specimens are expected to produce nuts, but all 

would blossom. The flower is already seasonally commercialized, with the remaining 

blossoms not utilized throughout the year (e.g., in zones where are no nut oil business, 

and the non-dominant palms in exploited forests). Thus, this is an available, pest 

resistant, potentially bioactive raw material. The question is a raw material for what? 

3.2 Bourreria huanita ('Esquisuchil'): Plant Profile of a 

Legendary Tree 

Bourreria huanita is a unique species whose medicinal properties brought together two 

cultures, Mayans and Catholicism from Spanish settlers; its legacy can be further 

expanded by scientific investigation. B. huanita is a species that must be fully 

characterized from different perspectives, including both phytochemical and botanical 

characteristics. The outstanding longevity of this tree reveals a privileged metabolome, 

that mixes with its traditional utilization to yield a legendary species in some 

Mesoamerican countries. A striking feature is that no plagues are known to affect B. 

huanita , including bacteria (see Sec. 4). The infusion of the dried flowers has 

anti-depressant and anxiolytic effects. Indeed, the psychopharmacological profile of 

the ethanolic extract and one of its isolated compounds is quite interesting; since it does 

not show the usual secondary effects as other anxiolytic drugs, for example as 
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benzodiazepines do. The mechanism of action has not yet been elucidated, but a 

proposal derived from this literature review is presented later in this study (see Sec. 

3.2.4.1). Further research on this species is needed not only for a better understanding 

of a sacred rainforest tree, but also because new chemical entities and genetic resources 

are almost assured to be found. 

3.2.1 Botanical Description and Geographical Distribution 

The taxonomical classification of B. huanita is given below 119,120 . The fact that there are 

at least thirteen synonyms for the scientific name of this species might be related to its 

morphological variations as well as its existence in different countries before the online 

database technology was available. Indeed, there is discussion among botanists if the 

species evolved to different varieties or even to different species. Certainly, differences 

in the flower may lead to the latter. From pre-Hispanic times, the Aztecs - in Mexico 

- called it the 'popcorn flower' and used it as spice for cacao drink. However, the 

specimen found in Guatemala does not resemble it, (the flower is larger; see Fig. 15). It 

is probably that especiation occurred since then, potentially yielding at least two species 

located in different biogeographies: South Mexico, and the Central area of Guatemala. 

Probably a third species can be found in El Salvador (See Fig. 15) 164 . 
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Kingdom 119,120 

Division 120 

Subdivision 120 

Class 120 

Superorder 120 

Order 120 

Family 13,165,166 

Subfamily 120,165,166 

Genus 120,120,166 

Specie 13,166 

Synonymsll9,167 

Common names 116,167 

Plantae (Plants) 

Tracheophyta (Vascular plants) 

Spermatophytina (Seed plants) 

Magnoliopsida 

Asteranae 

Boraginales 

Boraginaceae 

Ehretiaceae 

Bourreria (Strong bark) 

Bourreria huanita (Llave and Lex.) Hemsl. 

B. formosa Hemsl., B. grandifiora Bertol. Fl., 

B. guatemalensis B. acimoides, 

Crematomia formosa, C. grandifiora, C. 

guatemalensis, C. huanita 

Ehretia formosa, E. formosa var. oaxacana, E. 

guatimalensis 

Morelosiaformosa, M. grandifiora, M. huanita 

Esquisuchil, arbol del Santo Hermano Pedro 

Jazmin del Itsmo, popcorn flower, esquinsucha, 

esquinsuchil, oreja de leon 168 

palo de rosa, rosa blanca 122 

The plant shows morphological variability (see Fig. 15), having the following 

botanical features: 
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Leaves and The leaves and trunk tree are glabrous. Oblong leaves, 

Stems: 167 apice acumminated, entire margins, 1-9 lateral nerves. 

169Flowers: 167 , Fragant, blossom frequently but not seasonally, sesil or 

with a pedicel [l - 6] cm of length, campanulate chalice 

of [6 - 8] mm oflength with five triangulated lobules of 

1.2 mm of length, white tubular corola 2 cm of length, 

limb 2 cm of length, long ovoid stem that once dried are 

17 mm of length. 

Height of an adult [8 - 15] m. 

specimen: 116 

Native Rainforests, altitude [0- 2100]m, mostly at [900 - 1200] 

ecosystem: 116 m. 

167Distribution: 116 , Central area of Mexico, Guatemala K , Honduras, El 

Salvador and in the North border of Nicaragua. 

167It has also been reported down in Costa Rica 13 , , see 

Fig. 15. 

170Propagation: 167 , Difficult propagation, achievable only by root shoots, but 

not by seeds. 

Symbiotic Symbiosis with fungi Phyllacora sp 

relationship 164 : 

Plagues known: None reported 
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a) B. huanita Botanical ilustration b) B. huanita Geographic Distribution 

c) M orphological variations and specimen utilized in this study 

Variet ies 
(location) At St. Miguel Escobar Saint Peter of Betancurt From other locations 

Flower 'Popcorn' 'large flower' ·small flower' 
Reproduction Root shoot Seed 

(Utilized in this study) 

Botanical differrences analyzed by Ora. Ma. Goreti Campos (CICY) 
specialist in the Bourreria genus. and Ora. Elfriede Poll (H-UVG) 
Guatemalan ethnobotanv specialist. 

Figure 15 : Botanical description and geographical distribution of B. huanita . a) 

Botanical description b) Geographical distribution. Mesoamerican region: Mexico, 

Guatemala, Honduras, El Salvador and Costa Rica. In Guatemala: Alta Verapaz, 
167El Quiche, Izabal, Jutiapa, Quetzaltenango, Sacatepequez 116, . c) Morphological 

variations and specimen utilized in this study. The botanical differences were evaluated 

by specialists interviewed by Torres 164 . CICY = Herbarium CICY, Unit of Natural Resources, 

Scientific Research Center of Yucatan; H-UVG =Herbarium, Del Valle of Guatemala University. 



Comments: 116,164 A particularly rare variety has large flowers. 

It has medicinal properties. 

The tree has very resistant wood. 

The species is difficult to propagate; root shoot stems 

propagation by experts have been achieved. 

Few reports of specimens in the wild. An individual has 

been estimated to be 300 years old 116 . 

There are about 200 specimens derived from this old 

individual, 

and flowers are harvested, dried, and sold in a quite 

restricted manner. 

The National Council for Protected Areas (Guatemala) 

regulates its trade, the species can be used only for 

scientific reasons and for propagation. 

3.2.2 Traditional Utilization 

The most common and ancient traditional utilization of B. huanita is as a tranquilizer L 

made with an infusion of dried flowers that helps to cure several diseases in Guatemala 

167and Mexico 13, (See Fig. 16). In the town of Antigua Guatemala, it is also 

recommended to treat chest pain, tachycardia, high blood pressure, respiratory tract 

related diseases, gastrointestinal infections, 167 ulcers, certain mild skin diseases and as 

antiseptic (eye drops) 172 . 

It is also sociologically important in the Mesoamerican region. This tree is highly 

appreciated by different cultures in Mesoamerica due to its medicinal properties, beauty, 

and religious significance. B. huanita is an endemic species, that was worshiped by the 

LFor example, it was reported to be used, at least since 1552, to treat ' the fatigue of whom 
administrates the republic and performs a public charge ', by the Aztec physician Martin De La Cruz 
in the first medical book that was written in the Americas 13•17 1 . 
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Mayan and Aztec cultures in the pre-Hispanic period M_ Pollen of its flowers of was used 

in Mayan ancestral rituals N. They flavored the sacred cacao drink with the flowers 122 . 

As the Catholic religion started to emerge in the region, the tree was commonly planted 

in front of churches; it has been suggested that it was a means to attract potential new 

members from the Mayan community 13 . To date, in Guatemala, there remains only one 

of such examples, a famous regional specimen 300 years old - which still profusely 

blossoms three times per year in the Calvary Church (Antigua Guatemala; see Fig. 15) 

and it has been declared part of the National Cultural Heritage in Guatemala 13,116). It is 

also designated as a Catholic relic by the Vatican, because according to historical records 

it was planted by St. Peter de Betancur (See Fig. 16). Another specimen is found in front 

of the San Francisco church in Antigua Guatemala, close to the Saint's tomb 173 0 . The 

only part of the tree that is harvested are the flowers, which are collected, dried and 

packed to be sold in a non-profit store. 

'The most mysterious tree from El Salvador' has been a name for B. huanita in 

that country. Also, the Guatemalan town of Esquipulas (derived from the B. huanita 

common name Esquisuchil) was named in recognition of the importance of this tree for 

the Catholic community there 170 . 

Since the colonial period, several factors have led to a reduced population: 

deforestation and diminished cultivation, together with the difficult in-house 

reproduction. B. huanita is on the red list of endangered plants in Guatemala. After the 

re-discovery that the tree reproduces via root-buds, around 200 specimens derived 

from the individual at the San Francisco church, have been planted in Antigua 

Guatemala. 

M Aztecs called it popcorn flower, a word of the Nahuatl language that evolved into 'esquisuchil ' . 
NThe pollen was found in a royal tomb of the Mayan Classical Period in Copan, Honduras, and in the 

floor of the Rosalila Temple. 
0 saint Peter of Saint Joseph de Betancur y Gonzalez, born in Tenerife, Spain 1626. He founded the 

Bethlernite Brothers in Guatemala, and several miracles have been attributed to him. In 2002, he was 
declared Saint by the Catholic Pope John Paul II. 
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St. Pet,er of ,B,etancourt 
By Manollo Gal lardo 

'I' a ... tr •·.. ., 

Recommended in 1552 
(De La Cruz) for 
'the fatigue of whom 
administrates the 
republic and· performs 
a public charge~ 

Figure 16: Traditional utilization of B. huanita in the Mesoamerican region. Traditional utilization. For example, the report by the Aztec 

116 171physician Martin De La Cruz in the first medical book that was written in the Americas (Badiano Codex) 13, , . Photos of the plants 

courtesy of Miguel Torres. The original artwork 'Santo Hermano Pedro de Betancur, el Santo de Guatemala' by Manolo Gallardo is in 

the Sacristy of the Cathedral, Guatemala city; photo taken from author's website and reproduced with his authorization 175 . 
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Figure 17: Phytochemical studies of B. huanita . Psychopharmacological profile. Observe the differences between the activities of 

the crude extract and one of its isolated components pHBA. The secondary effects on memory of pHBA needs further exploration, to 

determine if the crude extract can enhance memory 13 HAEBh = Hydroalcoholic extract of B. huanita , pHBA = p-hydroxybenzoic acid, FST = Forced 

Swimming Test, TST = Tail Suspension Test, EPM = Elevated Plus Maze, 1AM = Inhibitory avoidance test, OFT= Open Field Test. 



3.2.3 Phytochemical Studies 

B. huanita attracted the interest of two research groups, from Brazil and 

167 174Guatemala 13, , , that have been collaborating mainly to validate the medicinal 

properties attributed to this unique tree. They have determined the secondary 

metabolite families present in the polar extract, isolated one component, established the 

psychopharmacological profile of both, and performed antimicrobial bioassays; their 

results are briefly described. 

Phytochemical screening 

Secondary metabolites were fractionated by the polarity gradient method (the fraction 

obtained with 50%-ethanolic solvent had the highest yield 38% ), finding alkaloids, 

saponins, steroids, triterpenoids, flavonoids, anthocyanines, coumarins, tannins, and 

174essential oils 167, . Alkaloids were detected in the hexanic, chloroformic, and 

ethanolic fraction 167,174; which might imply that the extract contained alkaloids with 

different polarities due to differences in the genin molecular structure or the 

glycosylation degree. The major constituent of the essential oil is farnesyl ketone, a 

food flavoring agent 167 . This composition may explain its usage for flavoring the cacao 

beverage in Mayan communities. 

A small molecule was isolated from the non-polar fractionation of the crude 

HAE-Bh: p-hydroxybenzoic acid (pHBA 0.24% extraction yield), which was also 

subject of antidepressant bioassays (see below). The polarity gradient solvents were: 

hexane, ethyl acetate, and butanol; the ethyl acetate fraction was further purified by 

silica gel column chromatography with hexane/dichloromethane/acetone/methanol 

(3 :4: 1.5 : 1.5). Eight fractions were obtained, in the second fraction a precipitated was 

observed, further washed with chloroform, and identified as pHBA by proton and 

carbon NMR, and verified by comparison with pHBA standard 13 . 
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Bioactivity screening 

The psychopharmacological profile of the hydroalcoholic extract of B. huanita flowers 

(HAE-Bh) was determined in mice P , proving that such an extract had antidepressant, 

anxiolytic, hypnotic, and sedative activities, and that one of its components, 

p-hydroxybenzoic acid (pHBA) has only antidepressant activity. The oral dosages were 

[ 100 - 300] mg crude extract/kg and 10 mg pHBA/kg ( considered similar to the 

expected dosage in the HAE-Bh, but no pHBA was quantified in the tested extract). An 

interesting finding was that it does not alter the motor performance nor memory of the 

mice used as the animal model (see Fig. 17). The importance of this outcome, in the 

context of drug discovery, is that usually an anxiolytic drug affects the memory, and 

other cognitive and motor activities, e.g., benzodiazepines. They concluded that 

HAE-Bh may be involved in either the regulation of sleep (prolonged time) or in the 

inhibition of pentobarbital metabolism (or both). At the same time, HAE-Bh did not 

interfere with the mice's motor system, thus not in the dopaminergic neurotransmission 

of the central nervous system, which is related to schizophrenia, a mental disorder. The 

HAE-Bh's components-but not the pHBA individually tested-showed an anxiolytic 

effect, and this outcome is probably mediated by the the GABA-ergic system (gamma 

aminobutyric acid, GABA) 13 . 

The results from the studies by Holzmann et al. have several implications for natural 

products drug discovery (NPDD). Firstly, it is necessary to identify other psychoactive 

compounds, not only to explain the anxiolytic, hypnotic, and sedative bioactivity of this 

extract, but also because it holds the promise to find a new chemical entity as a drug hit. 

Secondly, structural considerations regarding the drugs' ability to cross the blood brain 

barrier (BBB) and their participation in other metabolic processes outside of the brain, 

but that affect the brain's state, can be investigated. 

The hydroalcoholic extract of the dried flowers (HAE-Bh) have shown the following 

PA collaborative work of Guatemala and Brazil 13 . 
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bioactivities, (besides the already mentioned): 

• antibiotic activity against Escherichia coli (MIC 0.5 mg/mL, extraction solvent 

50% EtOH - water ) 167 , 

• growth inhibition of the causal agents of subcutaneous mycoses : Sporothrix 

schenckii (MIC 12.5 µg/mL), Fonsecaea pedrosi (MIC 25 µg/mL), in both cases 

the extraction solvent was 35% EtOH- water 172 . 

The HAE-Bh of the dried flowers was tested and no antimicrobiological activity 

was detected for the following strains : 

• antibiotic activity against Staphylococcus aureus ATCC 25923, Salmonella typhi 

ATCC 14028, Mycobacterium smegmatis ATCC 607, Bacillus subtilis ATCC 

6051, and Pseudomonas aeruginosa ATCC 27853, extraction solvent 50% EtOH 

- water 167 · 
' 

• fungicide activity against the yeasts: Candida albicans ATCC 10231 and 

Cryptococcus neoformans C13, extraction solvent 50% EtOH - water 167 . 

• fungicide activity against the dermatophyites Sporothrix schenckii, Fonsecaea 

pedrosi tests performed with two different extracts, one was obtained from the 

defatted plant material, extraction solvent 95 % EtOH. 174 The second was 

obtained from non-de-fatted nor treated plant material, extraction solvent 50% 

EtOH - water, 167 Aspergillus fiavus, Trichophyton rubrum extraction solvent 

50% EtOH- water 167,176 . 

HAE-Bh was non-cytotoxic and non-larvicide against Artemia salina at more than 

200 mg/mL, extraction solvent 50% EtOH- water 167 ; 

The ethanolic extract of the branches showed antitrypanosomal activity, specific to 

177Tripanosoma cruzi (Tulahuen clone C4), ICso= 6µg/mL 13, . 
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3.2.4 Other Studies 

The Boraginaceae family is known to be rich in bioactive secondary metabolites and 

179several species are utilized in traditional medicine around the globe 178, . For example, 

Echium amoenum (common name: Iranian Borage) has antibacterial activity against 

clinical isolates of Acinetobacter baumanii and Staphylococcus aureus; a preparation of 

that plant is also used as antidepressant and anxiolytic treatments, these effects have been 

validated in animal models 180 . From the species phytochemically characterized, usually 

their members contain pyrrolizidine alkaloids -with activities ranging from mutagenic, 

teratogenic, carcinogenic, hepatotoxic, to antimicrobial: anti-tripanocidal, and antiviral 

182against poliomyelitis and measles 181, . The genus Bourreria has not had any reports 

regarding alkaloidal composition. However, scarce phytochemical reports were found 

for plants of the genus Bourreria, e.g., Scifinder retrieved 15 articles with Bourreria as 

keyword in the search, and only five had information regarding composition, from which 

two are related to B. huanita (which are briefly described in the previous section). The 

natural products (NPs) investigations of the two species are: a) The ethanolic extract 

from leaves of Bourreria spathulata (Miers) Hemsl. was active against malaria 183 . b) 

The total synthesis of two anti-protozoa! benzochromenes, previously isolated from the 

186ethanolic extract from the roots of Bourreria pulchra, was achieved 184- . 

3.2.4.1 A Brief Discussion of the Potential Targets of p-Hydroxy Benzoic Acid 

(pHBA) and Its Psychoactive Activity 

Holzmann et al 13 proved that pHBA is a psicoactive, antidepressant compound. Its 

antidepressant mechanism of action does not involve the dopaminergic signaling routes. 

At the same time the authors suggested that the activity might be mediated by the 

gamma-aminobutyric acid (GABA) route. In the following paragraphs those results 

are further analyzed utilizing the protein data bank's ligand search service. Those 

results led to a set of enzymatic, metabolic, and neurobiological reports, some of which 
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are incorporated into this discussion in which it is developed a hypothesis of the 

potential mechanism of action of pHBA as an non-hypnotic antidepressant. The herein 

proposed hypothesis is: the antidepressant activity ofpHBA is due to an indirect effect 

on the brain's neurons related to carbonic anhydrase( CA). pHBA inhibits the carbonic 

anhydrase, inducing a reversible acidosis. This change is detected by the pH-sensors in 

the brain, triggering a mood and behavioral change, in order to re-establish the body's 

homeostasis. pHBA would inhibit the CA isoform present in the bloodstream, and also 

the isoform expressed in the brain if and only ifpHBA crosses BBB through some type 

of carrier mechanism. The analysis starts with structural considerations regarding the 

drug's ability to cross the blood brain barrier (BBB), its potential mimetism with a 

transporter's ligand, and finally how the pHBA participation in other metabolic 

processes outside of the brain, can affect the brain's state. 

The BBB can be crossed in several ways, the most relevant for small molecules drugs 

are: via a specific carrier e.g., GABA receptors, facilitated diffusion, or transmembrane 

diffusion 187 e.g., L-DOPA receptors, insulin receptor, heroin, respectively 188 . For the 

molecule to diffuse through the BBB, it should have several features : a MM :s; 400 Da, 

and form less than eight hydrogen bonds, holding no charge, among others 188 . The 

isolated compound pHBA (MM 138.12), has a pKa of about 4.5, the physiological pH is 

7.8 in healthy conditions, and variations are at the decimal figures. The ionization state 

of pHBA at 7.8 would be deprotonated benzoate form, thus not able to cross the BBB 

by transmembrane diffusion. 

pHBA is a mild inhibitor of carbonic anhydrase (Ki= 10.6 µM range) 189 . Q It is an 

'indirect' inhibitor; the pHBA interacts with the nucleophilic structural water; instead 

of the traditional mechanism of action, in which the inhibitor binds directly to the metal 

center of the enzyme 189 . 

Qcarbonic anhydrase (CA) is quite abundant, playing a key role on the homeostasis by participating 
in: the respiration gaseous exchange process, modulating intra and extracellular pH, and transmembrane 
ion exchange. It catalyzes the conversion of carbon dioxide and water to carbonate and protons. 
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In the experiment by Holzmann et al. 13 , pHBA was administrated intravenously via 

at a concentration of lOm/kg, which yields an inhibitory concentration in the mice's 

bloodstream (e.g., 1.24 mM) R_ The inhibition of the bloodstream-carbonic anhydrase 

yields a reversible blood acidification that can be related to the antidepressant activity 

of pHBA. The pH dropping down (even if it is only at hundredths of pH units) 

translates in more H + available in the bloodstream, which can be detected by the 

pH-sensitive sensors that are distributed in the organism. These chemosensors are 

widely distributed in the brain, and they can activate specific neurotransmitter signaling 

pathways to alter the mood and the individual's conduct to re-stabilize the body's 

homeostasis. For example, neuroimaging studies have shown that the areas of the brain 

responsible for panic are enriched with this type of receptors. Panic disorders have been 

193correlated to an acid-base imbalance and the chemosensory system in the brain 192, . 

So, alterations in the bloodstream's pH can yield changes in the neuronal internal pH 

(ipH), by its effect on pH-coupled-ion-channels. It is the ipH that can trigger specific 

signaling pathways, e.g., serotonin receptors, glutamate receptors, and catecholamine 

receptors s. 

RCA Ki = 10.6µM , Vaverage = 58.SmLblood/ Kgmice,Maverage = lOgmice. 

l g lmolpHBA 1 lO00mL 
O.lmgpHBA * 1000mg * 138.121gpHBA * 0.585mLblood * IL = O.OOl 2376molpHA / L (3.l) 

Average values were taken from the National Centre for the Replacement Refinement and Reduction 
of Animals in Research 190 . Bloodstream concentrations might be lower due to cellular absorption and 
metabolic transformation to its sulfonate conjugates. 19 1 

s A potential future experiment could be to determine which components-if any-from the B. huanita 
extract, interact with different isoforms of the enzyme carbonic anhydrase, including tests for pHBA. A 
technique that might be useful for this test is the direct affinity screening using electrospray ionization 
Fourier transform ion cyclotron resonance mass spectrometry 194 . 
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3.3 Dysphania ambrosioides ('Apazote'): Plant Profile of 

a Medicinal Spice and an Ecological Opportunistic 

Organism 

D. ambrosioides is utilized in folk medicine of many cultures around the globe (e.g., 

Mayan, Peruvian, Indian, Chinese, Moroccan, Egyptian cultures), and also has a 

privileged space as food spice in Latin America. This ecological opportunist plant is 

endemic of Central America, but has been so successfully introduced worldwide that in 

some countries it is considered a weed to avoid in crop cultivation. It has such a 

metabolic richness that not only includes its famous vermifugue, antihelmintic and 

anti-protozoa! activities, but also a wide variety of bioactivities that have been screened 

(Secs. 3.3.2, 3.3.3 and 3.3.4). The majority of those studies aimed at generating 

evidence-based complementary and alternative medicinal utilization in developing 

countries. Its potential as an antibiotic, antimycotic, antimalarial, hypotensive, aid in 

the treatment of osteoporosis, and steel corrosion protectant, among other properties 

have been reported. The essential oil of D. ambrosioides (EO-Da) is the most 

chemically studied of its extracts, and in the past was commercialized as the 'Baltimore 

oil' to treat worms. EO-Da overdose is fatal, a secondary effect due to the 

endoperoxide ascaridole -which is actually is the active principle. In the midst of the 

D. ambrosioides screenings, a keen study analyzed the ascaridole-free-aqueous extract, 

and found that it is bioactive against worms, suggesting that it contains vermifugue 

hydrophillic compounds too. Alkaloids have been consistently detected in polar 

extracts, but no structural characterization was found in this literature review. Further 

exploration of the D. ambrosioides chemical components, beyond the essential oil, 

might yield not only a better understanding of the extract's mechanism of action, but 

also new chemical entities to enrich the natural products chemical space, as well as 
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enhanced bioactivities of certain fractions and some bioinspiration in the drug design 

field. 
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3.3.1 Botanical Description 

120The taxonomical classification of D. ambrosioides is given below 119, . 

The two most frequently found synonyms for D. ambrosioides are indicated with * 

after the name; all the other scientific names are alphabetical, listed by genus. 
120Kingdom 119, Plantae (Plants) 

Division 120 Tracheophyta (Vascular plants) 

Subdivision 195 Spermatophyta (Seed plants) 

Class 120 Magnoliopsida (Flowering plants, dicotyledons) 

Order 120 Caryophyllales 

Family 165 Amaranthaceae 

120 165Subfamily 119, , ,19t:henopodiaceae (Goosefoot family) 

Genus 120,195 Dysphania R. Br. 

Specie 119,120 Dysphania ambrosioides (L.) Mosyakin and Clemants 

Chenopodium ambrosioides (L.) W. A. Weber,*
195Synonyms 119, 

Teloxys ambrosioides, * 

Ambrina ambrosioides, and var. anthelmintica, A. 

anthelmintica, A. incisa, A. parvula, A. spathulata, 

Atriplex ambrosioides, and f. minus, A. anthelmintica, 

Blitum ambrosioides, Botrys ambrosioides, Botrys 

an the lmintica, 

C. album, C. amboanum, C. ambrosioides vars. 

angustifolium, anthelminticum, chilense, comosum, 

costei, dentatum, integrifolium, minus, obovatum, 

pinnatifidum, pubescens, querciforme, rotundatum, 

spathulatum, suffruticosum, typicum, vagans and the ssp. 

euambrosioides, 
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Synonyms cont. C. angustifolium, C. anthelminticum and vars. glabratum, 

hastatum, subhirsutum, C. citriodorum, C. cuenifolium, 

integrifolium subsp. ramosissimum, C. opulifolium subsp. 

amboanum, 

C. querciforme and the var. minus, C. retusum, C. 

sancta-maria, C. santamaria, C. spathulatum and vars. 

angustifolium, platyphyllum, C. suffruticosum, vagans, 

variegatum, Dysphania anthelmintica, 0rthosporum 

ambrosioides, 0. anthelminticum, 0. suffruticosum, 

Roubieva anthelmintica, Teloxys vagans, Vulvaria 

ambrosioides 

196Wormseed 122, , Epazote 122 , Apazote, Sicaj 167 , Mexican
Common names 

tea 195 , gobrabhang, American wormseed, bluebush, Indian 

goosefoot, Jerusalem tea, Spanish tea 196 , paico 197 , 

Mkhinza 198 

The following partial botanical description of this 'weed' emphasizes D. 

ambrosioides features that have led to the variety of applications and explores of other 

potential uses that may represent opportunities for resumption of industrial exploitation 

of the species. 

The Missouri Botanical Garden Database 199 locates the genus Dysphania in three 

continents. It is reported as endemic in Mesoamerica, China and Australia. The species 

D. ambrosioides (analyzed in this study) and D. graveolens are found in the American 

continent, but D. ambrosioides have been successfully introduced worldwide (see Fig. 

18) T_ 

TWhile other species are highly localized, e.g., D. glomulifera subsp. eremaea Paul G. Wilson is 
found in Australia, and D. schraderiana (Schult.) Mosyakin and Clemants, in China 199 . 
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Adaptability: 

Leaves, flowers, 

and seeds: 

Height of adult 

specimen: 

Native ecosystem: 

Distribution 

Endemic: 

Introduced: 

Propagation: 

Aromatic annual, perennial forb, with camphoraceours 

201characteristic odor200, . Relatively long vegetative 

phase. Wide range of cytological and genetic 

203variability 202, . 

Leaves are elongated, lanceolate, sinuate dentate. The 

flowers are panniculated spikes, greenish; in some cases 

they tum purplish 204 . The essential oil is stored in the 

bladder trichromes, in the leaf surface. They are also 

in the flower's ovary. 202 . The calyx encloses the fruit. 

Seeds are black of about 0.8 mm long 204 . 

Up to one meter204 . 

Rainforests, altitude [0- 2100]m, mostly at [900- 1200] 

m200 . Highly adaptable to different edaphic conditions, 

203stress-tolerant e.g., climatic and biotic factors 202, . 

From central Mexico to the North border of 

205Nicaragua200, . 

Argentina 206 , Brazil45 , United States, 202 Southern 

207
Provinces of China 45 Japan 202 India202, Nigeria 208 

' ' ' ' 

Egypt202, Morocco 204 , East Mediterranean lands 209 , 

Slovakia202 . 

Seed propagation. Annual plant. Ability for long 

201distance dispersion 200, . 
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Dysphania ambrosioides Distribution World Map 
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Figure 18: Botanical description and geographical distribution of D. ambrosioides . a) 

Botanical description. Images under the Creative Commons License, taken from: Online Virtual Flora of Wisconsin. 

2017. http//:wisflora.herbarium.wisc.edu, Accessed on July 17, Authors credited in the photo, and from https://plants.usda.gov/ 2 10 

b) Geographical distribution. World map from Google Maps 2017. Locations according 

112 121to endemic and bioactivity reports. 45 , , ,200,202,204-209. 
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203Symbiotic It exerts allelopathic effects on competing species 202, . 

relationship: 

203Plagues known: High disease resistance, not eaten by herbivores 202, . 

Comments: It can be obtained by collection in the wild, cultivars, 

or in the local markets 200 where is sold as aromatic and 

medicinal herb 45 . 

Adaptable plant that can be considered an 'ecological 

opportunist' 202 . 

It can be found in the road sides, interspersed in com 

plantations, as stubble growths 200 . In Egypt it is 

considered as an invasive weed 202 . 

It is cultivated by families in their in-house gardens, 

especially in the rural areas 20°. 

3.3.2 Traditional Utilization 

D. ambrosioides is ubiquitously utilized, especially in rural communities. The 

applications have been divided into three main categories: edible parts, folk medicine, 

and commercialization at an industrial level. 

Edible Parts 

D. ambrosioides leaves are an appreciated condiment in America. 202 Native American 

212peoples utilized different parts of Chenopodium sp. as food 211 , : the seeds are ground 

and cooked as marbles, bread, and dumplings; the leaves are used as greens. The Navajo 

chopped the 'goosefoot' plant, and applied it to the face and arms as fly and mosquito 

repellent213 . D. ambrosioides was utilized as food spice by Mayan and Mesoamerican 

populations 122 , and still today is added to beans and other dishes in Latin America as 

both flavoring agent and to prevent flatulence 214 . 
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Folk Medicine 

In Guatemalan rural areas, in different ethnographic zones, the leaves and stems of D. 

ambrosioides are one of the medicinal plants that are most frequently utilized, attributed 

to healing at least 14 different conditions 200 u. They are recommended for the treatment 

of intestinal parasites (especially worms or 'lombrices' in Spanish), diarrhea, stomach 

pain, vomiting, headache, allergies, hives, open injuries, rheumatic pain, cramps, back 

pain, body pain, stroke, to warm up the body, and as an additive in the after-giving-birth 

bath for the women 200 . It is administered either orally as a juice or cooked, or as a 

poultice200 . 

D. ambrosioides extracts are administered as abortifacients in New Mexico. 215 ,216 

They have been also utilized in Chinese45 and in Moroccan traditional medicine 204 . In 

the latter, D. ambrosioides is recommended for the treatment of: diabetes, hypertension, 

pneumonia, anthelmintic, gastrointestinal tract diseases, and typhoid, and also as an 

antispasmodic, antiasthmatic, digestive and emmenagogue (to stimulate menstruation) 

medication 204 . 

Commercial Applications 

Commercial utilization includes as an aromatic component in perfumery 202 . In the 19th 

century, the EO-Da from aerial parts was commercialized as the 'Baltimore oil', an 

anthelmintic; with ascaridole was the active ingredient (the product contained 2 50%). 

An overdose of the 'Baltimore oil' is fatal, while the ingestion of D. ambrosioides 

infusion has not been reported to cause even poisoning. As other medications emerged 

with less severe overdoses, the EO-Da fell into disuse. Indeed, ascaridole overdosage 

effects are: full inhibition of the duodenum contractions, reduction of heart 

contractions, hypotension, reduction of respiratory frequency, hypothermia, decreased 

locomotor activity, and death 215 . 

uThe descriptions of the diseases are translated from what is vox populi in the rural communities. 
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Dysphania ambrosioides essential oil main components and variation across the world 

~ t 
)(China 

Mexico Mexico 

Brazil Brazil 

India )( 

Nigeriai )( 

(Z)•ascaridole East Mediterranean (E) ascarido e x 

ChinaChina X 
XX X 
XX X 
XX India ~ 2 2 Nigeria 

1soascar dole Ea~t Mediterranean H-lerpinene Ea~t Mediterranean p-cymene East MediterrarH~drl 
X Nigeria 

Endopemxide. Biopesticide, ant ihelmintic. 
Plant's phenology state was no specified in all ca ses . 

Figure 19: Composition of the essential oils of D. ambrosioides from different regions of the world. Essential oil main components. 

Figure prepared based on several reports 207,209 . 



3.3.3 Phytochemical Studies 

The essential oil of D. ambrosioides (EO-Da) is the extract that is well characterized 

regarding its composition and bioactivities. Polar extracts composition studies have been 

limited to detect which families of secondary metabolites are present (Sec. 3.3.3, see 

Fig. 19). The reports of bioactivity and validation of the folk medicinal utilization of the 

hydrophilic extract are more abundant (Sec. 3.3.3). 

Phytochemical Screening 

2091. Ascaridole is the most studied component45, . Usually EO-Da is obtained from 

leaves, but its highest content has been found in the seeds 202 ; the concentration 

of this endoperoxide varies across the globe (see Fig. 19). It is soluble in non

polar solvents for its monoterpenoidal skeleton, but also has been extracted in 

lesser concentrations by polar solvents such as water (as traditionally utilized) and 

methanol 202 . 

2. Reported extraction yields: EO-Da 0.2% 198 . Polar extracts: 2% crude aqueous 

extract obtained by boiling method, polarity gradient soxhlet extracts: 0.6% 

petroleum ether, 1.32% MeCli, 11.95% MeOH, 5.07%water204 . 

3. Leaf aqueous extract: 

• Cold percolation method: needle crystals in sublimable matter v, glycosides, 

sterols and triterpenes, free and combined flavonoids, alkaloids (1.56 % w/w 

alkaloids/crude extract). 202 

• Aerial parts (extraction according to each secondary metabolite family): 

alkaloids, tannins, saponins, flavonoids, terpenes, esterols, cardenolide 

vYellowish needle crystals were also experimentally observed, it was a non--0rganic compound, see 
chapter 3. 
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aglycone, volatile oils, and carbohydrates. Proximal analysis: total ashes 

15%, water 11 %217 . 

4. Non-specified conditions: 218monoterpenes 202 , , triterpenes 218 , alkaloids, 

saponms, flavonol 218glycosides, 202 , 218gallotannins 204 , , phenolics, 

219ecdysteroids 218 , . 

5. Flavonoids detected: sorhamnetin, quercetin, kaempferol (Kpf) and its glycosidic 

derivatives : Kpf-3-rhamnoside-4' -xy lo side, Kpf-3-rhamnoside-7-xy lo side, 

Kpf-3,7-dirhamnoside 204 . 

Bioassay Screening 

In general, tested bioactivities target the validation of the medicinal properties of the 

leaves infusion. The bioactivities screened can be classified as: antimicrobial, 

antihelminthic, vermifugue and biopesticides, which are being intensively explored, 

and a set of miscellaneous activities that are starting to receive attention. The extraction 

method is given, and the country of collection is indicated in parentheses. Following 

are the reported exploitable bioactivities and in Sec. 3.3.4 are briefly listed scientific 

studies that yielded -what can be called- negative results, as well as exploration of 

non-pharmaceutical related applications. 

• Antimicrobial activities: (One of this study's aims is related to this plant's 

adjuvant potential) 

- Extract's antimicrobial activity: the leaf extract was active against 

susceptible MDR strains of Mycobacterium tuberculosum 218,219 . The 

extract of aerial parts including seeds (polarity gradient maceration, hexane 

and MeCh) inhibited the growth of C. krusei (MIC 100 µg/mL) 220 . The 

roots' extract (MeOH crude extract, hexanic fraction) showed moderate 
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activity against A. niger221 ; The endoperoxide ascaridole (EO-Da main 

component) has anti-protozoa! activity; it inhibited the growth of mastigots 

of Plasmodium falciparum w Ascaridole has amoebicidal activity, as 

well. 222 

- Synergistic effects: As the extracts were administered in combination with 

antimicrobials (see Sec. 4.2), the results are listed in the following order: 

strain, antimicrobials tested, and the reduction factor of the antibiotic MIC: 

Micrococcus luteus, cefixime, ciprofloxacin, kanamycin, 8 fold each; 

Bacillus cereus, cirprofloxacin, 8 fold : Candida krusei, fluconazole, 32 

fold, C. parapsilosis, fluconazole, 16 fold 198 . 

- Additive effects: As the extracts were administered in combination with 

antimicrobials (see Sec. 4.2), the results are listed in the following order: 

strain, and theantimicrobials tested: C. albicans, fluconazol; S. aureus, K. 

pneumoniae, P aeruginosa, cefixime, ciprofloxacin, kanamycin; B. cereus, 

ciprofloxacin, kanamycin 198 . 

223• Anthelmintic and vermifugue: 202, EO-Da is active against intestinal 

parasites such as schistostomiasis. The active component is ascaridole, of which 

genotoxicity is reduced if the plant extract is administered instead of the pure 

compound 206 . Almost all the reports related this bioactivity to ascaridole, an 

essential oil component. MacDonald et al. 215 found that the ascaridole-free 

extract immobilizes and kills the intestinal worm Caenorhabditis elegans at the 

same ascaridole-containing-extract concentration but did not show the adverse 

secondary effects (see Sec. 3.3.2). Ascaridole was removed by hexanic partition 

of the D. ambrosioides infusion; the plant material included leaves, fruit and 

flowers. The researchers proposed that the traditional utilization as an infusion 

wOne of the states of the malarial causal agent, the ascaridole act1v1ty was attributed to the 
endoperoxide scaffold, which is also present in Arte misin 215 the most potent antimalarial up to date 55•56 . 
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reduces ascaridole content, and that the observed effect is caused by a more 

hydrophilic compound. 

• Biopesticide activity: especially the essential oil (EO-Da) extracted from the 

leaves and its main components have shown insecticidal and repellent 

activities 202 . The EO-Da (plant collected in China) was benchmarked against its 

main components ascaridole, isoascaridole and p-cymene, showing fumigant 

toxicity against cockroaches Blattella germanica and lice Pediculus 

vermiculatus45 (see Fig. 3.3.3). The ground leaves (plant collected in China) 

are recommended as a grain protectant against the pulse beetle C. maculatus F.; it 

can reduce insect oviposition besides its insecticidal effects 224 . Soap prepared 

with EO-Da (plant collected in Cameroon, EO obtained by hydrodistillation) 

showed acaricidal (anti-mites) activity 225 . Antifungal activity has been shown 

against Botrytis cinerea targeting post-harvest management in roses (a Brazilian 

tissue cultured, EO obtained by steam distillation, and the hydrolate was further 

partitioned with MeC!i). EO-Da inhibited both mycelial growth and spores 

germination, and is recommended for other pathogens that cause petal 

discoloration 226 . Ascaridole is phytotoxic and has allelochemical properties 202 . 

The root extracts are phytotoxic, inhibited germination and seeding of two 

agricultural gramineous weeds Echinochloa crus-galli and Phalaris minor201 . 

• Cytotoxicity to mammalian cells: EO-Da (plant collected in Peru, EO obtained 

by vapor infusion of the leaves with no further partitioning) was classified as non

toxic, its ICS0 =245 µg/mL (the ICS0 concentration threshold is 100 µg/mL) 197 . 

• Active in preserving bone structure: the ethanolic extract of Da aerial parts 

(plant collected in Brazil) helped to preserve bone structure in an animal model 

for osteoporosis. Ovariectomized rats with induced osteoporosis were treated 
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with the extract. Histochemistry and blood serum analysis were included. 

Presumptively, the flavonoids present in the preparation acted at the cellular level 

( osteoclast inhibition, osteoblast stimulation) and not in the mineral 

metabolism227 . 

• Genotoxicity of the EO-Da against human lymphocyte cell cultures (plant 

collected in Argentina, the extraction was by aqueous infusion and decoction of 

the dried aerial parts) included the induction of chromosomal aberrations, sister 

chromatide exchanges and decreased cell proliferation kinetics. Ascaridole was 

detected as the main component of the aqueous extract, GC-MS was the 

analytical technique 206 . Hypotensive activity: The plant was collected in 

Morocco, two extraction methods were applied, the boiling method for crude 

aqueous extract, and the polarity gradient soxhlet extraction: Et-Ac, MeOH, 

aqueous remainder. The extracts induced hypotension in anesthetized 

normotensive rats 204 . 

• Other reported bioactivities were biocide, activities in the nervous system, and 

a set of miscellaneous activities shows that the D. ambrosioides extracts contain 

compounds of interest mainly in the biomedical sciences. Biocide activities 

included: antiviral, antibacterial, nematicide, molluscicidal, fungicide against 

skin dermatophytes, insects antifeedant, and allelopathy 202 . The activities related 

204to nervous system were: analgesic 202, ,228 , sedative, 202, anti-nociceptive 204 x_ 

Among miscellaneous activities were: antipyretic, anti-tumoral, 

anti-inflammatory 228 , hyperperistalsis inhibitor204 . 

• The hydrophilic extract showed low hepatotoxicity in rats as animal model 229 . 

• The general bioactivity determined with the Artemia salina test showed that the 

non-polar extracts contain bioactive compounds. The extracts were obtained with 

xreducing the reaction to pain 149 
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the polarity gradient method. The extract's bioactivities were: MeC12and EtOH 

yielded LC50 260 and 357 µg/mL, respectively; the hexanic and Et-Ac were 

highly bioactive, LC50 below 100 µg/mL 220. 

3.3.4 Other Studies 

Different D. ambrosioides extracts have been tested for a set of bioassays yielding low 

response rates results: 

• moderated activity anti-Trypanosoma cruzi epimastigots, essential oil (Peru) 197 . 

• not active against lesser grain borer, a grain pest (Brazil, 24hrs cold maceration in 

water, 10 % w /v dried and grinded leaves and flowers) 230 . 

• not active or low activity shown against the following microbes: E. coli, B. 

subtilis, K. pneumoniae, S. aureus,S. epidermidis,, fungi and yeasts A. fiavus, A. 

parasiticus, Trycophyton horzianum, Rhizopus tolenapur221 . 

• Crude alkaloidal fraction showed low activity for pain inhibition, at both central 

and peripheral level in rats as an animal model 228 . 

The EO-Da has shown potential as a corrosion inhibitor for steel in an acidic medium 

(0.5 M H2SO4), representing a relatively low-cost and ecofriendly product231 . 

In the subfamily Chenopodiaceae salsoline, salsolidine (isoquinolines), dipterine, 

leptocladine (indoles), subaphylline (polyamine), anabasine (pyridine) and aphylline 

(terpenoid) alkaloids have been reported 232 . Alkaloids found in plants from the family 

Amaranthaceae, but different plant subfamilies, contain one or more of the following 

heterocyclic rings : piperidine (aldotripiperidine, haloxine, halosaline, anabasine) 233 . 
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Expanding D. ambrosioides Exploitation 

D. ambrosioides is an ecologically quite adaptable plant; its medicinal properties are 

worldwide recognized, with a metabolomics-rich composition. It seems as an open 

opportunity to explore its composition to either elucidate its mechanism of action 

through chemical characterization, to find new bioactivities, or to incorporate it in the 

Western Medicine paradigm as raw material for drug production. Certainly, these kinds 

of efforts are ongoing, most of them focused on the essential oil. But researchers know 

that there is more to be found, and... 'He who seeks shall find.' 

The D. ambrosioides chemical components, beyond essential oil, might yield not 

only a better understanding of the extract's mechanism of action, but also new chemical 

entities to enrich the natural products' chemical space, as well as enhanced bioactivities 

of certain fractions, and some bioinspiration in the drug design field. 

3.4 Motivation 

The ability to control infectious disease opened the door to treat other illness states; 

e.g., surgery emerged as a viable field. But, what would happen if infectious diseases 

cannot be treated in the 2isr century? The consequences are beyond the pathogenic 

infectious diseases ... surgeries, as well as other treatments, would lose their cornerstone; 

the previously open door would be closed. What measurements can be taken to prevent 

this from happening? Is there any way to win this combat? What could be the role of 

bioprospection in the efforts to sort out the antimicrobial resistance era? 

3.4.1 The Challenge of the Antimicrobial Resistance Era 

It is not the strongest of the species that survives, nor the most intelligent that survives. 

234 235It is the one that is most adaptable to change - Charles Darwin 1, , 
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The 'antimicrobial era' started with the advent of penicillin, the first antibiotic in 

the market (1930's) A_ This provoked a revolution in the health care system, because 

236 237then the infectious diseases were the first mortality cause , . That revolution also 

benefited the food and agricultural industries 45 . Since then, antibiotics yielded a better 

life quality, for the populations that could access them238 . In the last twenty years, the 

reduction of production cost of some drugs by biotechnological tools allowed for further 

240expansion of their utilization 239, . 

For almost half a century the treatment scenario was straightforward for a particular 

242set of infectious diseases in humans, animals, and plants 239,241 , . The defense 

weaknesses was bypassed with antimicrobial drug administration, a treatment that 

caused an ecological disruption that depleted pathogenic and opportunistic microbes. 

The fact that they can reproduce faster than multicellular organisms, gives the 

235advantage of faster adaptation 1, . The evolutionary pressure that represented the 

systematic administration of antimicrobials -together with its involuntary 

mismanagement due to a variety of reasons- has been yielding resistant strains 1. 

Microbes evolved diversifying their 'hunt' strategies: the antimicrobial resistance 

234 235mechanisms, that humankind must elucidate 1, , . The consolidation of the 

238antimicrobial resistance era (ERA) 1, ,243 represents one step backwards regarding 

the previous victory over the infectious diseases; this leads to the risk of the infectious 

diseases recurrence as the first cause of death worldwide. Beyond that, the RBE effects 

extrapolate to immuno-compromised patients who are vulnerable to hospital-acquired 

infections (HAI) or nosocomial infections (NI) 8 (see Fig. 20), e.g., due to a medical 

A(the term antimicrobial encompasses antibiotics and fungicides, among others, for examples see Fig. 
9). 

WHO 244 8 The defines nosocomial infections (NI) or hospital-acquired infections (HAI) as: 
'infections acquired during hospital care which are not present or incubating at admission. [Such that 
they usually occur... ] 48 hours after admission.' A simplified nosocomial infections categorization is: 
respiratory, septicaemia (blood), surgical site, urinary, or vascular catheter. Several microorganisms can 
cause NI, for example commensal bacteria commonly found in the normal human flora, opportunistic 
bacteria that can grow in a weakened immune system, and pathogenic bacteria that are equipped with 
stronger virulence factors that can infect regardless of the host status. The NI causal agents ' reservoirs 
can be: endogenous (from the patient), exogenous cross-infection (from another person), endemic or 
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intervention such as chemotherapy, surgery, organ transplant, and 

243immunosuppression240, . The emergence of resistant microbial strains varies around 

the world, and from hospital to hospital, increasing the complexity on how to handle 

this issue 245 . Among HAI strain variations are: pathogenicity, virulence, drug 

resistance, and strain origin, besides the patient's intrinsic risk factors 246 . 

The WHO (World Health Organization) prioritized the management of a set of HAI 

causal agents because fatalities have been reported (this and other factors are succinctly 

244 247 252shown in Fig. 20) 240, , - : 1) Methicillin resistant Staphylococcus aureus 

(MRSA), 2) Vancomycin resistant SA, 3) Multidrug resistant SA, 4) S. aureus with 

reduced susceptibility toward glycopeptide antibiotics, one of the last options for 

treatment of infectious diseases that commonly occur in hospitals, and 5) multidrug 

resistant Pseudomonas aeruginosa (MRPA) strains. 

Intense research is ongoing to elucidate the molecular mechanisms of antimicrobial 

253 268resistance 51 , - . Some examples of those molecular mechanisms are depicted in 

Figs. 21 and 22: 

1. Changes in the permeability of the cell membrane by alteration in the distribution 

of porin transport proteins (aP) and lipopolysaccharides (LPS) would reduce the 

269antibiotics' entry to the bacteria 256, . 

2. The changes in the 3D structure of the antibiotic's target (MT) by mutation or 

transcriptional alteration would prevent the inhibitory binding of the 

antibiotic 256,269 . 

3. The enzymatic degradation of the drug (ED), i.e. beta-lactamases, would deplete 

the intracellular antibiotic's concentration 269,270 . 

4. Penicillin binding proteins (PBP) in the periplasmic space can sequester the drug 

reducing its availability for the true target, for instance by simulating the target's 

epidemic exogenous environmental infection (from the health care environment). 
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Figure 20: The impact of antimicrobial drug resistance (ADR). Health care related ADR impacts different society sectors, having 

consequences in the individual and global economy, risking the patient's recovery and community well-being, as well as a potential 

effect on ecosystems. Figure prepared based on the report by the WHO 2 . 



269binding pocket 256, . 

5. The overexpression of specific efflux pump coupled to proton pump 271 can excrete 

antibiotics from different families due to a non-high specificity in the binding site 

of the efflux pump. 

6. Other resistance pathways involve changes in thetranscription regulation of genes 

related to antibiotic resistance biochemical pathways and even gene loss 272 . 

In general, such mechanisms (that are coded in either chromosomal or plasmid DNA) 

were already present in a given resistant population(s) in the environment, but the 

current evolutionary pressure is favoring such populations and are modifying the 

microbiota ecological dynamics, e.g., through transmission of the resistant 

241 273genes 1, ,272, . Fungi strains are also of public concern (i.e. MDR-Candida 

albicans), and the emergence of filamentous fungal pathogens such as Trichophyton 

tonsurans, Trichophyton mentagrophytes, Microsporum gypseum and Pseudallescheria 

boydii as HAI causal agents is gaining relevance as well 274 . 

Environmental pollution by antimicrobials, as well as less strict regulations and 

control on the antimicrobial stewardship in agriculture (e.g., crop production and 

animal farming), together with global warming (GW), are also contributing to 

275 276consolidate the antimicrobial resistance era245, , . GW is yielding disseminated 

plagues that otherwise might remain biogeographically isolated277 c_ Reservoirs of 

resistant phytopathogenic and non-phytopathogenic microorganisms in crop fields are 

starting to emerge245,281 ,282 . This has proved to be a risk to human health 282,283 , as the 

cases of fatal infections of immunosuppressed patients, which were caused by 

cFor instance, in 2011 some countries lost up to 40% of their coffee production due to the effect of 
Coffee rust, caused by the fungi Hemileia vastatrix, which negatively impacted their national economies 
as well as coffee prices globally. GW was reported as the main reason of the activation of this plague 

280 in several major coffee producing areas, including Colombia and Central America 278 - . To overcome 
it, integrated plant pest management incorporated the systematic application of fungicides throughout the 
year and developed new plant breeding techniques to yield resistant varieties of coffee plants, along with 
other adaptations. 
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Figure 21: Examples of molecular mechanisms of antibiotic resistance. Examples of molecular mechanisms of antibiotic resistance, 

which are sites of potential interactions of phytochemicals with a generic resistant gram (-) bacteria. From extracellular space to inside: 

A= antibiotic, 1. extracellular space, 2. alginate, 3. outer cell membrane, 4. peri-plasmic space, 5. peptidoglycan wall, 6. inner cell 

253 268membrane, 7. inner cellular space, 8. chromosomic and plasmid DNA. Figure compiles several reports 51 , - . 
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Figure 22: Examples of molecular mechanisms of antibiotic resistance. Depiction of the interaction of antibiotic adjuvant molecules with 

a generic gram-negative bacteria, that facilitates the encounter of antibiotic with its target, which are sites of potential interactions with 
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in red: the target of the antibiotic, for the names of the depicted bacterial cell parts see Fig. 21, for more details see text. Figure compiles 
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non-nosocomial drug resistant opportunistic strains. Their origin was traced back to the 

external natural environment ( azole resistant fungi strains Aspergillus niger, A. 

fumigatus 284 and several resistant gram-negative strains 285 . The WH0 250,251 proposed 

that the ARE (Antimicrobial Resistant Era) battle should include improvements in 

agricultural practices such as : pest management, antimicrobial stewardship, 

surveillance of the resistant strains emergence in the farms, research and development 

of other pesticides regarding administration strategies as well as new chemical entities. 

An already ongoing strategy is the reinforcement of the use of ecofriendly products at 

286-288various levels 245 , . It will help in this battle, because the reduction of the 

molecule's lifetime in the environment-mostly in the waste water-relieves that 

evolutionary pressure over environmental microbes 275 . A hot spot is the research on 

biopesticides 289 , especially essential oil prospecting for post-harvest 

290 291 292 293management58, , D, with hydrophilic natural products or extracts 289, , . The 

utilization of highly specific pesticides has been proposed, but it has the drawback of a 

283higher economic investment282, . More research is essential for a generalized 

implementation. 

Humanity has the intelligence and the intellectual skills to find the microbial 

resistance mechanisms and generate tailored medications 236 . A boost in those efforts is 

becoming a priority for health care systems, such that it is possible to have a faster flow 

of new generation antimicrobials and strategies available to the majority of the global 

277 294population242, , . The liabilities are circumscribed not only to pharmaceuticals; 

resistant microbes can cause harm under the modern social circumstances in other 

277 294sensitive fields, for example, veterinary practice and agriculture 242, , . 

The scientific research and the regulatory systems are cornerstones for the 

humankind's adaptation to the evolving world, and the WH0 251 , the USA Center for 

0 To harvest a given living plant tissue is denying further nutrition by picking it, which activates 
metabolic pathways in the product apoptosis and ripening. The post-harvest management includes the 
following processes: the harvest itself, handling, packing, storage and hygiene of fruits and vegetables 
such that the best quality shelf life is prolonged 292 . 
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Diseases Control and Prevention (CDC) 240 , and other institutions 288 already 

acknowledged the issue. They launched a worldwide strategy that intends the 

reduction of the resistant bacteria impact counting on the governments' support. These 

guidelines aim to re-shape the relationship between society and antimicrobials, for 

instance the innovations in drug discovery and development processes, as well as in the 

295antimicrobial stewardship 70, . These guidelines aim to reinforce the research 

investment to find new therapeutics and treatment strategies against strains that rare a 

priority concern for human health. Public efforts appeared somewhat related to the fact 

that the antimicrobial drugs field has been decelerating in the pharmaceutical industry. 

Actually, the observed market failures of new antimicrobials have been discouraging 

pharmaceutical industries and the biotechnological investments along those lines 296 . 

The main market failure is due to a paradox: the antibiotics revenue depends on high 

298volume sales, but the trend is to regulate antibiotics utillization worldwide 297, . The 

attention drifted to other diseases, that might yield a higher economic benefit (e.g., 

79 295cancer and chronic diseases) 54, , , but that are also under the shadow of the resistant 

bacteria era. 

The involvement of the research community-at any level, especially from 

academics and industry-is the utmost importance to face the RAE, targeting new 

antimicrobial scaffolds 295 . Any initiative should envision the urgent need to find 

79 81 236 242solutions, and the limited economic resources available43 , - , , . Two innovative 

approaches are the Community for Open Antimicrobial Drug Discovery (CO-ADD) 96 

300and the Comprehensive Antibiotic Resistance Database (CARD) 299, . CO-ADD is 

the a global open access initiative leaded by The University of Queensland's Institute 

for Molecular Bioscience, Australia, pursues the enrichment of the antimicrobial 

chemical space by offering the free screening of drug hits to a set of prioritized 

microbes 96 . CARD is a platform for the genetics and genomics of resistance genes. 

CARD aims to organize the resistance genes under the antibiotic resistance ontology 

91 



classification system, to bridge in the 'antibiotic resistance concern m health care, 

agriculture, and the environment' 299,300 . In other words, it collects genetic background 

information related to resistance across disciplines. The whole database can be 

analyzed by data mining strategies. Its target is to unraveling how the emergence, and 

potential prevalence, of resistant microorganism strains are related to 'modern life' of 

humankind. This abstruse relation has an important impact on the future health care 

systems stability at a worldwide level. 

In the early days, drugs were developed primarily through the random screening 

approach. Under this paradigm the 'low-hanging fruits' 295 have been collected, 

49 54 : ,yielding valuable therapeutic drugs l , ,51- colchicine, morphine 36,237 quinine 3°1 

302 237artemisin55, , salicy lie acid, taxol, and penicillin 36, . 

The advances in analytical chemistry and organic synthesis tools, as well as in the 

comprehension of several diseases at the molecular level, favored the drift to drug 

discovery rational design, which usually relies in exploration of drug-like 

libraries 60,303 . But the demand in this ARE have exhausted those libraries, and new 

scaffolds are in demand. Once more, scientists are looking back to natural products for 

bioinspiration, they are also innovating NPs antimicrobial discovery 

process 3,4,70,295,304. 

The pharmacological paradigms have also been evolving. Medications are starting 

to be formulated as multi-target therapies (MTT), of course besides the magic bullet 

drug or the one-drug-one-target mechanism of action. MTT are based either on 

polypharmacology E or on combination therapy (MTT-CT)61,305. 

Phytopharmaceuticals F could be an MTT-CT option because a derivative from a given 

EPolypharmacology: one-drug-multiple-targets, but is not necessarily the same as 'compound 
promiscuity ' 305 . 

FThe Indian governmental drug regulation agency defines phytopharmaceuticals as a fraction of an 
extract from a given medicinal plant or its parts. Such that the fraction has been purified and standardized 
in its composition of at least four compounds, which have been detected and quantified. It encompasses 
the preparation administration for internal or external use in humans or animals, with purpose of diagnosis, 
treatment, mitigation, or prevention of any disease or disorder. Parenteral administration is excluded 306 . 
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medicinal plant can contain a set of key components with a variety of 

targets-representing a viable treatment option, especially, for low income families. 

But MTT-CT has a its own challenges to solve (see Sec. 2.2), e.g., expressly in quality 

control assurance, to innovate in the research pipelines and information organization to 

asure the achievement of drug candidates 72,3o7 . 

The "antibiotic resistance era" must be, and can be, tackled. The priorities have 

been already stablished by the CDC and the WHO: antibiotic stewardship, prevention 

of infections, follow up of the evolutionary processes, and the development of new 

drugs and pesticides 240 . Worldwide, governmental regulations and funds for reshaping 

how society interacts with microbes are slowly starting to flow and the academics are 

actively involved. So, it can be said that the combat has begun; as it is going on is 

becoming evident that the challenge is larger than we thought at the beginning, and 

more bioinspiration is welcomed 304 . It is on creative scaffolds where Nature plays on 

our side, since natural products often defy a medicinal chemist's imagination. 

3.5 Objectives 

3.5.1 General objectives 

The general objectives of this dissertation are to bioprospect polar extracts (hydrophilic 

and alkaloidal fractions) of three tropical rainforest plants as potential adjuvants of 

antibiotic activity of a commercially available drug (CAD), against the nosocomial 

bacteria MRSA-USA-300. 

The selected species are: 

1. Attalea cohune (Ac) male inflorescences; they are pest resistant, and can be a raw 

material that is available most of the year. It is an ecologically resilient palm (for 

more details see Sec. 3.1 ). 
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2. Bourreria huanita (Bh) flowers; they are pest resistant, and contain 

psycho-active compounds. The specimen, from which the plant material was 

harvested, is legendary for its longevity (see Sec. 3.3). 

3. Dysphania ambrosioides (Da) aerial parts; they are utilized in folk medicine of 

cultures from around the world; further characterization, beyond the essential oil, 

is needed (see Sec. 3.2). 

4. Staphylococcus aureus MRSA-USA-300: a worldwide spread bacteria that is 

causing infections not only in hospitals but also in contact-sports players (see 

Sec. 4.2.4.3). 

3.5.2 Specific objectives 

1. To determine if the selected botanical extracts (from Ac, Bh, and Da) enhance 

the antibiotic activity of aminoglycoside antibiotic gentamicin G against MRSA

USA300 and other nosocomial strains. 

2. To propose the structural features of at least one of the main components on a 

polar extract (alkaloidal fraction) applying instrumental analysis techniques, 

emphasizing dereplication in small natural products molecular drug discovery. 

GGentamicin is listed by the WHO as an essential antibiotic that must be in any health care system 
(See Fig. 4.1) 308 . 
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Chapter 4 

Microbiological Evaluation of the 

Bioactivity of Plant Extracts 

4.1 Introduction 

The antimicrobial resistant era has started and the NPDD can yet contribute to the 

antimicrobials chemical space. There is a broad variety of ways in which natural 

products can be utilized as antimicrobials: the raw extract, fractions, mixtures of 

different plant extracts, to mixtures of commercially available drugs (CADs) mixed 

with a given extract (NPs+CADs), among others. In this study, NPs+CADs approach 

led the experimental design of this research project; aiming to find synergistic 

interactions between a given CAD and the botanical extracts from three plants from the 

tropical rain forest, for instance aminoglycosides mixed together A. cohune, B. huanita 

, and D. ambrosioides . 

An abridgment of the parameters that describe the bacterial growth is given in Sec. 

4.2.4.1. In the following section, the literature review of scientific findings of such a type 

of synergistic interactions (covering the years 2010-2015) is reported. The opportunistic 

bacteria were the most studied. The main reasons to pursue innovations in the treatment 
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of this type of infection were: a) the emergence of resistant strains in hospitals, b) the 

emergence of community-associated infections (e.g., in environments in which physical 

contact is required, and in shared sport facilities), and c) they are a reservoir of resistance 

genes that can potentially be transferred to pathogenic bacteria 309 . Three alkaloids have 

been found to be druggable as antibiotic adjuvants, and further studies are ongoing by 

pharmaceutical industries. 

The experimental details for the determination of the fractional inhibitory 

concentration index (FICI) for the selected botanical extracts (from A. cohune , B. 

huanita , and D. ambrosioides ) are given Sec. 4.3, together with the exploration of the 

bacterial elicitor activity of the D. ambrosioides extract. Those findings were 

summarized in Sec. 4.4. An alkaloidal fraction of the corozo palm (A. cohune ) showed 

synergistic activity with gentamicin against the opportunistic bacteria 

MRSA-USA-300 (see Sec. 4.4.1). It abated the in vitro antibiotic minimal bactericidal 

concentration (MBC) of gentamicin to 1/4MBC, at a nanomolar (nM) concentration of 

that main component of that alkaloidal fraction. The raw ethanolic extract of the sacred 

tree B. huanita showed synergistic interaction with gentamicin as well, contributing to 

expand its characterization, additionally to their antimicrobial and antidepressant 

effects. The ethanolic apazote extract yielded an antagonistic effect with gentamicin, 

and further exploration showed that the aqueous extract somewhat promoted the 

bacterial growth and the haemolytic activity A_ These activities add to the list of D. 

ambrosioides bioactivities, and also open a new endeavor for potential 

commercialization of its fractionated extracts. 

AHaemolytic activity was determined for the raw aqueous extract and the saponin fraction; this is an 
indirect measurement of the extract' s effect as a surfactant. This property is related to cell membrane 
disruption and it could be a starting point to determine the extract' s components that can act as elicitors. 
Saponins might appear in the ethanolic extract by co-solubility which might explain some of the observed 
results; however, other components also present in the ethanolic extract might be responsible for the 
observed elicitor activity. 
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4.2 Antimicrobial Activity Enhancement by Botanical 

Extracts: Synergism of Synthetic + Natural Small 

Molecules 

The scientists' battle against antimicrobial resistant strains is being approached from 

different angles by gaining a better understanding of the targets, improving 

formulations, and developing new antimicrobial drugs. The importance of lowering the 

amount of the administered drug, besides the economic impact, is the reduction of the 

off-target effects (especially toxicity of antibiotic at therapeutic dosages) and the 

potential changes in the evolutionary pressure favoring resistant strains 310 . They can 

affect a wide variety of tissues and systems depending on the patient status. The most 

frequent side effects impact the gastrointestinal, hepatobiliary, renal, and hematologic 

systems, but the rheumatologic, dermatologic, neurologic, cardiac, respiratory, and 

genitourinary systems can be also affected. Other-but even less frequently 

reported-secondary effects are electrolyte abnormalities and drug fever 311 . For 

example, the secondary effects associated with antibiotic(s) administration and the oto

and nephro-toxicity of aminoglycosides, or the anaphylactic response for beta-lactams 

in susceptible patients, are a risk; the health care systems are sorting it out by 

315administering antibiotics with as little toxicity as possible (see Table 4.1) 312- . 

The WHO essential antibiotics list already includes aminoglycosides and 

fluoroquinolones, addressing special cases for allergic patients or resistant bacterial 

314strains. 308, Let's consider the depletion of benefic microbiomes in the skin and the 

gastrointestinal tract due to a given appropriate antibiotic treatment. The microbiome 

alteration of those tissues can derive into a higher susceptibility toward pathogenic 

bacteria colonization than the tissue's state before the antibiotic administration. Those 

microbiome strains that survived an antibiotic treatment might be resistant strains that 
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Table 4.1: Examples of antibiotics' secondary effects from the selected antibiotic families , found in the literature search, see Fig. 29, for 

317 325the antibiotics' abbreviation list see Fig. A.3 311 , - . 

Family 

aminogl ycosides 

azoles 

beta-lactams and 
cephalosporins 

macrolides 

quinolones 

tetracyclines 

Bacterial target 

Bacterial 30S ribosomal subunit. 
-> inhibition of peptide elongation 

flavohemoglobin -> increased 
producti on of deleteri ous reactive 
oxygen species, in fungi : 
14-alpha-demethylase -> 
compromises cell wall integ rity 

transpeptidase -> inhibition of 
forming peptidoglucan cell wall 

peptide bond formation, 
translocation of the ribosome 

class II topoisomerases -> 
inhibition of untangling DNA 
during replication 

A-Site of bacterial 30S ri bosomal 
subunit -> inhibition of 
aminoacyl-tRNA recruitment 

Off site effects 

interaction with the host's cell mitochondria. Kidney and 
live r injury, ototoxicity, vestibular toxicity, deafness (by 
damaging mitochondria in the hair cell s of the ear), 
allergic reactions, 

chronic acti ve heptatiti s, teratogenic 

hypersensiti vity, allergic reacti ons, anaphylactic shock, 
nephritis, eosinophilia, hemolytic anemia, urticari a rash, 
hematological reactions, hepatitis 

Cephs.: hypersensibility, allergic reactions, 
hematolog ical reactions, nephrotoxicity, allergic 
interstitial nephritis, intrahepatic cholestasis, 
hypoprothrombinaemia, serotonin syndrome (LNZ) . 

Myopathy, QT prolongation , nausea. Chronic use : 
impairing of lysosomal function of macrophages -> more 
susceptible to mycobacterial infection 

interacti on with host's mitchondria. QT prolongation, 
appearing at long term after treatment: the tendinopathy 
fluoroquinolone associated-disability, tendon rupture, 
retinal detatchment (rare) , irreversible nerve damage 
and psychiatric symptoms, epigenetic changes 

Liver toxicity, phototoxicity, secondary intracranial 
hype rtension, teeth discolorati on, microvesicular 
steatosis and other live r injury. Allows overproduction of 
Pseudomonas, Proteus, and Clostridium , nausea and 
dizziness. 

Examples 

AMK, ETM, GEN, KAN, 
NEO, NTM, STR, TOB, 
VAN 

MIC, MTZ 

AMP, AMX, FOX, 1PM, 
MEM, MTH, OXA, PEN 

Cephs.: CAZ, CF, CPD, 
CRO, CTX, FAZ, FEP, 
LNZ 

AZM, CLR, ERY 

CIP, LVX, NAL, NOR 

DOX, MNO, OXY, TET 

Refs. 

(Chong et al. , 201 8; 
Heta & Robo, 201 8; 
Singh et al. , 2014; 
Wang et al. , 2015; 
Westphal et al. , 1994) 

(Nobre et al. , 2010, 
Mazu et al. , 201 6; 
Westphal et al. , 1994) 

(Heta & Robe, 201 8; 
Westphal et al. , 1994, 
Thomas & Thomas, 
2017) 

(Wang et al. , 2015; 
Wright & Paauw, 201 3) 

(Marchant, 2018; 
Shum,2011 ; Wright & 

Paauw, 201 3) 

(Heta & Robe, 2018; 
Wang et al. , 2015; 
Westphal et al. , 1994) 

general comment Besides the intrinsic nature of antibiotics target promiscuity, the off site effects depends also inhost status, concurrent (Wang et al. , 201 5; 
medications, and genetic predispotion Westphal et al. , 1994) 



can potentially interact with the pathogenic bacteria, in some cases yielding a resistant 

316pathogenic strain240, . This scenario can also be applied to opportunistic bacteria in 

immuno-compromised patients 240 . 

The development of new medications to improve efficacy aims to improve the type 

8of active principles per se , the drug bioavailability, and the target delivery 327 , among 

others. 

4.2.1 Antimicrobial Drug Discovery Approaches 

The challenges of the resistant bacteria era (see Sec. 3.4)are being tackled by researchers 

with different strategies and by developing new paradigms in drug discovery. Some 

examples of current approaches for the research and development of novel antimicrobial 

products are listed below (see also Fig. 23). 

1. Understanding the microbes: Molecular characterization of causal agents of 

emergent, re-emergent, and 'omnipresent' diseases, with special emphasis on the 

drug-resistant varieties are the axis of several research programs, encompassing 

studies of microbial physiology, virulence factors and microbiomes in healthy and 

328 333diseased hosts 71 , - . From this research, a new paradigm had been derived: to 

target virulence for antimicrobial therapy 334 . 

2. Application of bioinformatic tools for searching and rating new potential targets 

in already sequenced microbial genomes, and the continued sequencing of other 

genomes, transcriptomes, proteomes, and metabolomes, are fueling data mining 

299 335 336studies of already sequenced microbial genomes 294, ,3oo, , , and the 

continued sequencing of other genomes, which can yield new or better 

drug-targets 294,299,300,335,336. 

Be.g., aminoglycosides, whose reported allergies are less common than for beta-lactams, are being 
structurally modified to enhance specificity towards bacterial ribosomes. The new drug candidates do 
not target the human ribosome, especially not those ribosomal mutants that have been related to the 
aminoglycoside's ototoxicity. Their design was computationally aided 326 . 
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3. Rationale drug discovery 337 , fully experimental drug investigations aided by 

computational modeling 338 , involving structure activity relationships (SARs) 

studies aided by computational modeling 338 , involving from one-target to 

341"network target" strategies 339 and bioactivity predictive models 340, . 

4. Combined therapy of commercially available drugs (CADs): mixtures of 

compounds in which the main mechanism of action / bioactivity is known or 

characterized, and which yield synergistic effects or some kind of additive 

interaction, i.e. the beta lactam antibiotic amoxicillin and the beta-lactamase 

343 344 349inhibitor clavulanic acid 342, , among others 57, - . Another interesting case 

352involves hybrid antimicrobials 350- , wherein a two component mixture is 

condensed into two compounds covalently linked compounds, such as 

berberine-NFF55, an antibiotic alkaloid carbon-bridged to a nitro-indol; the 

resulting hybrid drug was 100 fold more potent than the mixture of the two 

compounds in the resistant strains tested 350 . 

5. "Renaissance" of random screening of natural products (NPs) research 353 

with applications at different levels, e.g., as a source of drug hits, leads and 

candidates, as well as standardization of extract utilization c. Natural 

353compounds have yielded sets of privileged structures and chemical diversity 82, 

and also have the promise to keep providing different privileged scaffolds that 

can keep enriching the drug chemical space 354 . Nature is a place to look for new 

357drugs 52 , as microbes 355- , plants (e.g., the Nobel prize molecule artemisin55 ), 

algae, fungi, and lichens 358 are a great source of naturally occurring 

antimicrobials. The exploration methods to identify NPs are evolving to be faster, 

more accurate, and less expensive than other methods and techniques. Schemes 

to obtain botanical extracts vary, going from mimetizing their ethnobotanical 

usage to systematically fractionating them, which have been recently 

c An effective traditional medicine strategy is utilizing mixtures of extracts from different plants 58 . 
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reviewed 73 ,359,360. The application of modem tools together with clever 

approaches has the prospect of developing cost-effective druggable molecules 

with scale-up production potential. This includes the areas of biotechnology, 

bioinformatics, and synthetic biology; the latter represents an approach to 

56generating renewable supplies 28, . 

6. Combination therapy of NPs and CADs (the main focus of the literature review 

in Sec. 4.2.4.2): this is a mixed approach that involves the pursuit of synergistic 

interactions (synergistic therapy)-or at least additive effects-by the combination 

of a drug (with a known mechanism of action) together with a natural product (of 

247 301 361 362which the mechanism of action might not be fully characterized) 239, , , , . 

It takes advantage of the adjuvant properties of a given natural product(s ). It should 

be mentioned that in the cancer therapy field, there is ongoing and active research 

344 345 363 D.on this type of strategy 57, , , 

7. Among the biological control of bacterial growth, the most representative of this 

approach are the bacteriophages utilization against specific strains 365- 370 and their 

biotechnological derivatives. 369 . 

8. Modification of the microenvironment available nutrients, such that they 

favor the growth of a benefic bacterial strain ( or at least less damaging strain than 

the causal agent of a given infection), as for the patented mixture: Compositions 

and methods for altering human cutaneous microbiome to increase growth of 

staphylococcus epidermidis and reduce staphylococcus aureus proliferation 371 . 

9. Antimicrobial nanoparticles: e.g., silver nanoparticles additives in some fabric 

types 372 . 

0 1t should be mentioned that in the cancer therapy field, there is ongoing and active research on this 
type of strategy 57,344,345,363,364. 
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10. Environmental impact of the antimicrobials: The fate of antimicrobials-those 

applied in health care systems, animal farming, and plant pest control-needs to 

be understood, and their effect in the emergence of resistant microbes should be 

assessed 373 . 

4.2.2 Bacterial Growth Curve Parameters 

375Bacterial quantification 374, can be performed by a Colony Forming Units (CFU) 

count or by determination of bacterial biomass accumulation. The CFU count represents 

the viable bacteria ( each viable bacterium can form one colony, from there the name of 

colony former units). CFU are determined by seeding serial dilutions of the sample, 

and counting the colonies formed (viable count). What is reported is the CFU in the 

plate that has 100-200 colonies formed E times the dilution factor. 

Another, and faster, bacterial quantification method is the biomass determination by 

turbidimetry, which assumes that all the biomass belongs to viable bacteria. The optical 

density (ODA) Iis related to bacterial concentration, in a given absorbance range. the 

wavelengths utilized are either 600 nm or 620 nm. 

The normal growth curve of any given bacteria is depicted in Fig. 24, time units are 

in the x axis and the logarithm of bacterial density (logp13 ) in they axis. F 

The succession of phases is defined based on the variations of the growth rate 

(µi) 374,375: 

1. Lag phase, µ0 = 0: the inoculated bacteria adapt to the environment and produce 

some of the metabolites needed for induction of reproduction (induction region). 

No increase in number of cells is expected. 

2. Acceleration phase, µace = positive, increases: the bacterial cells reproduce 

Eor the largest count that is immediately below that range. 
Flt is assumed that all the bacterial cells from the inoculum are viable (or a negligible amount is 

non-viable). Ideally the inoculated bacterial cell population should be in the linear growth phase. 
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(double), each time faster, until they reach the maximum reproduction velocity or 

maximum reproduction rate (µmax ); this is called the induction point. 

3. Log phase or exponential phase, µmax = constant = maximum value: the 

bacterial cells reproduce at the same rate, such that the logarithm of the bacterial 

density vs. time is the linear region of the bacterial growth curve. Ideally, the 

inoculum for the antibacterial activity tests should be at this state. Numerically, 

µm represents the tangent function in the inflection point of the curve. 

4. Retardation phase, µretardation= positive, decreases: a given trigger causes the 

deceleration of the bacterial cell reproduction (e.g., due to key nutrients depletion 

or inhibitors secreted by the same bacterial cells). Even though the biomass keeps 

increasing, each time it is slower than the previous one (e.g., slower doubling). 

The deceleration continues until the bacterial cell population reaches a state of no 

further reproduction. 

5. Stationary phase, µstat = 0: once the bacteria reached their maximum possible 

population (the total growth asymptote AroT ), no further reproduction occurs. 

At this population state, both biomass and viability production stay constant. It is 

assumed that the cells in the stationary phase are viable to reproduce if 

reinoculated in fresh growth medium. 

6. Death phase, µdeath= negative, decreases: the bacterial cells start to die without 

reproduction (non-viable cells). 

Sporulation may (or may not, as for ECr) occur at any phase, especially at the latter 

two, the stationary and the death phases. The phases that can be recognized without 

adjustment to a mathematical model are the lag phase, exponential phase, and stationary 

phase. 

Three parameters are usually utilized to describe the bacterial growth curves: the 

asymptote of total growth ( AroT ), the exponential growth rate ( µmax), and the lag 
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time constant Ar- The latter, Ar, is mathematically defined as the intercept of the in the 

inflection point of the curve with the no-growth asymptote (see Fig. 24) 374 . 

4.2.2.1 Gomptertz Model and Bacterial Growth Curve 

If a quantitative comparison of a given bacterial strain growth under different 

conditions is required, they can be compared by the above mentioned parameters. For 

the determination of the exponential growth rates µmax , a linear regression of the 

exponential growth region or a non-linear fit that describes more than one growth phase 

are possible but there are better fits. Among several mathematical models, the 

Gompertz model yields valuable information with three parameters, and allows a first 

exploration of the effect of different growth conditions over a given bacterial cell 

374 376 378growth curve , - . The following Gompertz model equation expresses the growth 

curve (Ln(N / No) in three parameters of biological significance, total growth ( AroT ), 

the exponential growth rate ( µmax), and the lag time constant (At) 374 : 

e = exp(l) and t = time are usually reported in hours. The Gompertz model has 

been applied in cases with small numbers of measured points (nine or fewer), and in 

those in which information related to the death phase is not required. The bacterial 

propagation curve, the so-called growth curve, can be monitored in real time by 

turbidimetry (optical density at 600 nm). Begot et al. 377 followed the growth curve of a 

set of opportunistic bacteria, and modeled it with the Gompertz population growth 
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model (Eq. 4.2.2.1) directly from 0D6oOnm measurements: 

Where: 

( ODinoculated.medJt = mean of the optical density of a given growth medium i, inoculated 

with a given bacteria amount, at a given time t; 

( ODmedJo = mean of the optical density of only a given growth medium i, at t = O; 

~(OD)min = ~OD value above the detection threshold (e.g., 0.001). 

The generation time, tdoubling , is the time required for the bacterial cell population 

to double. The tdoubling is a useful bacterial cell growth parameter, for instance in 

establishing the drug dosage for a given infection treatment, and in designing culturing 

conditions for biotechnologically relevant microorganisms. Once the maximum growth 

rate has been determined, tdoubling can be calculated as 377 
: 

tdoubling (4.1) 

An antibiotic is a chemical substance that at dilute concentrations has the capacity 

to inhibit bacterial growth (bacteriostatic effect) or even, the capacity of kill bacteria 

(bactericide effect). They can be highly specific to certain bacteria, or have an ample 

spectrum activity, or be effective against other microorganisms. The criteria for 

classifying a given natural extract as bioactive against bacteria is 200 mg/mL a 

threshold 36 (see Fig. 25). Antibiotics, as well as their adjuvants and their antagonists, 
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can be studied with a growth curve experiment (see Fig. 27). The antibiotic effect is 

usually quantified by the Minimum Inhibitory Concentration (MIC)-which is 

routinely applied in clinical laboratories-and the Minimum Bactericide Concentration 

(MBC). According to Clinical and Laboratory Standards Institute (CLSI) 380 , MICs is 

the lowest concentration of antimicrobial agent that completely inhibits growth of the 

organism in the tubes or microdilution wells as detected by unaided eye. Viewing 

devices intended to facilitate reading microdilution tests and recording of results may 

be used as long as there is no compromise in the ability to discern growth in the 

wells 380 . The MBCs are defined as the lowest concentration of[a given] antimicrobial 

[agent] that will prevent the growth of an organism after subculture on to 

antibiotic-free media 381 (see Fig. 27). MICs and MBCs are utilized in clinical 

laboratories to confirm resistance of a given strain. As research tool, they are used to 

determine the concentration susceptibility and resistant breakpoints of new 

antimicrobials 380,381 . Mahady et al. 382 defined a given NP (especially for compounds 

purified from natural extracts) as significantly antibacterial active if either its MIC is 

below 2 µg/mL, or its MBCs up to 4.2 mg/mL. 

4.2.3 How to Determine if the Effect of a Paired Combination of 

Agents Can Be a Synergistic Effect: the Fractional Inhibitory 

Index (FICI) 

The net effect G (additive, synergistic, antagonistic, or suppressive) on the antimicrobial 

activity of two given drugs, A and B, simultaneously administered 383 , can be estimated 

by the Fractional Inhibitory Combination Index (FICI), e.g., the antibacterial activity 

net effect of a natural product and a known antimicrobial against a given nosocomial 

GThe effect of such a combination toward the minimization of resistance evolution requires other types 
of bioassays383 . 
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Criter:ia for classification of the antimicrobial activity of NPs based on MICs 

Natural ex:t,racts Individual components and fractions 
{resuspension from original! extract) with 1-10 major components 

(purified from natura I extracts) 
Potential 
for co,ntaining Antimicrobial 
a ntim icrobi a I activity 
components MIC mg/ml strength MIC µg/ml 
Non expected > 2.00 Low--non > 100 
Low* < (100-200) Attenuated act. ~ [100-17) 
Med ium-high* < 100 Medium ~ [4-17] 

• Further pu11ification recommen,ded Medium-high ~10.5-4) 

(Brown, 2014a (AstraZeneca);Gibbons, 2008; Ulrich, 2014a) 

(Brown, 2014a (AstraZenecal:Gibbons. 2008: Mahadv et al. 2008} 

382 392 393Figure 25: Criteria for classification of the antimicrobial activity of NPs based on MICs determinations 36, , , . 
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Figure 26: Determination of bactericidal vs. bacteriostatic antibiotic activity. Differences between the bactericidal and the bacteriostatic 

316 379 394 395effect of a given antibiotic agent are determined by reincubation of a tested-cultured medium into a free-antibiotic agar , , , . 
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Figure 27: Selected antibiotic effects over the bacterial growth curve. a) Bacteriostatic 

and bactericidal activity of a given drug tested as function of its concentration. 

b) Three cases of bacterial growth in presence of a given antibiotic drug at 

sub-lethal concentrations, which interactions with different kind of additive agents 

(Agentl , Agent2, Agent3) was tested, the mixtures yielded: antagonistic effects 

379 394 395(Agent 1), no interaction, additive (Agent2), or synergistic effects (Agent3) 316, , , . 



bacterium H. FICI determination by the checkerboard method is the most common 

76 261approach applied in microbiology assays 36, , ,389-39l _ 

According to the FICI model, the interactions of paired combinations of agents A+ B 

can be (listed in order of the enhancement of the net effect, values according to the 

Journal ofAntimicrobial Chemotherapy recommendation) 391 : 

1. additive interaction (also referred as no interaction): the inhibitory effects are 

the sum of their effects alone; the potency of the mixture increases following the 

trend of: [1+1=2] , FICI ~ [0.5-4.0], 

2. synergistic interaction: the inhibitory effects are more than the sum of their 

effects alone; the potency increases following the trend of: [1+ 1=3], FIC/~ 0.5 

3. antagonistic interaction (the potency decreases by an overall effect of the drug's 

counter-action, following the trend of: 1-1=0; furthermore, that trend can be [1-

2=-l], which is not only decreasing the potency but favoring the opposite effect), 

the extreme of an antagonistic interaction is suppression, FICI ~4.0. 

The experimental design under the FICI-checkerboard approach explores a set of 

concentrations, usually related to the findings from the minimal active concentration 

(MAC) determinations. Let's assume that the question to solve is if two drug candidates 

may interact regarding the given bioactivity Z of the substances A and B, each has a 

8 Besides the FICI, other data interpretation tools are: i) The isobologram analysis requires the 
determination of MIC for each mixture. Thus, even though it renders valuable information, its application 

385 takes more time and economic resources than other approaches. 384 , ii) the Loewe additivity-based 
model, 36 iii) the Bliss independence-based model with the Combination Index (Cl) proposed by 

386 387Chou 358 , , . iv) In brief, the CI approach 386 describes the biological behavior (bioactivity) based 
on the median effect equation, including the mass-action law together with the mathematical induction 
and deduction, yielding a more robust conclusion on the type of drug interactions. Computational tools 
are available for this calculation. Once the MIC of each of the substances was determined for a set 
of microorganisms, the minimal amount of data points obtained for assessment varies from 15 to 18 
assays, usually. These points are at key concentrations ratios that are defined by the CI model: v) Another 
approach is to determine the significant response difference based on statistical analysis and utilization 
of sub-inhibitory concentrations in comparison with controls. Which are useful for the determination 
additive, non-interaction, antagonistic interactions, but are not necessarily the best option to determine 
synergistic effects. Other experimental designs are described in the review by Greco et al. 388 
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minimal active concentration MAC -Ao and MAC - Bo. A conceptual figure illustrating 

a general design can be found in Fig. 28 showing the agents concentrations as function of 

their minimal activity concentration. Four key concentrations need to be experimentally 

determined: 

• MAC -A0: minimal active concentration of the agent A alone. 

• MAC - B0: minimal active concentration of the agent B alone. 

• MAC -As: minimal active concentration of the agent A while coadministrated 

with the agent B, such that B was also in its minimal active concentration. 

• MAC - BA : minimal active concentration of the agent B while coadministrated 

with the agent A, such that A was also in its minimal active concentration. 

Once MAC-Ao, MAC-Bo, and the pair MAC-As, MAC-BA were experimentally 

determined, they can be input in the FICI equation: 

MAC-As MAC-BA 
F/Cfz,A+s ----+--- (4.2)

MAC-Ao MAC-Bo 

4.2.4 Reports on Antimicrobial Synergistic Effects 

To gain insight on the state of synergistic studies of NPs and commercially available 

drugs (CADs), scientific literature was reviewed. Only reports that fell in the criteria 

below described were analyzed. 

4.2.4.1 Literature Search Parameters 

The literature search parameters were defined as following: 

1. Databases and search engines: National Center for Biotechnology Information 

(NCBI) - Pubmed Central, 396 Scifinder, 397 Scopus, 398 Sciencedirect. 399 In the 
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a) G= growth, l=no growth, MAC=minimal activity concentration (e.g., inhibitory, 
bactericide) 

Effect of chemical agents A+B Chemical A)!Cllt ,\ 
against a given microbial strain 

0 1/32 1/16 1/11 11-1 1/2 \IIC XI 

0 (i G G G G (i I 

1/32 G G G G G G I 
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"' 
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b) FICI determination 

1. MACs of each chemical agent alone 
MAC A0 - 2.0 µg/ml A MAC-B0 = 3.0 µg/ml B 

2. Lowest concentrations at which paired combinations 
of chemical agents A+B are active 

MAC-A8 1/8 MIC-A0 1/8 (2µg/ml A) 0.25 ~g/ml A 

MAC-BA= 1/2 MIC-B0 =11'2*(3 µg/ml 8) = 1.5 µg/ml B 

3. FICI calculation for bioactivity Z, and A coadministered with B 

= MAC As MACB A _ 0.25 !:! =() 62Fie/z.A+ B -IC + MACBo 2.0 + 3.0 ' 

4. A+B interaction diagnosis based on FIClz,A+e: ADDITIVE interaction 
FICI criteria 

(Synergy] (Additive] (Antagonist] 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

Figure 28 : Conceptual illustration of FICI determination by the checkerboard method. 

a) Distribution and illustrative results of the paired combinations of two agents in a 

microdilution plate. A 2XMIC concentration should be added especially for antagonistic 

effects determination. b) FICI calculation and criteria to diagnose which type of 

interaction is occurring in the coadministration of two agents. Figure based on several 

references. 391 



cases in which the search engine also yielded recommended articles related to the 

found article, follow up of such studies was performed. 

2. Publication date: in the range from 2010 up to April 2016. 

3. Targeted content: Antimicrobial activity evaluation of commercially available 

drugs together with natural extracts against opportunistic microbes (CAD and NE

OM), such that yielded synergistic effects results which data analysis included 

either FICI or a statistical comparison between control and test groups. Also, 

analog results from testing the main component(s) of any given natural extract 

were also included. 

4. Keywords and phrases: The keywords applied to start the literature search in the 

different databases and search engines were: synergistic effects natural products 

and antibiotics, botanicals and antibiotics bioassays, plant extracts interaction with 

antibiotics, and antibiotic adjuvant bioassays. 

5. Exclusion criteria are summarized in Fig. 29: 

• results classified as either antagonist, additive, or non-interaction effects of 

CADs and NPs tests. 

• results classified as either enhancement or modulating effects of CADs and 

NPs tests, such that were reported without statistical analysis, such that it 

was not possible to conclude if synergistic effects were observed. 

• only the NPs (either as extract or purified components from it) were tested 

for antimicrobial activity 

• mixture of two or more NPs, even if those yielded antimicrobial synergistic 

effects, 

• mixture of two or more CADs, even if those yielded antimicrobial synergistic 

effects. 
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6. Methodology: Results obtained by the microdilution method were included; the 

design could be either by FICI determination (see Sec. 4.2.3), or if the differences 

between control and mixture were established as statistically significant A. 

4.2.4.2 Summary of the Literature Review Results 

Antimicrobial synergistic effects of antibiotics mixed with adjuvant agents is a 

successful strategy to tackle antimicrobial resistant bacteria 8 . Sixty four scientific 

reports, published in 2010 to 2015 are compiled in Tables A.1 and A.2); in which the 

convergence of traditional medicinal knowledge and 'Westernized medicine' can be 

observed c. They are proof that the mining natural products sensu lato (NPs) D can 

still yield useful drug additives to treat resistant nosocomial bacteria (see Figs. 29 and 

30). Methicillin Resistant Staphylococcus aureus, MRSA, a strain for which new 

antibiotics are urgently needed403 , was the most common target (Sec. 4.2.4.3). The 

261 389 390antimicrobial interactions of NPs+CADs 76, , , were determined by the 

microdilution method, usually by the checkerboard method, applying serial dilutions in 

the twofold factor mode. A whole cell phenotypic screening allowed to explore 

potential adjuvants for a wider variety of antibiotic structural families, as well as 

leaving space for the discovery of adjuvants with unknown mechanisms of action. For 

AAnother commonly utilized assay is the bioactive compound(s) disk diffusion assay, which is a 
useful screening tool, but has the drawback of the unknown diffusion factor for NPs, which can become a 
limiting factor when searching for synergistic effects, e.g., yielding false negative results. In some cases, 
a pre-screening panel was performed applying the agar diffusion test. However, it should be noted that 
deviations or disagreement between the results of those two methods can be observed, in some cases due 

390 to the low solubility or low diffusion of the analyte 76 , . 
8 For instance the commercially available mixtures of beta-lactamic antibiotic and beta-lactamase 

inhibitors: Clavulanic acid, sulbactam, tazobactam400 ; natural products that rescue the antibiotic activity 
by a well characterized mechanism of action. 

cFor instance the evaluation of Sami-Hyanglyun-Hwan Korean formulation and ciprofloxacine401 , or 
the study of traditional medicinal plants from Cameroon 402 . in both cases the plant materials were bought 
in the local market instead of being harvested in the wild or in greenhouses. Those plants are sold due to 
their ethnomedicinal value. 

0 The term natural products sensu lato, as applied in here, includes extracts derived from living 
organisms as well as purified compounds from such an extracts. These compounds could be obtained 
from either the direct original source, as biotechnological products, or from organic synthesis, being 
commercially available, or isolated at laboratory scale. 
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instance, expanding the scope of the adjuvant discovery beyond the beta-lactams E (see 

Figs. 30 and A.3). The set of CADs encompassed medications that are under control 

for the emergence resistant strains against those antibiotics 404; it also included 

antibiotics that the WHO consider as essential drugs in any health care system308 . The 

bioassays either tested raw extracts or purified natural products. Among the natural 

sources investigated were plants across the globe, from which specific plant organs 

were extracted, usually selected based on ethnobotanical knowledge (see Figs. 31 and 

Table A.I). 

Tables A. l and A.2) compile the organism's family and scientific names, potential 

bioactive compound, organ extracted, polarity of the extracting solvent, the bacterial 

strains and antibiotics that yielded synergistic effects, comments, and the respective 

citation. General comments of three parameters are given below: 1. commercially 

available drugs tested, 2. bacterial strains assayed, and 3. natural products tested. 

1. Commercially available drugs (CADs): from the 47 different drugs tested; 46 

were antibiotics from different antibiotic families, and one drug was an 

antimicrobial with dual activity against bacteria and protozoa F (see Fig. 29. The 

antibiotics' abbreviations were assigned according to the British Society for 

Antimicrobial Chemotherapy404 (see Table A.3). In all the studies, the 

antimicrobial agents were purchased as at least 95% pure, and not as 

pharmaceutical formulation. The most frequently assayed antibiotics were (the 

antibiotic's family is given in parenthesis): ampicillin (beta-lactams), 

ciprofloxacin (quinolones), and gentamicin (aminoglycosides). They are in the 

EA whole organism based bioassay has its own drawbacks; for example, there is no direct link between 
the bioassay and the mechanism of action. There might be hurdles difficult to foresee, e.g., fluidity 
of the cell membrane barriers, and a higher bioactivity detection point-higher MIC in this cases
than a bioassay based on subcellular approach are usually found . That type of results might lead to a 
misestimated bioactivity of NPs at a low concentration, or to ignore weakly active compounds that could 
be optimized for a better pharmacological effect 76 . 

Fclassification according to British National Formulary 2012 405 and also from structural 
classification from the Sigma-Aldrich website: 406 http: //www.sigmaaldrich.com/life-science/ 
biochemicals/biochemical-products.html?TablePage=14836602 

117 

www.sigmaaldrich.com/life-science


a) 

Synergistic Effects Review 

~Pt& ~jADt 

l( Excluded contents: l( 

~NP1 & a~D -
~No~ Syn_Eff_ 

~yoi 
~ADC & ~yo/ 

b) 

Online search engines: 

• SciFinder® 

• Pubmed - NCBI 

• ScienceDirect® 

• Scopus® 

NP• Notur<1l ?reduct 
CAD• Comm,:rciolly Avnllal>le Dnig 

j:(lm ·r, crJ1fita~ ri:,i-1 W'r/11/1 fl1t1c0n cam Jr u;:or U1" C.O r,'M O '◄:. . "r' 

Synergistic Effects Reports 
2010-2015 
64 scientific articles 

~<;) CAD.i., l 

~ 
78 178 

Strains tests with 

antibiotics 

55 
Different NPs 

~a.turnl 
extrncti: 
22 different 
especies 

1 animal product 
1 algae extract 

~a.in 
compoundi 
enrichment 
3 3 different 
components 

2 from bacteria 
CAD• C001morcially Avollabl• Drng NP• - ...-al proluct 

cans mod1t1M trom .,..,,,,.,,ifl1t1c«1 Cllm Jndcr rh~ {OMMC N~ ~ens" 
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Exclusion parameters of the review. b) Over all results categorized by antibiotics, strains, 
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33 different metabolites 
40 tests involving pure metabolites= 100% lavanoids, 48% 

Figure 32: Distribution of purified natural products assayed in the set of reviewed 

scientific reports (that yielded synergistic effects with antibiotics). The NPs 

classification was assigned according to the resemblance of their molecular structural 

features to canonical structures of secondary metabolite families 407 . 



list for essential drugs in a health care system, recommended by the WHO and 

under the resistant surveillance projects by CDC G and the British Society for 

Antimicrobial Chemotherapy, BSAC as well H. 

The criteria for antibiotic selection varied from study to study, and often was not 

clearly stated 1. In general, the most common motivations described in the 

articles' introductions were: a) the antibiotics' toxicity would be reduced by 

lowering effective concentration J, b) the economical burden associated to 

infectious diseases would be alleviated by shortening the dosages and 

hospitalization expenses, and c) the reverse the antibacterial resistance can 

potentially be achieved by exploring natural products bioactivity. 

2. Bacterial strains usually were clinical isolates with a specific resistance (no full 

antibiogram reported). In the reviewed reports, standard strains were the 

exception more than the rule, i.e. ATCC K and DMST; L. 3% of the studies 

included a standard strain (see Fig. 29); the strain abbreviations can be found in 

Table A.4) M. In all the cases, resistant opportunistic bacteria were the target, the 

GThe US Centers for Disease Control and Prevention, https : //www.cdc.gov/ 
8 The British Society for Antimicrobial Chemotherapy, http:/ /www.bsacsurv.org/ 

which watch over for early detection of emergent resistant strains in United Kingdom. 
1e.g., antibiotics that are available in a given health care system or field such as veterinary, antibiotics 

representative of different structural families or mechanism of action 247 . 
lfor instance, the associated toxicities to the most frequently studied antibiotics are: i) ampicillin 

can induce the development of asthma 313A08; ii) ciprofloxacin can affect the circulatory system in 1% of 
the cases, and tendinitis 408. Also, occasional anaphylactic reactions due to beta-lactamics administration 
have been reported 313A09 . iii) aminoglycosides (e.g., gentamicin) can cause ototoxicity [5 % -10%], 
which can affect, adults, children and fetus; they can interact with other medications enhancing the toxicity 
effects 312,313. 

KATCC American Type Culture Collection410 https: //www.atcc.org/ 
LDMST Department of Medical Sciences Culture Collection at the National Institute of Health 

(DMST) 
MFurther meta analysis could be performed as more details about the clinical isolated strain are 

included in the reports. Public guides or recommendation for reporting synergistic effects of NPs mixtures 
and antibiotics may help to gather more information. Cox et al. 411 genetic engineered bacterial strains 
with genestthat are known to be coding for resistance mechanisms. The researchers proposed that those 
bioengineered strains could be utilized as platform for NPs tests ; in such a way that insights on the NPs' 
molecular mechanism could be gained. This approach may need further analysis including other scientific 
disciplines in order to determine what would be the impact and potential risk of preparing that kind of 
multi-drug resistant strains. The widespread of genetic engineered superbugs might represent a threat 
itself. But, if the tests are properly centralized, then an approach similar to the CO-ADDs initiative might 
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most frequently strain tested were clinical isolates of MRSA N. MRSA is in the 

WHO list of High Priority Bacteria that requires research and development of 

new antibiotics 403 , and the CDC classifies MRSA as Serious Threat Level 240 . In 

2014, MRSA was included among the US government National Targets for 

Combating Antibiotic-Resistant Bacteria, aiming to reduce by half (to-at 

least-SO%) the bloodstream infections caused by MRSA 18 . 

3. Natural products (NPs) were classified in two categories: raw extracts and main 

component of a given botanical extract. which were (see Fig. 32): i) purified from 

the raw extract and whose molecular structure was elucidated, ii) prepared by total 

synthesis, or iii) commercially available NPs (see Table A.2). NPs O derived 

from other kingdoms were less frequently found, e.g., honey, algae, bacterial 

derived drug leads: platencimicyn and platencin. 

• Raw extracts: The compiled descriptors were: organism's family and 

scientific names, organ extracted, and polarity of the extracting solvent (see 

Fig. 30). The plant organ most frequently analyzed were the stems, the 

aerial parts extracted summed up to 35% (see Fig. 31) P_ The natural 

source and extract's polarity were usually chosen based on references from 

traditional medicinal knowledge or ethnopharmacology. Other criteria 

were the follow up of a given specie, genera, or family; and one study aimed 

the exploration of side products from industrial processes of an essential oil 

producing plant402 . 

The extraction procedure was described in all the studies (maceration, 

infusion, reflux, or soxhlet methods). The alcoholic extracs (see Fig. 31) 

be a good option. Other solutions need to be envisaged e.g., for initial screenings, for biogeographycally
limited diseases. 

N Shigella fiexeneri , an intestinal pathogen, was the only pathogenic bacteria tested in the set of 
publications reviewed. 

0 1n the set of reviewed reports of synergistic interactions between CADs+NPs. 
PReports exploring flower extracts were not found; while the phenological state (e.g., seeding, 

flowering) or collection date were uncommonly reported. 
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were further fractionated, the a non-polar subfraction was then bioassayed 

(e.g., ethyl acetate sub-fraction) Q_ The aqueous extract obtained as a side 

product of the industrial essential oil extraction, the so-called the hydrolate, 

was tested402 , which fits in the bioprospecting framework. 

Several techniques were utilized to analyze the extracts' composition, e.g., 

a thin layer chromatography, high performance liquid chromatography 

coupled to mass spectrometry. However, such analyses were not 

consistently included. 

• Main components of a given botanical extract or purified NPs whose 

molecular structure have been elucidated were described including 

common chemical name, iicompound classification according to the 

secondary metabolites family, iii plant of origin, iv if the substance was 

purified from the raw extract, prepared, or commercially available (see 

Tables A.1 and A.2). The family most frequently tested were fiavonoids R. 

Flavonoids show a variety of bioactivities -besides antibacterial- with a 

mid-intensity effect, i.e. anti-inflammatory and antiviral activities. Efforts 

toward understand their mechanism of action at a molecular level are 

ongoing415-417 . In a not so far future, it is highly probable that flavonoids 

will be included as drug adjuvants in medications. 

The adjuvant antimicrobial activity space for alkaloidal family has been less 

Qlt should be mentioned that the extracts were usually fully evaporated, and then redissolved for 
further purification and analysis. Non-polar extracts were usually redissolved in dimethylsulfoxide 
(DMSO), and then tested for their bioactivity. DMSO is not present in the final drug formulations, but it is 
commonly utilized to dissolve low polarity compounds in aqueous systems, instead of non-polar solvents 
such as hexane. It should be mentioned that DMSO by itself has a metabolic effect in cells that can affect 
the outcome bioactivity results 412 . Control experiments quantifying solvents effects were not generally 
clearly stated in the studies summarized in Tables A.1 and A.2. Ideally, the solvent effect should be 
determined for the specific strain tested 41 3, Moreover, this type of experiments could even be considered 
as a ternary mixture: NPs, CAA, and the solvent. Other approaches for suspension or dissolution of NPs 
are needed in order to reduce false positives or potency overestimation of a given NPs. 

RReports included flavonoids that belong to different subfamilies, such as chalcones and flavanones. 
To date some of them are included in dietary supplements that are not necessarily approved by the Food 
and Drug Administration, FDA. For instance, quercetin in vitamin C supplements that claim to boost the 
immune response 414 . 
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explored. The 25% of the NPs families explored for that bioactivity (see 

Fig. 30). For the alkaloid definition and related examples see Sec. 2.2.2). 

Three alkaloids s were clearly defined as druggable structures: berberine, 

platensymicin, platencin T (see Tables A. l and A.2) . These three alkaloids 

showed stronger adjuvant potency with a more specific effect than the set 

357of flavonoids tested45 , ,418A19 (see Table A.2). The mechanism of action 

of these three compounds has been proposed to be orthogonal to those of 

the CADs. Further functionalization of the alkaloidal skeletons allows their 

357A18medicinal chemistry improvement45, ,419. 

The dominant supplier of natural products, by either natural extract 

purification or organic synthesis preparation, was Sigma-Aldrich company. 

u 

Successful examples of CADs+NPs, at in vitro level, hint that the enhancement of 

the antibacterial activity of CADs is a worthy approach to keep exploring and expanding. 

As it is further exploited, some challenges need to be addressed (or taken in account): a) 

A given extract can yield synergistic effects for some strains while antagonistic for other 

strains. b) The reproducibility is an issue related to the intrinsic complexity of natural 

extracts. c) The information included in the scientific reports can be more consistent 

across literature, e.g., extract's composition, control experiments, strain profile. d) 

The need of widespread a high throughput analysis platform to speed up the analysis in 

each stage of the NPDD. e) Funding related to bioprospecting studies, as well as human 

resources, are required. f) Innovative approaches, aiming to increase the success rate of 

plausible medications derived from NPs and CADs mixtures need to keep developing. 

sfor antibiotic adjuvant activity at a synergistic level 
TThe latter two are being considered to be antibiotics per se and are under further development by 

Merck pharmaceuticals 357 . 

uWhich recently merged with Merck, and renamed as Sigma-Millipore420 . 
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4.2.4.3 Staphylococcus and Other Nosocomial Bacteria 

All the above introduced reports studied opportunistic pathogens that have had 

originated hospital acquired infections. These strains are becoming a resistome 

reservoir that can be shared among other opportunistic bacteria (e.g. , horizontal gene 

421 ).transfer to S. aureus from S. epidermidis 333 , If such a resistome is totally or even 

partially acquired by a given pathogenic bacteria, then opportunistic resistant strains 

become a higher latent risk for the humankind. For instance, in 2012, 36% of neonatal 

deaths were related to infectious diseases worldwide; in developing countries that are 

423located in Africa, 76% of pediatric fatalities were due to infectious diseases 422, . 

Methicillin-Resistant Staphylococcus aureus (MRSA) and other staphs are a 

worldwide global epidemy A. MRSA was first ranked 425 as the causal agent of 

mortality associated to antibiotic-resistant infections in USA 8 . In UK, the incidence of 

HAI in intensive care units was up to 23.4% (the main causal agents were S. aureus and 

S. epidermidis) 421 . Resistant staphs are distributed globally, and are the causal agent of 

infections in the skin and soft tissues 425 ( pneumonia, septicemia or bacteremia, 

endocarditis, septic arthritis, osteomyelitis, food poisoning, and surgical wound 

infections, among others421 A25 ). 

At least four global waves of resistance 427 of S. aureus (SA) had been identified 

since the first antibiotic systematically administered in the 1940's (penicillin). Resistant 

staph strains were first reported as causal agent of nosocomial infections in specific 

geographical areas around the globe c, following a rapid spread in the health care 

settings, and then to the communities. Later on, it was acknowledged as a worldwide 

Astaphylococcis are Gram-positive cocci, nonmotile, non-spore forming, facultative anaerobe that 
classified in two main groups , coagulase-positive and coagulase-negative. SA is coagulase positive, and 
SE is coagulase positive. Taxa classification: Bacteria; Firmicutes; Bacillales; Staphylococcus 424 . 

8 The cost of a hospitalization that derived in an HAI (e.g., pneumonia) has an average cost of 
roughly 41 ,000 USD (data from 2014) 425 . The USA economic burden due to HAI was determined to be 
in the range of 12.3 billion USD to 14.5 billion USD (data from 2003) 426 . 

cNotice that the nosocomial infections vigilance was first installed in Northern hemisphere countries, 
thus the true origin of these epidemic clones might be different, but surely in those areas the resistant 
strains were first detected and reported. 
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phenomenon. D. 

From the second wave onwards, the epidemic clones were genetically characterized 

E. i) penicillin-resistant SA, (1940s-1960s), USA, ii) methicillin-resistant SA I, 

(1949-1980s), USA (MLST 250), iii) methicillin-resistant SA II, (1980s-2000s), 

Europe (five different MLST clonal clusters), iv) non-multidrug-resistant 

methicillin-resistant SA III, (1990s-after 2000s), USA (MRSA-USA-300) and 

Australia, this infections are characterized by more frequently occurring in skin 

and soft tissue427 . Specific groups in USA were identified as at high risk populations 

for MRSA-community acquired infections (children, populations that interact by 

physical contact, incarcerated populations, and under-served urban populations) 427 F_ 

The MRSA-USA-300 is spread out in USA to the point that it is becoming difficult to 

distinguish between CAI and HAI caused by this staph427 . 

The microbiologists community utilizes the strains MRSA-USA-300 and 

MSSA-UAMS-1 (a virulent methicillin susceptible S. aureus) as gram positive 

bacterial models (see Table 4.2) 309 . They belong to the so-called ESKAPE pathogens: 

Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter 

baumanii, Pseudomonas aeruginosa, Enterobacter species 428 . The ESKAPE strains 

are a set of antibiotic-resistant pathogenic bacteria that represents new paradigms 

regarding pathogenesis, transmission, and resistance 428 G_ 

0 The difference between hospital acquired infections (HAI) or nosocomial infections and community
associated infections (CAI) is that the patients with the latter type (CAI) we outside the health care setting, 
such that they were not recently exposed to it, and thus the CAI causal agent was acquired an environment 
not associated to the health care system 427 . 

EWhich evolved as improved molecular biology techniques became available, initially by multilocus 
sequence typing (MLST) to full genome sequencing421 A27 . 

FMultiresistant strains of the gram positive cocci S. epidermidis, gram negative rods K. pneumoniae 
and E. cloacae are also related to HAI and CAI 427 . 

Gin this study, Erwinia carotovora was studied as a faster growing relative of P. aeruginosa. ErC is 
relevant as phytopathogenic bacteria as well 428 . 
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4.2.4.4 Examples of NPs Mechanisms of Action That are Orthogonal to the 

Antibiotics' Mechanism of Action 

Proposed interactions of NPs with bacterial components are depicted in Figs. 33 and 

35. Curcumin, pigallocatechin gallate (EGCg) and berberine are examples of natural 

products whose mechanism of action have been frequently studied at sub-cellular level. 

The main component in the curcuma spice, curcumin, disrupts the bacterial cell 

429A30membrane, probably by intercalating in the lipid bilayer263 , . The main 

antioxidant component in green tea, EGCg, have been reported to inhibit 

beta-lactamase (an antibiotic degrading enzyme); EGCg interacts with cell membrane 

52 95 261 263 264A31-434components, disrupting the cell membrane integrity 36, , , , , . The 

alkaloid berberin inhibits efflux pumps with medium specificity-a resistance 

mechanisms- enabling the antibiotics to remain longer periods inside the bacteria to 

5o,95 435interact with the desired target29A5, , . Bacterial cell membrane disruption is a 

non-specific interaction, saponins, other polyphenols and flavonoids 259 , and essential 

248oils can exert this effect as well 51, . Bacteriostatic effects of polyphenolic 

compounds such as coumarins, gallic acid, and flavonoids are attributed to: i to 

precipitate proteins, a non specific interaction that reduces the bacterial 

265metabolism51 ,265; ii to act as enzymatic reversible inhibitors 51 , , reducing the 

bacterial metabolism, especially if the targets are housekeeping processes; or iii to 

deplete the bacterial proton motive force and electron flow, thus reducing the amount of 

the biochemical energy available, which can induce a non-reproductive state in the 

bacterial metabolism266 . As more information on these mechanisms of actions is 

gathered, the medicinal chemistry of NPs as drug candidates can be improved. Assays 

aiming a high throughput approach for the exploration of NPs mechanisms of action 

against bacteria have been developed, for instance the NPs interactions with 

peptidoglycan, ATPases inhibitors, efflux pump inhibitors, membrane disruption 261 , . 
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333 421 A24 427A36,437Table 4.2: Brief description of the opportunistic bacteria 309, , , ,437-443 

relevant to this study. Order of higher order taxa information: Domain, Kingdom, Phylum, Class, Order, Family, Genus; 

Abbrv. = Abbreviations; BCMM-VGU = Microorganisms Collection of Biochemistry and Microbiology Department Laboratory, 

at del Valle of Guatemala University; CLIM-UB = Microorganisms Collection of Dr. Campagnari 's Laboratory, at UB Dept. of 

Immunology and Microbiology. Env. = Environmental ; HAI= Hospital Acquired Infections; PP= Phytopathogenic; tD = doubling 

time. Resi stome related Abbrv.: AcrA/B/R = multidrug efflux pump; ermA/B/C = erythromycin methy lase resi stance; icaA/icaD 

= intercellular adhesion gene; mef = macrolide efflux gene; PVL = the Panton-Valentine leukocidin, a pore-forming cytotoxin ; 

SCCmec = staphylococcal cassette, type A, resi stance to lactams. 

Abbr. 

MRSA
USA-
300 

MSSA
UAMS-1 

SE 

KP 

EC 

Ere 

Bacteria Strain Relv. Description Resistome Source Refs. 

Staphylococcus Methicillin HAI Gram positive cocci , 30% of the USA population is a PVL CLIM- (Carrel, 2015; 
aureus subsp. Resistant, carrier in the nasal mucose. MLST type ST8. SCCmec IV UB Lepuschitz, 
Aureus (Bacteria, USA-300 Predominant MRSA circulating USA by 2011. 2018; 
Bacteria, Coagulase positive. It commonly infects skin and Meric,2015) 
Firmicutes, Cocci, soft tissue, it can cause: bacteremia, pneumonia, 
Bacillales, endocarditis , osteomyelitis. It causes GAis too. 
Staphyloco UAMS-1 , HAI Virulent, genome contains genes associated with CLIM (Sassi , 2015; 
ccaceae, osteo invasive isolates. High binding capacity for host UB Cassat, 2005)
Staphylococcus) myelitis proteins. It produces limited amount of exoproteins. 

isolate 
Staphylococcus clinical HAI Gram positive cocci , comensal bacteria in epidermal Biofilm CLIM (Chaieb, 
epidermidis isolate, Multi microbiota, the most frequent coagulase negative formation, UB 2007, Gomes, 

Drug- Staphs causing HAI. It can form biofilm, able to SCCmecA 2014; Meric, 
Resistant colonize over different surfaces, including medical PBP2a 2015; 

implant devices and other biomaterials. It produces icaA/icaD Namvar, 
phenol soluble toxins. ermA/B/C 2014; Otto, 

met 2009; Otto, 
2017) 

Klebsieffa clinical HAI Gram negative rods , facultative anaerobe, its thick carbape CLIM (Band, 2018, 
pneumoniae isolate capsule layer helps to evade phagocytosis, can fix nemase, UB CDC, 2012; 
(Bacteria, Proteo nitrogen in anaerobic conditions, native of the human some show Microbewiki , 
bacteria, Gamma- intestinal flora. Causal agent HAI in lungs, resistance 2017) 
proteobacteria, bloodstream, wound or in surgical site, and brain. to 
Entero- Spread by contact of contaminated medical polymyxins 
bacteriales, personnel and tools. It can cause urinary tract 
Entero- infections, pneumonia, septicemia, and soft tissue 
bacteri aceae, infections. 
Klebsieffa) 

Enterobacter Env. Isolate HAI Gram negative, rod--shaped bacteria with flagella for cephalos BCMM- (Dijk, 2000; 
cloacae (Bacteria, movement, facultative anaerobe, with the highest porinases, VGU Microbewiki , 
Proteo-bacteria, mortality rate among Enterobacter infections. It can AcrA/B/R 2017; 
Gamma- cause bacteremia, endocarditis, septic arthritis, Namvar, 
proteobacteria, osteomyelitis , and infections of the lower respiratory 2014; NCBI, 
Entero- tract, intra--abdominal, ophtalmic, skin and soft 2018) 
bacteriales, tissue. It can be ubiquitously found: in the 
Enterobac- environment, in the hands of personnel , 
teriaceae, intravenously administered products and related 
Enterobacter, 
Enterobacter 
cloacae complex) 

equipment. It is also used as biological control of 
some plant pests. 

Erwinia Env. Isolate PP Gram negative, rod-shaped bacteria, non-spore carbape BCMM- (McGowan 
caratovora subsp. forming , flagellated , facultative anaerobe. It can nem gene VGU etal , 2003; 
carotovora 
(Bacteria, Proteo-
bacteria, 
Gammaproteo-
bacteria, Entero-
bacteriales, 
Enterobacte-
riaceae, Erwinia) 

enzimatically degrade a variety of the plant's 
carbohydrates polymers, can be found in soil , 
insects guts, water, air. Causes a variety of 
vegetables to rotten in field and in storage: carrots, 
potatoes, cucumbers, onions, tomatoes, lettuce, and 
ornamental plants, among others. It is able of 
horizontal gene transfer. 

cluster Microbewiki, 
2017) 



Studies on inhibitors of bacterial biofilm formation 444 H requires more attention-from 

the NPs perspective. 

4.3 Experimental Details of the Microbiological Activity 

of the Botanical Extracts 

The microbiology assays were performed following recomendations of the Clinical and 

Laboratory Standards Institute (CLSI) 380 , the European Committee on Antimicrobial 

Susceptibility Testing (EUCAST) 445 , and guidelines given for natural products 

bioactivity determination 381 . 

The experimental work related to bioassays was performed in two facilities: 

1. The initial screening by disk diffusion method, growth curves and hemolysis tests 

were carried on at the Biochemistry and Microbiology Dept., Del Valle of 

Guatemala University (BCMD-UVG), 18 avenue 11-95 zone 15, Vista Hermosa 

3, Guatemala, Guatemala, Guatemala, Central America. Partial funding for these 

experiments was from VGU. 

2. The synergistic bioassays were performed at Dr. Anthony Campagnari's 

Laboratory, Microbiology and Immunology Dept., Jacobs School of Biomedical 

Sciences, Universityat Buffalo, Buffalo, NY (CL-UBMicro). Full funding for 

these experiments was from Dr. Campagnari's laboratory. 

4.3.1 Microorganisms 

All microorganisms analyzed have been associated to nosocomial infections , except 

for the phytopathogenic bacteria Erwinia carotovora which was chosen due to its 

shorter replication time compared to other opportunistic bacteria and it is related to 

"another resistance mechanism 444 
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Of cell memb. w/Transmembrane forming 
integrity proteins 

Figure 33: Examples of antimicrobial resistance mechanisms that can reduce the intrabacterial drug accumulation. Mechanisms 

of resistance depicted: one type of efflux pump; change in the permeability of the cell membrane (alteration in the porins and 

lipopolysaccharide distribution); change in the 3D structure of the antibiotic's target; enzymatic degradation of the drug (beta

51 253 267lactamases); penicillin binding proteins in the periplasmic space , - . The bacterial subcellular components, from extracellular 

space to intracellular space, are: alginate, outer cell membrane, periplasmic space, peptidoglycan wall, inner cell membrane, inner 

cellular space. 
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Pseudomonas aeruginosa (see Sec. 4.2.4.3). First are listed the bacterial strains (a 

brief description can be found in Sec. 4.2.4.3, Table4.2), opportunistic yeasts are listed 

afterwards (findings related to fungicide activity are summarized in Appendix A, Table 

A.5). 

1. Methicillin Resistant Sthapylococcus aureus-VSA-300 (MRSA-USA-300), 

from CL-UBMicro bacterial culture collection, features as reported by CDC 427 . 

2. Methicillin Susceptible Sthapylococcus aureus UAMS-1 (MSSA-UAM-Sl), 

from CL-UBMicro bacterial culture collection, code: ATCC 9280, virulent. 

3. Staphylococcus epidermidis, clinical isolate, from CL-UBMicro bacterial culture 

collection, code: TAR 0594 

4. Enterobacter cloacae, isolated from an environmental sample, from 

BCMD-VGU bacterial culture collection, classification according to biochemical 

tests results. A 

5. Erwinia carotovora, phytopathogenic bacteria isolated from an edible plant 

sample, from BM-VGU bacterial culture collection, classification according to 

biochemical tests results. 8 

6. Klebsiella pneumoniae, clinical isolate, from CL-UBMicro bacterial culture 

collection, code: TAR KP4. 

7. Candida albicans, yeast, from BM-VGU bacterial culture collection, clinical 

isolate. 

AThe time frame of the E. cloacae growth curve is about 9 hrs, faster than other bacteria. 
8 The time frame of the E. carotovora growth curve is about 9 hrs, faster than other bacteria. 
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4.3.2 Reagents, Materials, and Equipment 

Antimicrobial agents: antibiotics: gentamicin (GEN, Sigma, l0mg/mL commercial 

sterile solution), vancomycin (VAN, Sigma, 99.9%, solid), tetracycline (TET, Merck, 

99,9%, solid); Ez stripsR for minimal inhibitory concentration determination 

(BioMerieux) C: 

gentamicin (GEN), amoxicillin - clavulanic acid (AMOX-CLAV), and vancomycin 

(VAN); surfactant agents: dodecyl sodium sulfate (SDS, anionic surfactant, Sigma, 

98%, solid), alconox (anionic detergent, Sigma-Alconox Inc.), saponin (non-ionic 

surfactant, plant derived, Sigma, 8-25%); Extracts and fractions of three plants from 

the rainforest prepared according to Sec. 5.1. 

Solvents: ultrapurified water (mqH2O, MilliQ system, resistivity of 18.2 

Mohms*cm ), distilled water (dH2O, Salvavidas), Ethanol 95% (Merck), methanol 98% 

(Merck), dimethyl sulfoxide (DMSO, Merck, 99.9%), phosphate buffered solution 

standard tablets (PBS, Sigma: 446 0.01 M phosphate buffer, 0.0027 M potassium 

chloride and 0.137 M sodium chloride, pH 7.4, at 25 °C). 

Chemical disinfectants: Ethanol 70% (Laksochem), methanol 98% (Merck), 

commercial bleach (Clorox),. 

Growth media: Mueller Hinton agar and broth (Merck), Brain Heart Infusion agar 

and broth (Hardy), Sabouroud agar (Merck), Blood agar (Merck) were prepared 

according to the supplier recommendations D. 

Materials: borosilicate filter papers, disposable filter membranes for biological 

solutions (0.2 µm, for bacterial removal), disposable syringes, 94 microwells titration 

plates, micropipettors and tips [10, 50, 100, 200, lO00]µL, conical disposable tubes 1, 

CE test strips Biomerieux SA: Gentamicin GM, [0.016-256] µg/mL, Lot 1003051290, Ref. 412367, 
2019/03/30, Biomeriux; Vancomycin VA, [0.016-256] µg/mL, Lot 1003449250, 2019/09/22; Amoxicillin 
/ Clavulanic acid (2/1) XL, [0.016-256] µg/mL, Ref. 412240, Lot. 1002814790, 2016/12/11. 

0 Plate preparation: Autoclaved medium, cool down to [52-55]0C in water bath, antibiotics were 
added accordingly The plates were poured under sterile conditions, allowed to solidify, labeled (type, 
date, and initials) and stored at 4 °C, inverted to avoid condensation. Sterility control was performed for 
each prepared lot. Plates were rewarmed at RT prior to use. 
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2mL. 

Equipment: Bunsen burner, laminar flow safety cabinet, autoclave, incubator, 

ELISA reading UV-vis spectrophotometer, VIS-spectrophotometer, water bath, 

continuous shaker incubator, analytical balance, pH-meter, refrigerator 4°C, freezer 

-10°C, freezer -20°C. 

Sterile conditions: the aseptic technique guidelines given by American Type Cell 

Culture447 were applied permanently, e.g., all non-flammable and non-thermolabile 

substances were autoclaved, disposable materials were utilized only once, sample 

handling was performed either in a thoroughly sterilized biosafety cabinet class II 

(BM-UVG facilities), or within the sterile field created by the blue flame of the Bunsen 

bumer448 (CL-UBMicro). 

Dilution of Antimicrobial Agents 

Commercially available antibiotics: Gentamicin commercial solution was diluted with 

PBS, stock solution (10 mg/mL). Vancomycin commercial solid was dissolved in PBS, 

stock solution ( mg/mL). Tetracycline commercial solid was dissolved in ethanol 95%, 

stock solution (mg/mL). At least five aliquots were prepared of either the stock solution 

or 1/10 dilutions, all antibiotic dilutions were stored at -20°C, in a red plastic box labeled: 

LNitsch. Antibiotics. 2016. Serial dilutions were prepared as needed, re-utilization of 

thawed solutions was avoided for all but some plant extracts. 

Plant extracts: An initial stock solution of 200 mg/mL was prepared in a suitable 

solvent. 

4.3.3 Assays for the Determination of the Potential Antibacterial 

Adjuvant Activity of Botanical Extracts 

Minimal activity concentration were determined following the recomendations by the 

Clinical Laboratory Standards Institute for pure antimicrobial agents 380 and other 
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sources 381 . Because among the antimicrobial agents were commercially available 

antimicrobials but also plant extracts, that methodology was modified accordingly. 

4.3.3.1 MIC determination of commercially available antibiotics 

Ez-test-based MIC assays The MIC was determined by the Ez test method for the 

opportunistic bacteria MRSA-USA-300, MSSA-UAM-Sl, S. epidermidis, and K. 

pneumoniae the set of antibiotics used was: GEN, AMOX-CLAV, VAN, in duplicate, 

the latter was tested against gram positive strains only, in agar Muller-Hinton, 24 hrs 

incubation, 36°C. 

4.3.3.2 Fractional Inhibitory Concentration Index Determinations to Classify the 

CAD-Natural Product Interaction Against a Set of Nosocomial Bacteria 

The general process for FICI determination via the microdilution method is shown in 

Fig. 36. The CLSI protocol for MIC determination was followed with several 

modifications. 25 µLbotanical extracts were added according to the plate design (see 

example of design in Figs. 36 and 28). All raw extracts were diluted with 2X growing 

media, while purified fractions were diluted with a suitable solvent. Gentamicin was 

diluted with 2X growing media (not water) such that 25 µLof this solution were added 

to a final volume of 100 µLwould yield the desired concentration. An evaporation time 

of 30 min was given, under sterile conditions and 25°C E. Then, 25 µLculture 1: 10 0.5 

McFarland in PBS suspension were added to each well (except for the sterility 

controls). The mixtures were incubated for 24 hrs, 37°C, in a microbiological 

incubator. The 0D6oo were read at time zero and 24 hrs. Afterwards, 10 µLof each 

well were deposited in fresh Muller-Hinton agar plates and were reincubated for 24 

hrs. Growth evaluation was performed under magnifying glass. Isolated colonies were 

Evariants of how the diluted purified fractions were added to the microdilution plate were tested: for 
volatile solvents (e.g., etOH 95 %) and once mixed with the antibiotic, evaporation times were evaluated: 
0, 10, 20, 30 min under esterile conditions and 24 hrs. 30 min yielded normal growth in the respective 
control. Sample was treated as binary mixture of components, not including the diluting solvent effects. 
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considered as contamination --due to aereosols formed during the reinoculation- if 

they were not inside the diameter of the circle formed from the sampling process. 

4.3.3.3 A Rough Determination of the Fractional Inhibitory Concentration Index 

(FICI) of CADs+NPs by the Antimicrobial Gradient Method Hyphenated 

with the Agar Dilution Method (NP-strip-test) 

Rationale: the FICI's of commercially available antibiotics (CADs) are traditionally 

determined by the microdilution method. 

The FICI's determination of CADs+NPs might represent a challenge that can 

extend the bioprospection timeframe F. The MIC and MBC of a given CAD against the 

targeted bacterial strain can be found in the reported breakpoints-by CLSI or 

EUCAST- or can be experimentally determined especially for clinical isolates (e.g., 

by the antimicrobial gradient method, Ez method, Biomercurieux). The determination 

of FICI for compounds that have not been previously tested, such as NPs G, the MIC 

determination by the microdilution method might add one factor more to solve. It is 

needed a NPs concentration value as starting point for the concentration's scheme 

design. Even though the 200 mg/mL concentration is usually a reference to start testing 

bioassays (as it was done in this project), there is the case for which this concentration 

might be to high to start with. 

Let's consider three scenarios that can derive from an experiment utilizing 200 

mg/mL as reference: a) the extract shows no bioactivity at this concentration, and it can 

be taken for the next step in the experimental design, for instance to test another type of 

bioactivity; b) the extract is bioactive in the concentration range around the 200 

mg/mL, and further purification is required to pursue isolation of the bioactive 

F e.g. , a full MIC experiment takes at least 72 hrs of incubation for microorganisms to grow, plus 
the time needed for solution preparation, scheduling, etc. More trials may be needed depending on the 
physicochemical properties of the NPs under investigation. 

Gspecially for the cases in which reports of antimicrobial activity tests of structural related compounds 
are not available, e.g., new chemical entitities isolated from a given plant extract. 
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Figure 36: A general flowchart for the determination of MIC and MBC of a given antimicrobial solution against microbial strain(s) by 

the microdilution method, normal growth control included. 



compounds, or, in the case of purified fractions, it might be discarded for this 

bioactivity or to start a medicinal chemistry structural optimization. c) the extract is 

bioactive at the lowest concentration tested in the experimental design derived from the 

200 mg/mL bioactivity threshold assumption. This raises the question about which is 

the minimal bioactive concentration, and several dilutions and tests might be required, 

extending the bioprospecting time process. 

In order to narrow down the search of the concentration range for FICI 

determinations by the microdilution method, a fastest method is needed for 

pre-screening santimicrobial adjuvant activity. Inspired in the Ez strips and the 

technique utilized for discovering clavulanic acid 342 , synergistic interactions among 

antimicrobials,449,4so as well as helpful discussions with Dr. Nicole Luke (Dr. 

Campagnari's Lab), an hyphenated technique was designed. The antimicrobial gradient 

method (AGM) was combined with the agar dilution method (ADM). The concept of 

AGM was applied for the natural product part (this in part for the NP's limited available 

amount and agar solubility issues). So there would be the NP-gradient strips, with the 

challenge of precise known concentration at the agar, as well as the unknown diffusion 

factor of the given NP. The ADM concept was applied for the commercially available 

antimicrobial, whose MIC was previously determined (MICcAD)- The selected 

concentration was half of the MICcAD, because based on the FICI equation, it can give 

an idea of at least the respective concentrations that yield additive effects H 

HA = commercially available antimicrobial (CAD), B= natural product (NP) 

FICI= MIC-As MIC-BA 
MIC- -A0 + MIC-B0 

MIC-A 0 = x; MIC-As = ax; 

MIC-B0 = y; MIC-BA = by; 

then: 

ax bx
FICI = - + - = a + b; 

X X 

if experiment is performed at half MIC, then: a= 0.5, 

then: 

0.5 < [FICI = 0.5 + b]; at least additive effects can be detected; 
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Additionally, 1/4 MICcAD can be considered, and this might reveal synergistic effects 

in this pre-screening step. A set experiments were performed as proof of concept. 

FICI Rough Determination of Natural Products by the Antimicrobial Gradient 

Method Variant (NP-strip-test): The general process for FICI determination via 

the NP gradient method hyphenated with agar dilution method is shown in Fig. 4.3.4.1. 

Strip impregantion with an antimicrobial agent In rectangles of borosilicate filter 

paper (5x3 cm, Millipore, 2µm), a concentration gradient of approximately 200 mg to 

20 mg of Acl lK was manually generated. The addition of 10 µLof a serial dilution side 

by side (the circles were just touching their borders), was then dried for 24 hrs under 

atmospheric air flow and room temperature, protected from dust. The natural products 

impregnated strips were cut, with previously sterilized scissors, in rectangles of about 

0.5 cmx 5 cm. 

Agar plates with antibiotic: Previously sterilized melted Muller-Hinton agar was 

mixed with a vancomycin at half MICMsRA-USA-300 as final concentration in the agar 

plates. The NP-strip was deposited on the agar surface, previously inoculated with 100 

µLseeding solution of MRSA-USA-300 at 0.5 McFarland. Solvent, filter paper, and 

normal growth controls were included. 

The concentration values utilized for the FICI calculation were the half MIC VAN, 

and the minimal active concentration of the natural product tested. Which was 

identified as the point where the inhibition halum ellipse closes. The concentration was 

interpolated from the a linear regression equation derived from of the known deposited 

concentration as function of distance, utilizing the software Analysis ToolPak, 

Microsoft Excel v2016. 

Also an Ez-strip overlay experiment was set up, see Appendix Figs. 93 and 94 

A similar approach can be done for a = 0.25 or 1/4 MICcAD, for which is found that: 0.25 < [FICI = 
0.25 + b]. As Synergistic effects are classified with FICI below 0.4, synergistic effects can be detected. 
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4.3.4 Further Exploration of Potential Bacterial Elicitor Activity of 

the Aqueous Extract of D. ambrosioides 

4.3.4.1 Agar dilution method 

The CLSI protocol for yeast MIC determination by the agar dilution method 

45(ADM) 3so, o was followed with several modification. Sabouroud agar was prepared 

according to the supplier recommendation, taking in to account the volume contribution 

from the extract as if it was water only, see Fig. 4.3.4.2. 100 µLof seeding solution of 

106 UFC Candida albicans (0.5 McFarland) was inoculated in each plate, and 

incubated at 37°for 48 hrs. The controls included were: medium sterility ( one plate) 

and normal growth (triplicate). 

4.3.4.2 Effect of Aqueous Extracts Over the Growth Curve Parameters of Two 

Opportunistic Bacteria 

Strains: Erwinia carotovora, Microbiology Culture Collection of BCMD-UVG, 

strains isolated from environmental and vegetable samples, respectively. Growth 

media: Brain Heart Infusion (BHI) broth and agar (both from Merck), distilled water 

('Salvavidas' brand), it was prepared according to manufacturer recommendations. 

Antibiotic: tetracycline (99.9%, Merck), dilutions were performed in ethanol 95% 

(Merck). Extracts: D. ambrosioides leaves, autoclave method (see Sec. 5.1.4). All the 

reactants, materials, and glassware, were autoclaved, except: antibiotic, surfactants, 

commercially available disposable sterile materials. 

Seeding bacterial dilution at 0.5 McFarland: a sample from the cell culture 

collection was striked in BHI agar, and incubated at 36 °C, for 24hrs. One isolated UFC 

was re-incubated in 10 mL BHI broth, 36 °C, for 24hrs, constant agitation at 180 rpm. 

The seeding solution was adjusted to 0.5 McFarland conditions ([0.08-0.125] Abs. 

units at 600nm, equivalent to 1.5 * 108 Former Colony Units / mL ) with sterile BHI 
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broth (see appendix Sec. A.1.2 for McFarland standards model of bacterial growth). 

Mixtures preparation: for extract related tests, the preparation of BHI broth was 

modified, such that the growth medium components were at the manufacturer's 

recommended concentration, after adding the plant extract 1. lmL of the seeding 

bacterial dilution at 0.5 McFarland was diluted to 100 mL final volume, with growth 

medium mixture (GMMx). The expected final UFC would be 1.5 * 106 Former Colony 

Units / mL GMMx, being the bacterial's physiological at the linear growth phase (see 

Sec. 4.2.2). 

Growth curve (see Fig. 39): the sampling the bacterial growth processes were 

performed in one hour intervals, under sterile conditions, taking two lO0µLaliquots 

from each mixture to be analyzed; they were directly transferred to the plastic cells 

assigned to each mixture, the same cell was utilized along the experiment J. The 

erlenmeyers containing the mixtures were reincubated immediately after the sampling 

(aiming a window time of less than 2 min/mixture). Absorbance at 600 nm was taken 

afterwards, usually homogenizing the sample before the absorbance reading. 

Waste disposal of potential biohazardous substances: All autoclavable containers 

and contents were autoclaved after finishing the analysis, and further cleaned up with a 

three step washing protocol (Alconox 1 %, dishwasher, oven drying at 70°C). Those non

autoclavable containers that were exposed to bacterial biomass were biosafely discarded 

and collected by a company specialized in processing bio-hazardous materials. 

Data analysis: Wolfram-Mathematica software was utilized to prepare plots and 

data processing: blank subtraction and mathematical model fit to Gomptertz bacterial 

growth model at 99% confidence (see Sec. 4.2.2.1). All raw data was included in all the 

1For example: if the test is for 1.5 L of a growth medium mixture (GMMx) with a concentration 
of 20% (v/v) extract, then the BHI broth was prepared adding enough medium for the recommended 
concentration at the final volume: 

37gBHI
1.5LGMMx * ------ = 55 .5 g, prepared in 1.2 L distilledwater (4.3) 

lLdist il ledwate r 

Then, 0.3 L of the selected extract were added after both were sterilized. 
JThis would reduce data scattering that can be attributed to differences in the cell ' s optical properties. 
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analysis, plots of the normalized data were prepared by subtracting the absorbance due 

to the extract's components. For example, the absorbance (600 nm) of normal growth 

control with 100 µL of seeding solution, at time zero, was 

A contro/
1
=0 = 0.004 Abs units (which was previously zeroed with the pure growth 

medium broth). The absorbance for a test with 10 % Da-lvs extract, and 100 µLof 

seeding solution, at time zero was A10LE,=o 0.455 and at time 1 hr was 

A10LE
1 
= 2 = 0.585 Thus the normalized absorbance (nA) was calculated as follows : 

nA10LE(t=2) = A10LE(t=2) - ( A10LE0 - Acontrolo) 

= 0.585 - (0.455 - -0.004) = 0.134Abs units 

This allowed for a better appreciation of the extract's effects over the At3max;and 

µf3maxi· The parameter µf3maxiwas not affected by the applied normalization. Three 

parameters were calculated: maximum growth (At3max; = Abs. units), maximum growth 

rate (µf3m axi = Abs. units/hr), and lag time (At3ri = hrs). The µf3maxiwas calculated for 

each curve applying the the non-linear model Gomptertz bacterial growth model (see 

376 377Sec. 4.2.2.1) 374, , . It was assumed that the error estimated in the model fitting 

accounted for the experimental error, and any further unit transformation was also 

applied to it. The maximum growth rates µf3maxiwere transformed to Colony Former 

Units / hr (CFU/hr) applying the approach developed by Begot et al. (see Eq. 

4.2.2.1) 377 . 

The effect of a given treatment over the doubling time was classified as significantly 

different from the normal growth based on the simplified Pocock's statistic test451 

(calculated with the software Windows-v2016-Excel). 

4.3.4.3 Haemolysis Test 

The corroborative test for the saponins' presence was the qualitative determination of 

hemolytic activity. Qualitative test In a plate of blood agar, prepared according the 
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Anti A general flowchart for theMicroorganisms 
microbials exploration of chem1ical agents 

preparation over the bacterial growth curve 
Dilution of a given stirain 

24 hrs 

Dilution, 
x10 6 UFC 

~t = 1hr 
------- 1 ◄- - .- - - -__} - · · ·_ · · ~ t, = plateau I 

I 

100 µL x106 
00600nmIncubationUFCin ~~~~=~P 37°C ~~=~~~~=:~ t0 = 0 hrs 

L broth 100 µL 

Growth Data
11"~t=-~~~~~~- """"!-~ ~ analysis. curve 

Figure 39: A general flowchart for the exploration of chemical agents over the bacterial growth curve of a given strain, controls included: 

normal growth, antibiotic at a bacteriostatic concentration and at a inhibitory growth concentration. 



suppliers recommendation, and properly defibrinated sheep blood, at least 10 µLof 

extract were deposited, and if after 24 hrs either the characteristic red color of the agar 

was vanished or the area turned to brownish beyond 0.5 mm, the result was considered 

as indicative of hemolytic activity. Sodium dodecyl sulfate 8% (SDS, surfactant) and 

the reagent saponin at 25 mg/mL were utilized as positive control. 

Spetrophotometry quantification: Red blood cells from defibrinated sheep blood 

were directly diluted to 20% (v/v) with isotonic phosphate buffer solution (% PBS). 

100 µLof testing solution (in triplicates) and 900 µLof blood solution were incubated 

for 10 min. Then, the absorbance at 405 nm452 of the supernatant (1500 rpm, 5 min) 

was measured with a Biorad Spectrophotometer. The following controls were included: 

full haemolysis by 10% alconox solution (final concentration 0.1 % ), dH20 as hypotonic 

media. Testing extract were at final concentration of about 20 mg/mL and 0.1 mg/mL. 

The haemolysis percentage was calculated as 453 : 

Asample - Anegative control * lOOH aemolyisis% (4.4) 
Apositive control - An 

4.3.5 Data Analysis 

The microbial concentration determinations (biomass of Former Colony Units or FCU 

quantified by OD6oo) were calculated applying the Eq. 4.2.2.1. Bacterial growth curves 

were analyzed applying the Gomptertz model for bacterial growth (Sec. 4.2.2.1) 

utilizing Mathematica software454 . Descriptive statistic of the determinations of the 

minimal inhibitory concentrations were calculated with Excel v2016, Microsoft 

Windows software. 
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4.4 Botanical Extracts as Potential Adjuvants of 

Aminoglycosides Antibacterial Activity of Against 

Opportunistic Bacteria 

The ethanolic extracts from the three plants A. cohune (Ac-EtOH), B. huanita (Bh

EtOH), and D. ambrosioides (Da-EtOH) were bioactive towards MRSA-USA-300 in 

concentrations below the 200 mg/mL. Therefore, the three species are good candidates 

for futher bioprospecting them. 

Ac-EtOH inhibited MRSA-USA-300 growth without antibiotic present at 30.5 

mg/mL, as it is described later in this chapter (Sec. 4.4.1), one of its components shows 

synergistic effects with GEN, but is has no antibiotic activity per se. Which can lead to 

consider that other of the extract's components have antibiotic activity. It should be 

explored at lower concentrations, probably the application of the NP-gradient strip 

method (see Sec. 4.4.1.1) would be a useful next step. 

Bh-EtOH inhibited MRSA-USA-300 growth without antibiotic present at 136.4 

mg/mL. The summary the strains that had been tested for susceptibility toward ethanolic 

B. huanita extracts is given in Fig. 4.3. It is worthy to notice that the EtOH 35% showed 

fungistatic activity, this fraction might contained more saponins than for the case of 

EtOH75%. It is recommendable that the activity against a broader set of fungi should be 

explored for the B. huanita saponin fraction. 

The tests that included the antibiotic GEN yielded mixed results, and probably the 

FICI model is not suitable for Bh-EtOH raw extract K_ Similar bioassays of Bh-EtOH 

fractions would shed light on the fractions that inhibit the bacterial growth, and those 

that stimulate it. 

Kcertainly, it is interesting no notice that at low concentrations, the mixture of the raw extract with 
antibiotic GEN estimulates the bacterial growth. This gains importance for antibiotic treatments in patients 
that consumes food supplements derived from plant extracts. The D. ambrosioides extracts showed a 
similar trend that was analyzed more in deep. 
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Da-EtOH stimulated the growth of MRSA-USA-300, but its effect was not linearly 

related to the concentration. Similar trend was found for the sterile aqueous extract from 

Da leaves (see Sec. 4.4.2.1). For example, at the lower concentration, there was some 

growth inhibition. While at high concentration was an overgrowth ( compared with the 

control). Therefore, the FICI model might not be suitable to further study the Da-EtOH 

raw extract. However, the fact that promotes the bacterial growth makes D. ambrosioides 

a potentially attractive raw material for the probiotics industry (see Sec. 4.4.2.3). 

The clinical isolates of S. epidermidis and K. pneumoniae showed resistance to all 

the tested antibiotics including GEN, and none of the extracts reversed the observed 

GEN-resistance. 

Acllk Physicochemical Properties Posed Challenges for the Bioassays' 

Experimental Work 

The sample AcllK posed challenges whose resolution required modifications to the 

standard procedure, as well as to explore a bioassay that fused two different standard 

approaches. Solvent effects were observed for the Acl lk sample, as a white precipitate 

formed as the concentration increased, a summary of them can be found in Table 5.3. 

AcllK is soluble in organic solvents such as alcohols and hexane, and it is not soluble 

in water, non-protic medium-to-high polar solvents triggered the precipitate formation. 

A concentration solubility threshold was found, and was took in account int the plate 

design. In this way, it was possible to determine that Acllk synergistically interacts 

with gentamicin, see below. 
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Figure 40: Summary of the pre-screening of botanical extracts that can potentiate the antimicrobial activity of gentamicin against 

MRSA-USA-300. Three GEN concentrations were evaluated: 1, 1/2, and 1/4. 
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Table 4.3: Summary of the antimicrobial activity of ethanolic B. huanita extracts. Additive effects against MRSA-USA-300 (FICI = 

1.25) at 272.8 mg/mL reduced to I/4MBCcEN 0.44 µglmL. *= for criteria see Fig. 25. 
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4.4.1 FICI Determination for the Binary Mixture: Aminoglycoside 

Antibiotic GEN and Fraction Acllk From Corozo Palm's 

Extract Against a Set of N osocomial Strains by the 

Microdilution Method 

The synergistic effects determination of the mixture for GEN-Acllk against 

MRSA-USA are shown in Fig. 41, at 9.9mg/mL AcllK and 1/16 MBCcEN· 

Synergistic effects were also found for MSSA-UAM-Sl, at 2.48 mg/mL AcllK and 

1/8 MICcEN by 0D6oo , but they require further verification for MBC. Acl lk did not 

reversed the observed GEN-resistance of the clinical isolates of S. epidermidis and K. 

pneumoniae. This results show that the Acllk fraction from corozo palm's extrac was 

of interest for further characterization (see Chapts. 5 and 6). 

General comments regarding the experimental process outcomes: The optical 

density (0D6oo) after incubation yielded false positives. was due twofold: the bacterial 

bioamass and the natural products' precipitation. As instrumental response was not 

possible to deconvolute with the current approach, even though the proper control 

experiment of the precipitate formed by the natural product itself was included. 

Because the interaction of the bacterial cells with the binary mixture also yielded 

precipitate products. Let's consider the case of binary mixture compositions for which 

no growth was observed. In other words, those samples that killed the bacteria and no 

growth was observed in the reincubation step. When considering the 0D6oo from those 

samples, the result was counter-intuitive: the 0D600 were higher than the mentioned 

control, yielding a false positive. Even though, the minimal inhibitory concentration 

was not determined, but the minimal bactericidal concentrations are shown in Fig. 40. 
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a) FICI for MBC Minimal Bactericidal Concentration of GEN and Acllk 
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after 24 hrs incubation 
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Figure 41 : Sample reults for FICI determination for the binary mixture: the 

aminoglycoside antibiotic GEN and the fraction Acllk from corozo palm's extract 

against MRSA-USA-300 by the microdilution method. Other controls are in Appendix 

Fig. 94. 



FICI screening results for aminoglycosides-extract effects 
against MRSA-USA-300 for Ac, Bh, and Da extract 

FICII interpretation chart 

[Synergy] (Additive] (Antagonist] 

0.0 0.5 1.0 1.5 2.0 2.s r 3.o 3.5 I 4.0 I 4.5 FICI value 

tk-
0.31 0.75 0.88 1.25 

Ac11 k, 325 nw Ac-EtOH Ac-EtOH Bh-EtOH 
¼ GEN 0.44µg/ml ½VAN 0.Sµg/mL 1"4GEN 0.44µg/ml 
Ac 30.5 mg/ml Ac 94.4 mg/ml 136 mg/ml 

Da apazote EtOH? FICI model non applicable 

Figure 42: Summary of the FICI determinations for binary mixtures of aminoglycoside antibiotics and botanical extracts against four 

nosocomial strains by the microdilution method. 



4.4.1.1 In Vitro Additive Interaction of the Aminoglycoside Antibiotic 

Vancomycin and Fraction Acllk from Corozo Palm Extract Against 

MRSA-USA-300 by an Hyphenated Antimicrobial Gradient Method 

The FICI's rough determination for the binary mixture VAN-Acl lK applying the NP

strip-test method are shown in Fig. 43 L_ The VAN-AcllK FICI was of 0.88, this 

interaction was classified as additive (See Fig. 28 for FICI classification thresholds). 

Only the deposited concentrations were known as the true gradient was not quantified 

after the strip preparation. This method can be improved by preparing NP-strips which 

gradient needs to be quantified, especially after their preparation (concentration gradient 

in the filter paper) and the sterility control, once the strip is deposited into the agar plate 

(NPs diffusion factor). 

The advantages of this hyphenated method can be: 

1. Reduction of the total incubation time: The MBC-determined by the standard 

microdilution method-requires at least 72 hrs, while the antimicrobial gradient 

method is 48 hrs. 

2. Ability to narrow down the natural product's concentration range to be 

tested: the FICI can be determined in triplicate in one experimental batch. 

3. The observed interactions are mostly due to the chemical agents tested and not to 

other factors, such as facilitated diffusion of the commercially available 

antimicrobial. 

Potential synergistic effects can be determined by a similar approach, but varying 

the antibiotic concentration (e.g., testing VAN concentrations below the half MIC). 

With a narrowed concentration range the FICI value can be refined with the 

LThe results from the second approach for Ez-strip and NP-strips can be found in the Appendix Figs. 
93 and 94. But the effect of the effect of the filter paper strip was to improve the diffusion of gentamicin 
(the antibiotic tested). The effect due to the natural product was not possible to deconvolute. 
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microdilution method. This approach might save time in the overall bioprospecting 

process. First, it can allow to at least early differentiate between antagonistic and 

additive effects between the chemical agents tested. Second, as much as the 

concentration gradient is accurately known, the concentration range for experimental 

design is narrowed down to one experiment. 

Over all, A. cohune palm extract enhances the antibiotic activity of aminoglycosides. 

Of especial interest is the fraction Ac l lk, main component is the alkaloid with m/ z 325 

(see Fig. 85); the interactions of the binary mixtures Acllk-GEN and Acllk-VAN 

were assigned as synergistic and additive interactions, respectively. 

4.4.2 Bioactivity of Raw, Sterile Ascaridol-less Aqueous Extract 

From D. ambrosioides (SALAE-Da) Organs 

The observed effects of D. ambrosioides aqueous extracts M over the growth curve of the 

the phytopathogenic bacteria Erwinia carotovora N are discussed in Sec. 4.4.2.1. The 

approach to start to quantify the elicitor activity of the extract at different concentrations 

was to apply the Gomptertz model for the bacterial growth curve. Three graph types were 

derived: experimental data dispersion, the derived Gomptertz models and the calculated 

specific growth rates (µf3maxi)- The derived µf3maxiwere utilized to calculate the doubling 

time (tD) 0 . Then, the moderated fungistatic effect of the saponin fraction over the 

opportunistic yeast C. albicans is presented in Sec. 4.4.2.2 and Fig. 95. Lastly, remarks 

on the experimental outcomes as well as some ideas on D. ambrosioides re-purposing 

for further commercial exploitation are remarked. 

M(leaves Ac-Da-lvs , aerial parts Ac-Da-aer , fruits, and flowers , prepared by the autoclave method) 
NWhich can work as a model for Pseudomonas aeruginosa as well. 
0 The reduction of fD is indicative of the presence of an elicitor in the growth medium. 
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Figure 43: At a glance screening of vancomycin's antimicrobial adjuvant activity of Acl lK agains MRSA-USA-300. A gradient of the 

potential antibiotic adjuvant (AcllK fraction from the corozo palm's extract) was deposited in filter paper, which show no activity per 

se. Vancomycin was homogenously mixed in the agar, at half (0.5 µg/mL) of the observed MIC (1.00 µg/mL). The agents interaction 

ellipse ends in 94.4 mg/mL (calculated by linear regression). Other controls are in Appendix Fig. 92. 
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4.4.2.1 Effects of D. ambrosioides Extracts Over the Growth Curve of the 

pathogenic bacteria Erwinia carotovora 

The effects of the sterile and ascaridoless aqueous extracts of the following D. 

ambrosioides organs: leaves (SALAEL-Da or Da-lvs ), aerial parts (AqS-Da-aer ), 

and fruits (AqS-FrDa), over the growth of E. carotovora (ErC) are shown in Fig. 44 

to 48. The normalized experimental data points were plotted (Abs. units vs. time), 

including the respective Pearson correlation index. The derived Gomptertz model for 

each growth curve were plotted (Abs. units vs. time), and the calculated values for 

µf3maxJVFC/hr vs. extract concentration % v/v) are included. 

Two main features were taken in to account to classify the extract's effects as 

growth inhibition, stimulation, or no effect over the ErC's growth curve: i)the 

maximum growth achieved for each test (At3max): the induction of the reduction in the 

At3maxi was considered as bacterial growth inhibition. ii) the specific maximum growth 

rate for each test (µf3m axi): the induction of the reduction in the µf3maxiwas considered as 

bacterial growth inhibition; while an increase in µf3maxiwas considered as indicative 

of bacterial biomass production acceleration; thus implying bacterial growth 

stimulation. Usually the increment on µf3maxiis associated with a higher At3maxJor a 

At3maxiequal to the normal growth control), for instance the growth curves for 

stimulating substances over the growth of Lactobacillus spp. had show the 'normal' or 

expected trend 455 . 

In general, a lower plateau of At3maxJs associated with a slower µf3maxi; in other 

words, a deceleration of the bacterial reproduction yields a smaller amount of biomass in 

the stationary phase of a given bacterial cell growth curve. The reduction on µf3maxiwas 

associated with a lower At3maxiin the study of Sung et al. 456 for the inhibitory effects of 

garlic oil over food borne bacteria. And for the essential oil delivery design by Higueras 

et al. 457 , an extended release formulation of carvacrol and chitosan/cyclodextrin films 

inhibited the growth of food borne microbes (bacteria and fungi). That was the trend 
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observed for the fruits' extract (AqS-FrDa), it can be said that the net effect of the 

components present in the AqS-FrDa inhibited the bacterial cell growth, including a 

deceleration of bacterial reproduction phase. 

However, for the leave's extracts showed a counter-intuitive effect on some 

parameters P Such a potential elicitor and inhibitory effects of SALAEL-Da (Da-lvs ) 

over the ErC's growth were quantified as the net effect in bacterial doubling time, tD 

(shown in Fig. 48). The tD values were derived with the Gomptertz model (see Fig. 44 

and 45). A shortened tD implies that the extract is stimulating the bacterial 

reproduction, as it is observed for the leave's extracts corresponding to the 5% extract 

(0.05 mg/mL) and 10% extract (0.10 mg/mL) Q_ The potential elicitor activity of 

specific fractions of SALAEL-Da are an interesting research topic that can lead to a 

new commercial application of D. ambrosioides fractionated extracts in the field of 

61microbiological based technology 458-4 , for instance the probiotics industry. 

4.4.2.2 Moderated Fungistatic Effect of Sterile Ascaridole-less Aqueous Extracts 

from D. ambrosioides Leaves (SALAEL-Da) Against the Opportunistic 

Yeast Candida albicans 

The SALAEL-Da A inhibited the growth of Candida albicans clinical isolate (CA-ci), 

see Figs. 49 and 50. Its saponin fraction yielded 70% haemolysis at 5.1 mg/mL final 

concentration. 

The MIC was determined by the agar dilution method (see Fig. 49) because: a) it 

reduces the effect of diffusion factor of the extract's complex mixture (as for the case of 

PThis, in the sense that the reproduction phase seems to be stimulated while a delayed induction point 
was predicted by applying the Gomptertz model. 

QEffects exerted by a yet unknown mechanism. A potential scenario could be that some components 
stimulate the bacterial cell growth, but other components are signaling to the bacterial cells to stop 
reproducing earlier than with early stationary phase. Another possibility is that the extract triggers a 
metabolic response that stimulates bacterial growth, and the same time this acceleration response triggers 
in the bacterial population to stop reproducing. 

AThe autoclave method eliminated any potentially viable fungi contamination consistently observed 
in trials with the boiling method. 
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Effect of extracts of Disphania ambrosioides (apazote) leaves at di'ffere:nt concentrations over lhe 
growth curve of the phytopathogenic bacteria Erwinia carotovo.ra 
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Figure 44: Effect of the SALAEL-Da over ErC's maximal growth rate and three controls: normal growth, tetracyclin at a bacteriostatic 

concentration and at a inhibitory growth concentration. Statistic analysis for each adjustment included. Experimental data points and 

the non-linear fit for Gompertz bacterial cell growth curve model. Bacterial growth as function of incubation time plot for the growth 

of ErC ( environmental isolate) at 37°C in BHI. Each curve represents a single initial inoculum concentration of about 100 UFC/mL, 

total volume 100 mL. Sterility growth media verified with no cell growth in 8 hrs., data not included. OD600 shown are the normalized 

experimental raw data. 
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Figure 46: Effect of the SALAEOs-Da over ErC's maximal growth rate and three controls: normal growth, tetracyclin at a bacteriostatic 

concentration and at a inhibitory growth concentration. Statistic analysis for each adjustment included. Experimental data points and 

the non-linear fit for Gompertz bacterial cell growth curve model. Bacterial growth as function of incubation time plot for the growth 

of ErC (environmental isolate) at 37°C in BHI. Each curve represents a single initial inoculum concentration of about 100 UFC/mL, 

total volume 100 mL. Sterility growth media verified with no cell growth in 8 hrs., data not included. OD600 shown are the normalized 

experimental raw data. 
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the disk assay), and b) the m1xmg process at 56°would not further modify any 

thermolabile compound present in the extract. Homogeneous mixtures of SALAEL-Da 

and sabouroud agar at different concentrations 8 were incubated with CA-ci. Full 

growth inhibition was observed to 27% SALAEL-Da or 270 mg/mL. This was 

somewhat above the concentration threshold to classify an extract with low potential for 

containing antimicrobial components (see Fig. 25, . implying further fractionating and 

concentration). Saponins presence was confirmed-saponins extracted from other 

plants have shown activity against fungi--and their fungicide activity was tested 

(saponins-Da fraction). 

The saponins-Da fraction inhibited the CA-ci growth to the 50% at a concentration 

range of [50-100] µg/mL (minimal half inhibitory concentration), c by the 

microdilution method (Fig. 50). In general: i) The sample at that concentrations 

inhibits the 50% of the yeast's growth, and that half inhibition represents the maximal 

activity threshold for that fraction. In other words, the same result is observed at higher 

concentrations of the saponin fraction, and less activity can be observed at lower 

concentrations. ii) The fungicide activity explored by the plate count method might 

reveal more information on the effect of the saponins-Da over the growth of CA-ci; the 

hyphenated version presented in Sec. 4.3.3.3 would be an interesting approach as well 

0 . iii) They might enhance the fungicide activity of other agents E_ If it is non-toxic at 

the effective concentration, then it can become a useful adjuvant in fungicide 

formulations F. 

8 Homogeneous at least by the plate's evaluation under light at simple sight. 
cThis fraction was considered as the saponins fraction due to three experimentally observed 

properties: positive heamolysis test, positive foam test, extractable with butanol. 
0 sample results in Sec. 4.4.1.1, additionally the variant with the NPs diluted in the agar medium would 

be a worthy trial. 
Esaponins are surfactant agents that can help to disrupt the integrity of the cell membrane by 

increasing its permeability. At low concentrations, their haemolytic effect is also reduced. 
FThe lowest concentration could be 86 mM. Calculation based on one of the most abundant 

components in the saponin fraction analysis by LC-MS (see Sec. B.2.2.1): 

50mgsaponin - Da 1000 mL
-------* lg * lmolZ = 0.0862 moLlZ = 86.21 mMZ (4.5)* mL IL 1000 mg 580gZ 
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An unexpected physiological estimulation in the agar dilution method is shown Fig. 

49, 5% SALAEL-Da. Usually after 24 hrs, CA-ci would be as a yeast form, but for 

this case the observed physiological state would be normally observed after 48 hrs or 

more. The relevance might be twofold. First, the SALAEL-Da seems to contain a 

development stimulant (together with growth inhibitors) that can be useful in the 

industrial microbiology field. Second, it is important to define which fractions and the 

respective concentrations can induce growth, as their utilization as fungicide adjuvant 

can led to unexpected results. 

4.4.2.3 Potential Non-Traditional Applications of D. ambrosioides Extracts 

The above described bioactivities of the polar extracts of D. ambrosioides hint for 

two-or more-different types of analytes of interest present in that intrincate mixture. 

Which creates the possibility of at least two different research directions regarding 

SALAE-Da extracts and its derivatives as potential microbiology commercial products: 

a) growth inhibition and b) stimulation of the microbial growth rate and UFC's 

physiological development. 

The sterile ascaridole-less aqueous extract from leaves (SALAEL-Da) G stimulated 

the bacterial growth via an unknown metabolic process in the gram-negative bacterial 

strain Erwinia carotovora (see Figs. 45 and 48). The SALAEL-Da at 2.5 mg/mL yielded 

an earlier induction time and somewhat diminished the growth rate (about 15%). At 25 

mg/mL and at 50 mg/mL SALAEL-Da reduced the doubling time in about 29%. It is 

proposed has a medium-to-high potential as bacterial elicitor for ErC, at minimal raw 

extract concentration of 25 mg/mL (see Fig. 25) H_ Special attention should be given to 

Even though the smallest bioactive concentration is not in the nanomolar range, its citotoxicity should be 
evaluated, such that this fraction might be considered as a component that could adjuvate the fungicide 
activity of a given drug. Let's remember that saponins are surfactant agents that can help to disrupt the 
integrity of the cell membrane, by increasing its permeability. At low concentrations, their haemolytic 
effect is also reduced. 

GThe extract was prepared by the autoclave method (Sec. 5.1.4). 
8 The ascaridol-less aqueous extract from other D. ambrosioides organs showed mixed results as can 

be observed in Fig. 47, that call further exploration. 
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Figure 49: Inhibitory effect of the sterile ascaridol-less aqueous extract from D. ambrosioides leaves (SALAEL-Da) over the growth of 

the opportunistic yeast Candida albicans (clinical isolate, CA-ci). Inhibition occurs at 27% SALAEL-Da. Notice the faster development 

of selected former colony units in the growth medium with 10% SALAEL-Da. Saponin presence was confirmed by the haemolysis test. 



a) Effect of the saponin fraction over the growth of C. albicans 
(clinical isolate) by the microdilution method 

Moderated micostatic effect in the range of (50 - 100] µg/ml 

OD600 av triplicate BioactivityConcen- Variables from the Zwietering et 
!ration al. growth model t = 0 hr t = 48 hr % inhibition 

% yeast
Ll,()Dt = of yeast 

µg/ml ODo ODf ln(dODt/ODo) growth 
growthODf-ODo 

0.00 0.098 1.337 1.239 12.6 0.00r!oo 
400 0.046 T 0.361 0.315 6.85 54.2 1 45.8 

200 0.046 0.353 0.307 6.67 52.8 47.2 

100 0.046 0.353 0.307 6.67 52.8 47.2 

50.0 0.046 0. 436 0.390 8.48 67.1 32.9 

b) 
Minimal moderated micostatic effect concentration: 
100 t•9 saponin fraction/ml soln 
0.03 raw extract/ml solution, - 10 g Da leaves/ml soln. 

(b the microdilution method) 

• Apazote extract inhibits C. albicans growth at 28% raw extract in sabouroud agar. 

• Estimated agar concentration of the saponin fraction was 10 fold more 
concentrated. 

• About 40% of the growth inhibition might be related to the moderated fungistatic 
activity of the saponin fraction. 

• It seems to accelerate the physiological development of selected FCU, especially at 
10% concentration. 

Figure 50: Moderated fungistatic effect of the sterile ascaridol-less aqueous extract 

from D. ambrosioides leaves (SALAEL-Da) over the growth of the opportunistic yeast 

Candida albicans (clinical isolate, CA-ci). a) Effect of the saponin fraction over the 

growth of CA-ci by the microdilution method. b) Summary of the fungistatic activity of 

the SALAEL-Da extracts and saponin fraction. 



the SALAEL-Da effects over bacterial strains of biotechnology relevance, e.g., Erwinia 

carotovora strains EC UV 4 for 2,3-butanediol production from corncob 462 , and EC IIT

BT08 for biohydrogen production 376, and other gram-negative bacteria 463 . 

The SALAEL-Da moderately inhibited the growth of the opportunistic yeast 

Candida albicans (Figs. 49 and 50). In Fig. 49, besides the inhibition growth finding, 

an unexpected physiological estimulation was observed. Bioguided fractionating and 

assays involving different yeast strains-benefic and opportunistic yeasts- might be 

the tool for the differentiation of fractions containing elicitors vs. inhibitors1. The 

potential antimicrobial adjuvant of the saponin fraction should be assessed, and its 

effect with antibiotics over bacterial strains needs to be tested. A similar approach can 

be followed for other fractions of different polarities. 

The effect of different fractions and mixtures of ascaridole-less D. ambrosioides 

extracs should be further explored, as some of their components might be relevant for 

the probiotic's industry (e.g., the saponin fraction together with a non polar fraction, to 

61test strains of industrial or of potential commercial interest) 458-4 . 

D. ambrosioides is already commercialized as a food spice in the Central American 

region, where is widely utilized in traditional medicine J_ The presence of a potential 

stimulating agent in the extract and the presence of microbial growth inhibitors 

represents an expansion of its applications. K_ Another non-traditional utiliziation can 

be as additive in supplement formulations that involve bacteria as active principles 

(probiotics L) such that stimulates the growth of healthy gut bacteria. The probiotics' 

1To test mixtures of those fractions, the case of a double-target compound should be considered as 
well. Due to the extract's complexity, it is needed to further explore this phenomenon; this might be 
consequence of a counter-effect of different extract's components over the bacterial metabolism. 

JNotice that the sample was considered as an ascaridol-less extract or that the essential oil was 
removed from the sample during the high-pressure and high-temperature extraction process. Thus, this 
could even be envisioned in a further exploitation framework: essential oil extraction from the fresh 
material, aqueous extraction by autoclave method, a further fractionating step would be needed to yield 
products with potentially different applications. 

K Future work, besides the chemical characterization of the extracts, is the exploration of the sterilized 
aqueous extracts of D. ambrosioides as potential growth stimulants of human 'healthy' flora, e.g., 
Lactobacillus sp., a gastrointestinal tract flora component464 . 

LA standard definition of probiotics is not available yet, but a definition of probiotics is: live 
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market M is on the grow 464 requiring the industrial processes optimization, e.g., by 

adding bacterial elicitors to the growth medium in order to speed up the production. 

Also, the demand of 'smart' probiotic products -such as cosmetics and skin 

medications- may be a commercial trend that might be becoming a need for the public 

A66health464 . And the repurposing of D. ambrosia ides might be part of that emergent 

market. 

466 467microorganisms465 , , that are administered in adequate amounts 466 , , with an intended therapeutic 
effect for the host [(i.e.] probiotics for clinical use [in humans]) 465A66 . For instance, probiotics are 

466commercially available as supplements e.g., foods and dietary supplements 464, . 

Mlt is expected that the global market for probiotics will reach about USD 66 billion by 2024 468 . The 
probiotics' market is triggering a set of unique scientific, translational and regulatory challenges469 . 
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Chapter 5 

Mass Spectral Characterization of 

Alkaloidal Fractions of Plant Extracts 

The alkaloids present in three species from the rainforest (A. cohune (corozo palm), 

B. huanita (esquisuchil), and D. ambrosioides (apazote) were the target in this study. 

The first stage targeted to obtain an alkaloidal fraction (Sec. 5 .1) and verify that 

those fractions, indeed, contained alkaloids by determining the exact masses of its major 

components (Secs. 5.4.1 and 5.4.2). Along this processes, analyze them under the lens 

of novel chemical entities (Secs. 5.2.4 and 5.4.6). Once the extracts were prioritized, 

the second general stage was to further analyze the selected analytes applying HR-MS 

to detect potential exchangeable protons and potential polymerization side products (see 

Sec.5.2.2). Due the applied approach those selected analytes were expected to be new 

chemical entities, either by being new chemical scaffolds, or known scaffolds with a new 

substitution pattern. 
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5.1 Sample Preparation 

5.1.1 Experimental Design Rationale 

Plants endemic of the tropical rainforest in Guatemala were analyzed, targeting 

medium to high polarity alkaloids (HPAlk). The HPAlk extraction methodology design 

was similar for the three plants (A. cohune , B. huanita and D. ambrosioides ). That 

rationale for selecting the extraction solvent, the cold maceration and the boiling 

extraction methods are briefly explained (based on the workflows of Bucar et al. 73 and 

Ernst et al. 470). 

Extraction solvent: Li et al. 471 analyzed a set of 109 in-market-drugs that are 

NPs, finding that~ 70% are classified as highly soluble in polar solvents 471 . For those 

plants with applications in traditional medicine, the main preparation methods are the 

infusion and decoction. Hot water would bring out accessible compounds with high and 

medium polarity; especially, the latter can be further extracted. 

In this study, neither the non-polar fractions (e.g., obtained with hexane as extraction 

solvent, monoterpenoid essential oils), nor the high-polarity metabolites (see Fig. 6) 

were the main target A. 

The medium-to-high polar compounds of the three chosen plants are attractive to 

NPDD because: a) they are related to ethnomedicinal utilization. b) Their small 

molecules composition, especially from polar extracts, is scarcely known. Non-polar 

extraction can be seen as part of the 'low-hanging fruits' 295 NPs past exploitation; 

focusing on these extracts may lead to reisolation. Indeed, no new compounds were 

found on the reports analyzing such a fractions for A. cohune , B. huanita , and D. 

AExcept for the case of D. ambrosioides saponins, the rationale for that individual method is described 
in Sec. 5.1.4. Aqueous extracts were not targeted in this study. Because the extraction with the most polar 
alcohols can yield medium to high polarity alkaloids, without the highly glycosylated compounds that 
usually elutes with water. Those carbohydrates increase the susceptibility to microorganisms' growth in 
the extract, requiring a more strict protocol for contamination control. If the method is by cold maceration 
with water, plant enzymes may remain active 472 . 

173 



ambrosioides (see Sec. 3.1.3, 3.3, and 3.2, respectively). c) Medium-to-high polarity 

compounds would be in the polarity range that can yield druggable compounds, 

according to the analysis by Li et al. 471 , d) the mainstream of this research was 

targeting novelty. The potential scale up of the process was kept in perspective. 

Given that the targeted secondary metabolites are in the medium-to-high polarity 

range; a suitable green extraction solvent, FDA473 approved, was chosen: Ethanol 

(etOH) 70% 359 . The last two considerations gain more importance when the extraction 

process is scaled up to industrial level; the raw material could be either the cultivated 

plant or plant cell cultures470 . Ethanol is among the solvents that represents the lowest 

carbon fingerprint as well as its low toxicity as remaining solvent in the final 

product359 . 

The binary mixture of aqueous EtOH 70% has a medium polarity (dielectric 

constant £ ~35 474), having sites for H-bonding (donor and acceptor sites) 8 . EtOH 

70% might yield some of the polar compounds extracted with water, but without the 

interference of highly polar compounds (e.g., with polyglycosylated moieties, proteins) 

and the aqueous environment diminishes the extraction of non-polar compounds -that 

would be less abundant in such a traditional preparation 359 (see Fig. 6). 

EtOH 70% efficiently desorbs soluble components from the cells active sites. For 

example, it is widely applied in microbiology due to its ability to trespass the bacterial 

cell membrane, coagulating the proteins found as it travels, but in a rate that allows to 

access all the cytoplasmic space. It inhibits further enzymatic activity, as well as 

8 In a rough approach, let ' s consider first H-bonding sites in pure solvents: water four (28+, 28-
), ethanol three (18+, 28-), methanol three (18+, 28-), and chloroform four (48- weaker than the 
hydroxylated compounds). The binary mixture water-ethanol (30:70) would have partial contributions 
on the amount and strength of the H-bonding, being 1.2 for water and 2.1 sites for ethanol, for a total of 
3.3 H-bond capacity with the polar modulation from the non-polar tail of ethanol. This assuming that 
the water-ethanol clusters will trend to disassemble as they mix with the plants' components. No large 
interaction with poly-glycosylated compounds would be expected, but yielding more abundance extracted 
compounds of medium-to-high polarity. When this property is compared with a common extraction 
solvent binary mixture: MeOH-CHCl3 (1: 1), with an approximated e =19, and H-bond capacity of 1.5, 
the most abundant compounds expected are in the range of low-to-medium polarity. Water e =80, with 
four H-bonds, but non-polar interactions are absent. 
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dissolves the medium polar components c. The plant cells are different, but a similar 

process can be envisioned. The ration sample vs. extraction solvent volume was 

determined as three times the volume occupied by the plant material without applying 

compress10n. 

Cold Maceration (by several days): EtOH 70% diffuses into the cell matrix, and 

the secondary metabolites are solubilized in the extraction solvent. Afterwards, the 

solubilized components diffuse into the extracellular space, and outside the plant 

material475 . Due to the metabolic richness reported for the three chosen plants, the 

diffusion of the extraction solvent is enhanced by this cold maceration step. 

Boiling method (boiling time [45 - 90] min): the macerated mixture was boiled, 

[80 - 85]°C. This step would475 : a) enhance the solvent diffusion into the matrix; b) 

increase solubility of low polar compounds and high polar compounds, thus expanding 

the polarity range of the extractable compounds (see Fig. 51 and for the case of Bh-fl see 

Fig. 5.1.1)476 ; c) speed up the diffusion of the compounds to the extraction solvent. A 

disadvantage is the potential artifacts formed during the extraction process, concerning 

to this bioprospecting approach this is would not be an obstacle as far as such an artifacts 

477are reproducible. More compounds might be extracted476, . 

Separation of the extracted plant material: hot filtration was performed until 

achieve a translucent solution. If a precipitated was formed after filtration, it was 

collected and considered as a compound with low solubility in room temperature 

ethanol. 

Concentration: An aliquot was tested to observe either supernatant or precipitate 

formation as the solution boiled. If any was observed, an open system was utilized, 

otherwise the solvent was distillated (simple distillation), The combined filtrates were 

cwhile ethanol 95 % would trend to seal the bacteria by forming a coagulated-protein smface, which 
might prevent release of the intracellular components. Another binary mixture commonly utilized is 
MeOH-CHC13 (1: 1 ), which has a lower dielectric constant. Chloroform may solubilize waxes, fatty acids, 
and other non-polar cell components, disrupting the cell integrity faster, and methanol would solubilize 
polar compounds. Methanol is more reactive than ethanol, and methyl acetals can be formed . Methanol 
and chloroform are classified as toxic in the food industry 473 . 
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Figure 51: Solvent polarity and temperature effects on solubility of organic compounds. Solubility values were measured in water. 

Purple: solubility at 10 or 25 °C; Blue: solubility at [65-80)°C, which are higher for all except laurate. Data location is distributed 

according to compound solubility at room temperature (purple), and the expected solubility increment in blue. Examples include: low 

polarizable compounds: aliphatic alcohols and fatty acids, with negligible enhancement of water solubility by increasing temperature; 

polarizable compounds: dicarboxylic acids, and heteroatomic conjugated systems, some of them with a stronger temperature effect 

in their ionization constant which translates in higher water solubility. Figure prepared based on experimental measurements for 

482solubility478-480 , pKa481 , , structures were redrawn from Pubchem482 . 
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evaporated to an approximated final volume of 500 mL. Continuous atmospheric air flow 

until reach about 100 mL of extract (raw dry extract) was applied as final evaporation 

step. 

Alkaloid fraction: 

This approach targets alkaloids of medium-to-high polarity, either as 'free' 

nitrogenated bases or as quaternary amines D (Alkaloid-N: and Alkaloid-4th-N+ , 

respectively, for a depiction of a chromatographic separation see Fig. 53). The aim is to 

484integrate the alkaloids solubility as function of pH to published reports 73A83, : the 

improved NPs extraction yield by direct adsorption of the raw extract into a solid phase 

(i.e. avoiding the solvent precipitation step), followed by the desorption of the 

off-target metabolites and ending with the dynamic desorption of the alkaloidal 

fraction E_ 

The set-up of the fractionating solvent sequence was defined based on the expected 

secondary metabolites (see Chapt. 3): 

4771. Organic acids and polyphenols476, : at neutral pH organic acids would be in 

the deprotonated form (R-Coo- ): acetate, oxalate, malate, and other products 

of cellulose degradation. Polyphenols such as flavonoids might be deprotonated 

0 Most of the reported methods for alkaloids extraction are based on the assumption that an alkaloid 
would have a basic nitrogen. If that is protonated, the alkaloid will be water soluble, and if that is un
protonated the molecule will have low polarity, thus being soluble in CHCl3 , Et-Acand other similar 
organic solvents. 

So, usually the general extraction steps are followed . 232·233 The raw extract is acidified (e.g., H2 
SO4(ac) 2.5 % or HCl). The expected protonated alkaloid ([Alk-NH] + )would be water soluble, and non
polar compounds are extracted with a non-polar solvent (n-hexane, diethyl ether). The defatted fraction is 
basified (concentrated ammonia, ammonium hydroxide), and the neutral alkaloid ([Alk-N]0 ) is extracted 
with CHC13 . But depending on the plant specie, there might be CHC13 - insoluble alkaloids, such as 
those in which the nitrogen is as a quaternary base ([Alk-NC] + ). Which may require a more complex 
extraction process 233, including Reinecke's salt, silver sulphate, or other salts to chelate the [Alk-NC] + . 

Ezhang et al. 483 compared two methods for the isolation of a terpenoidal epoxide, the higher yield 
was obtained by static adsorption of the crude extract to alumina, followed by column chromatography. 
The other method yielded the half of the targeted metabolite; it was a liquid-liquid partition followed by 
column chromatography. The isolation of the flavonoid glycoside phlorhizin from sweet tea leaves 484 

was achieved in two steps. First the crude extract was separated by adsorption to a macroporous resin 
(ADS-7 acrylonitrile-butadiene-styrene), other components were dynamically desorbed with water, and 
phlorhizin was desorbed with aqueous ethanol 80%. The adsorption time, elution speed, and volume of 
desorption solution were optimized. 
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depending on the substitution pattem485 . Carboxylates and polyphenolates can 

complex with alkaloids (e.g., those harboring a positive charge at pH 7), reducing 

their availability for alumina adsorption, and eventually coeluting earlier than the 

free monomers 486 . There is a wide variety of structures that can incorporate these 

scaffolds, such that the earlier they can be removed the better. Negatively charged 

species can interact with the alumina Lewis acid sites, which can compete with 

those alkaloids that are not protonated (those that have a pKa in the acidic range). 

By an inductive effect, their binding might enhance the basicity of the alumina, 

but the pKa of some organic acids as well as some polyphenolates can overlap 

with the pKa of the alkaloids, yielding coelution. Acidic conditions were chosen 

in order to avoid the alkaloids complexation and to reduce coelution of these acids. 

2. Pigments477 : because pigments play key metabolic roles (e.g., photosynthesis, 

insect landlines for pollination), it can be expected that an extract will contain a 

given amount of them, encompassing a wide variety of functional groups, such 

that these can interfere with purification. Acidic conditions protonate different 

functional groups, as the above case, and the neutral states are more soluble in 

low-to-medium polarity solvents. While the protonated alkaloids are in a cationic 

state. 

3. Non-ionizable metabolites: compounds that contain groups that do not ionize 

under the pH= [2 -10]. Low polarity compounds would elute early, while polar 

compounds (e.g., sugars, polyols) would both interact with the protons from the 

solvent thus reducing interaction with the solid phase, and some would reach the 

alumina interacting with the Lewis basic sites by H-bonding. 

The majority of compounds were protonated (Xtrt-H+ ) by re-dissolving the dried 

extract in 5% HCl ethanol 95% - water (1 :1), until the dissolution reached pH~ 3. An 

excess of neutral alumina stationary phase was pseudo-modified with the Xtrt-H+ by 
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static adsorption (Xtrt-H+ -alumina), see Fig. 53. The Lewis basic sites would be 

occupied by H + and positively charged alkaloids (alkaloid-NH+ , and alkaloid4thN+ 

), also hydrogen bonding with acidic hydrogens would be expected (e.g. , orgamc 

acids). The Lewis acid sites would be interacting with water molecules, neutral 

alkaloids, and other electron-rich functional groups such as alcohols, polyols. Charge 

transfer interactions are expected for polarizable aromatic compounds. 

The fractionation process was divided in two phases: organic solvents polarity 

gradient and aqueous pH gradient. The Xtrt-H+ -alumina was fractionated by dynamic 

desorption with a polarity gradient solvent system (low-to-high polarity transition, 

acidified ethanol, methanol, and water). The fractions were collected based on several 

parameters: polarity, color change, and eluted volume. The aqueous pH gradient was 

stablished by neutralization with 10% NaOH(aq) until the eluent had pH = 10. The 

fractions were collected based on several parameters: pH change, color change, and 

eluted volume. Aluminum derivatives were expected due to the pH range utilized. 

5.1.1.1 Label code 

Natural products research implies the generation of a considerable amount of samples 

e.g., those derived from the extract's fractionating and chemical tests. The following 

label style allows for a fast sample naming but keeping a good experimental record, 

avoiding duplicities or redundancies that represent valuable laboratory time F. 

Each species has an assigned lab notebook, under the name: Scientific name, 

Volume number. For example, the experimental work on Dysphania ambrosioides 

took seven notebooks, which nicknames were: Dal, Da2, Da3, Da4... and so on. As 

experimental work was recorded, and samples generated, the sample name in the label 

is recorded as : book-page-entryletter. Let's suppose that in the book Da3, in the page 

23, is an experiment that yielded five different samples. Each sample has a unique 

FThis method was designed by the chemist Sergio Ortiz, a Guatemalan natural products researcher, 
and my licenciaturee degree advisor. 
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name: 

Da3-23A, Da3-23B, Da3-23C, Da3-23D, Da3-23E, and so on. 

The names of the newly generated samples are highlighted in the page by enclosing the 

given name in a box. Now, let's suppose that more samples are generated later, and the 

experimental work is recorded in the page 24 of that same book, the names would be: 

Da3-24A, Da3-24B, Da3-24C, and so on. 

For the species investigated the lab-book's names were: 

• Attalea cohune =Ac (Ac, Ac2) 

• Bourreria huanita =Bh (Bh, Bh2, Bh3) 

• For Dysphania ambrosioides, the synonym Teloxys ambrosioides was utilized = 

Ta, because the laboratory work was already ongoing when the botanist indicated 

which one was the final accepted name (Ta, Ta2 up to Ta8). 

The part of the plant utilized was pictographically represented as follows : 

Ac-mfl =Male Inflorescences of A. cohune 

Bh-fl =Flowers of B. huanita 

Da-lvs =Leaves of D. ambrosioides 

Da-aer =Aerial parts of D. ambrosioides 

All extracts were prepared at the facilities of the Biochemistry and Microbiology 

Laboratory at UVG. Final sample storing was in sterile, new, 50 mL Falcon tubes, and 

sent to Universityat Buffalo, by DHL services, transportation at room temperature G. 

Afterwards, the extract was stored in a card box, at -80°C, in Dr. Aga's Lab (Room 

684), until it was further analyzed. 

Material utilized and illustration of the extraction process is shown in Fig. 54 and 

the extraction conditions in the Table 5.1. 

GFalcon tube renders traceable contamination, and it is not as fragile as glass. 
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Figure 54: A. cohune plant material extraction. The male inflorescences of the entire panicle were extracted. They were separated in 

groups of 500 g to be extracted with ethanol, boiling method, constant volume. Observe that the material was partially oxidized after 

extraction. Further oxidation of the extracts components by the boiling method. Supernatant was collected with filter paper Whatman 

No. 5 and tweezers. 
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Table 5.1 : Experimental conditions for the extraction of three different plants: male 

flowers of A. cohune , flowers of B. huanita , and leafs of D. ambrosioides , and the 

static adsorption conditions for the B. huanita flowers extract. 

Parameter (units) Ac-mfl Bh-fl Da-lvs 

Extraction 

Dried plant material 2.3 2.1 0.63 
(Kg) 
Extracting solvent 8.05a 9.oa 4.4b 
(L) 
Maceration 3 15 0 
(days) 
Boiling method 60 90 45 
(mins) 
Yield of raw extract 3.4 2.3 10 
(% (w/wdry)) 
Yield of specific 0.3 Alk 0.005 Alk 1.5 Sap 
fraction 
(%(w/wdry)) 

Static adsorption 
Alumina 800 
(g) 
Extract 40 
adsorbed (g) 
Evaporation time 48 
(hrs) 

a =etOH 70% 
b =distilled water 
Alk =Alkaloidal fraction 
Sap =Saponin fraction 



5.1.2 A. cohune Extracts ( Ac-mfl ) 

Plant Material Collection and Identification of Ac-mfl 

Collection: A still enclosed panicle of A. cohune inflorescences was bought in the 

local market: 'Mercado Colon', 13 av. 7th and 8th street, zone 1, Guatemala City, 

Guatemala, Guatemala, Central America. Cost: 50 USD (approximated exchange value 

for Q400.00) H_ Stored at room temperature. Once in the laboratory facilities (vide 

supra), the panicle blossomed about 48 hrs later 1; immediately all the A. cohune 

staminate flowers (male inflorescences) were manually separated from the rachillae and 

from the pistillate flowers (female inflorescences) 1. The staminated flowers were 

collected over wax paper, weighed and immediately extracted (see Fig. 54, and 11). 

Botanical identification of Ac-mfl : specimen authentication was performed by Dr. 

Sara Barrios (botanist at Herbarium of Del Valle of Guatemala University, 

20012-2014), based on Standley and Steyermark, Flora of Guatemala 

205description 169, and gave the accepted name based on The Plant List online 

database 119 . One herbarium sample of the male flowers was deposited in the Medicinal 

Plants Herbarium at the ONG Regional Projects for Empowerment through Education 

(Proyectos Educativos Regionales de Autoayuda PERA) 6 avenida 8-25 zona 2, 

Guatemala ciudad, Guatemala, Guatemala, Guatemala K. 

Hydro-ethanolic extract preparation Ac-mfl : Extraction was performed by the 

boiling method with 70% ethanol ( microbiology grade, Ferkimsa, Guatemala, CA), at 

the facilities of the Biochemistry and Microbiology Laboratory at UVG. The extraction 

solvent volume was the equivalent to three times the volume occupied by the plant 

"in the local market is called: canoa de coroza. More information of this market can be found at 
http://mu.muniguate.com/index.php/component/content/article/3-mercados/177-mercadosmunicipales 

1Some of the components of male inflorescences of A. cohune oxidize when the enter in contact 
with the atmospheric air, andthe characteristic beige color becomes a dark brown. The flowers in one 
rachillae oxidizes in two to three days (Revolorio and Perez 10 spiked a food antioxidant agent to prevent 
the oxidation of the EO and the hexanic extract). Neither the EO nor the volatile alkaloids were targeted in 
the following experiments, certainly more studies characterizing this phenomenon should be performed. 

lutilizing gloves, no other tool was needed since it is a fragile junction. 
Kin which Dr. Sara Barrios is ad-hoc botanist. 
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material. The samples were boiled for 45 min, with constant magnetic stirring and with 

occasionally agitation with the glass rod. Plant material was removed by filtration with 

sterile cotton cloth and then with filter paper Whatman No. 1. This solution was 

distilled at the laboratory's atmospheric pressure; it was concentrated to 100 mL. All 

the samples, belonging to the same batch of plant material, were pooled together. The 

oxygen-labile components were induced to oxidize under boiling ethanol, at 

atmospheric pressure; potentially, yielding both a change in the extract's color and 

reduction of EO abundance. These conditions are highlighted because the extract's 

components might also react, and the compounds isolated would be the product of this 

particular extraction process e.g., composition can vary with other extraction 

techniques. The mixture was evaporated to about 500 mL in an open system, such that 

allowed to collect any supernatant (the supernatant formation was observed with the 

concentration of the first sample batch). That was 'fished' from the boiling solution 

with filter paper (see Fig. 54). The concentrated extract was stored protected from light 

and under continuous atmospheric airflow until reach a final volume of about 100 mL. 

Supernatant was packed. Extract was stored for 24 hrs, 4°C, light protected, afterwards 

it was partitioned to targeting the alkaloid extraction. 

Solubility and pH preliminary tests About 50 µLof the fresh the extract and of 

the supernatant were tested for solubility in 1 mL of the following solvents : n-hexane, 

CHCl3 , water, aqueous acidic pH. 

Drying extract: The remaning solvent was evaporated at 40°C, three days, protected 

from light and dust. 

Alkaloid extraction of Ac-mfl : 

Alkaloid isolation was approached as described above (see 5 .1.1) with some 

modifications. The dried extract was redissolved in 5% HCl in MeOH. The dissolution 

was adsorbed to cellulose as stationary phase (cellulose-extract-H+ ). The dynamic 

desorption technique was soxhlet. Low polarity compounds were removed with CHC13 
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and the cellulose-extract-H+ was basified to pH 9 with 27% NH4OHaq· The 

alkaloidal fraction was eluted with CHC13 and that solvent was removed by 

distillation; the residue was qualitatively tested for alkaloids. 

5.1.3 B. huanita Extracts ( Bh-fl ) 

Plant Material ( Bh-fl ): The shade-dried flowers were donated by the 

microbiologist M.A. Miguel Torres. They were collected from Finca Belencito, 

Antigua Guatemala City, Guatemala (14°32' 55.44"N, 90°44' 02.39"W). Taxonomical 

classification was confirmed by the botanist Lie. Mario Veliz at the Herbarium of the 

School of Biology, Universidad de San Carlos de Guatemala, state university. The 

voucher sample is deposited at the Farmaya Laboratory Herbarium (voucher No. CFEH 

895). This is the same tree specimen utilized in the psychopharmacological study by 

Holzmann et al. 13 (See Sec. 3.2.3). 

Extract preparation and fractionating of Bh-fl : Extraction was performed by 

72 hrs maceration of the dried flowers with 70% ethanol, in a light and dust protected 

glass container. The maceration solvent volume was the equivalent to three times the 

volume occupied by the plant material. The supernatant was filtered with sterile cotton 

cloth and Whatman paper No. 1. The macerated plant material was further extracted by 

boiling the remaining plant material with fresh 70% ethanol, 45 min, continuous stirring, 

keeping constant volume. Plant material was divided accordingly to available glassware 

(sub-samples). Extract was hot filtered (60 °C) twice: first with sterile cotton cloth, 

second with filter paper Whatman No. 1. The translucent extract was concentrated by 

simple distillation, all the sub-samples were pooled together during this process, residue 

volume: 500 mL (2 X 250mL). The final volume of 200 mL was achieved by boiling 

the mixture, with special attention to foam formation (saponins might be present). The 

concentrated extract was stored protected from light and dust ( covered with filter paper 

Whatman No. 5), under continuous atmospheric airflow until reach a final volume of 
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about 75 mL extract of a syrupy consistency. The sample was stored and properly labeled 

in a sterile Falcon tube. Alkaloids were detected with Dragendorff's test (vide supra). 

Two methods for alkaloidal fractionation were attempted: a test with the soxhlet 

extraction technique (same as the applied to the Ac-mfl extract), and a modified 

protocol of solid-phase extraction (see Sec. 5.1.1). Briefly, the dried extract was 

redissolved in 500 mL MeOH-HCl(conc) (10:1); the remaining extract was washed with 

250 mL of a higher polarity ternary mixture: MeOH-water-HCl (20:20:1). Additional 

HCl was added until reach pH= 2 (measured with pH-paper). Protonation reaction was 

incubated overnight, room temperature, protected from light and dust. The solution was 

concentrated to half its volume by continuous airflow at room temperature, atmospheric 

pressure, overnight. The product was static adsorbed to neutral alumina, overnight 

(alumina-Bh-fl -H+ ), alumina amount (g) = g extract X 35. An excess alumina was 

added (alumina amount (g) = g extract X 10). The alumina-Bh-fl -H+ was dried at 

continuous airflow, room temperature, atmospheric pressure, over three days, protected 

from light, and dust (container covered with filter paper Whatman No. 1), with 

occasional homogenization. 

Dynamic desorption: A chromatography column was packed with the alumina

Bh-fl -H+ hexanic slurry. The polarity gradient elution steps were: hexane, MeCli, 

acidic ethanol, acidic ethanol-methanol (1 :1 ), acidic methanol, acidic methanol-ACN 

(1 :1), ACN, ACN-water (1 :1), acidic water. At least lL of each step was eluted with the 

fraction volume being [100-125 mL], the appearance was recorded (e.g., color, presence 

of foam). Acidic water was added until the eluate was colorless. 

The pH gradient elution steps were: neutral water, followed by aqueous solutions 

with increasing basicity (NaOH 0.1 %, 0.2%, 0.4%, 10% ), until achieve eluent at neutral 

pH. Finally, column was washed with ACN (500 mL) and ethyl acetate (400 mL). 

Fractions were evaporated. Basic alkaloids were expected to elute mostly in the 

aqueous acidic fractions. 
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Further purification of selected alkaloidal fractions: filtration (borosilicate filter 

0.2 µm), washed with water. The filtrate was basified to pH 8 with NH40H(aq) 27%. 

A cloudy solution was considered as a positive presence of a basic compound, that was 

extracted with MeCh(3 X 10 mL). The organic layer was evaporated and the container 

checked for any solid or liquid residue (if so, the residue was analyzed by FfMS, see 

Sec. 2.2.3), and the aqueous phase for any remaining cloudiness. If a basic compound 

was present in the aqueous phase, the re-acidification of that fraction would yield a 

soluble substance (cloudiness disappearance). The acidic solution was extracted with 

MeCh (3X10 mL), for further removal of low polarity compounds. 

5.1.4 D. ambrosioides Extracts ( Da-lvs and Da-aer ) 

Collection, identification and drying of the plant material ( Da-lvs and Da-aer ): 

Collection A ( Da-lvs ): 

Aerial parts of D. ambrosioides were bought in the Guatemalan local market 

'Mercado Central', 9th avenue, between 7th and 8th streets, zone 1, Guatemala City, 

Guatemala, Guatemala. Vendor name: Dona Rosa L. The phenological state was the 

beginning of flowering. 

Collection B: ( Da-aer ) Cultivated D. ambrosioides in the facilities of PERA, from 

wild apazote seeds collected from the local market as in collection A. Entire specimens 

were harvested two times in a year: April and September. In both cases plants were 

flowering. 

Botanical identification ( Da-lvs and Da-aer ): authentication of both collected 

samples were performed by Dr. Sara Barrios (botanist at Herbarium of Del Valle of 

Guatemala University, 20012-2014), based on Standley and Steyermark, Flora of 

205Guatemala description 169, . Three herbarium sample of the aerial parts (A) as well as 

one entire specimen (B) were deposited in the Medicinal Plants Herbarium at the NGO 

Lin the local market is called: apazate. More information of this market can be found at 
http://mu.muniguate.com/index.php/component/content/article/3-mercados/177-mercadosmunicipales 
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Regional Projects for Empowerment through Education (Proyectos Educativos 

Regionales de Autoayuda PERA) 6 avenida 8-25 zona 2, Guatemala ciudad, 

Guatemala, Guatemala, Guatemala. In which Dr. Sara Barrios is ad-hoc botanist. 

Special attention was given to differentiate from a related species that is commonly 

found in South Mexico Chenopodium incisimum Poir, Teloxys graveolens), and 

Chenopodium graveolens (all synonyms describing the same specie). 

Drying conditions ( Da-lvs and Da-aer ): Plant material from collection (A) and 

(B) were shade dried during two weeks. These are similar to the traditional storage 

conditions. The dried plants (A) and (B) were separated in: flowers, leaves, haulms, and 

roots (when applicable). 

Extracts Preparation (Alkaloidal and Saponin Fractions) 

Alkaloidal fraction (Da-lvs (A)) : Extraction was performed by the boiling method 

with 70% ethanol (microbiology grade, Ferkimsa), at the facilities of the Biochemistry 

and Microbiology Laboratory at UVG. The extraction solvent volume was the equivalent 

to three times the volume occupied by the plant material. The samples were boiled for 45 

min, with constant magnetic stirring and with occasionally agitation with the glass rod. 

Then, it was filtered with sterile cotton cloth and then with filter paper Whatman No. 1. 

This solution was distilled at the laboratory's atmospheric pressure; it was concentrated 

to 100 mL. All the samples, belonging to the same batch of plant material, were pooled 

together, and evaporated to about 500 mL. The concentrated extract was stored protected 

from light and under continuous atmospheric airflow until reach a final volume of about 

100 mL. The extract was fractionated by silica column chromatography (see Sec. 5 .1.1) 

Sterile ascaridole-less aqueous extract of the leaves of D. ambrosioides 

(SALAEL-Da) and its saponin fraction (Da-lvs (B): Extraction was performed by 

the autoclave method with distilled water, at the facilities of the Biochemistry and 

Microbiology, and the Biology Laboratories at UVG. The added water volume was the 

equivalent to two times the volume occupied by the plant material. The samples were 
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autoclaved for 45 min, 120 °C, up to 35 atm. Then, it was filtered with sterile cotton 

cloth and then with filter paper Whatman No. 1. All the samples, belonging to the same 

batch of plant material, were pooled together, and evaporated to the 'foam point' (about 

0.5 g/ mL). The concentrated extracts were stored protected from light and under 

continuous atmospheric airflow until reach a final volume of about 100 mL. The 

viscous extract was extracted with butanol until a colorless solution was obtained by 

two consecutive extractions. Phase separation was performed by centrifugation. The 

solvent was evaporated unde air flow, at room temperature, weighed and the dried 

product was stored protected from light. Further purification was performed by HPLC, 

see appendix B.2.2. 

5.1.5 Qualitative chemical tests 

Dragendorff's test for alkaloidal detection84 : Alkaloids Chemical Test: the 

Dragendorff's test was performed for sample drops over the silica gel plates 487 . The 

alkaloids piperine and aconitine were utilized as positive control, and the cardiotonic 

glycosided digitonin as negative control. 

2,4-Dinitrophenylhydrazine test for carbonylic groups detection: To lO0µLof 

sample ( at least lmg/mL ethanol, previously filtered transluscent solution) were added 

50µLof Brady's solution488 . Precipitate formation was considered as positive for 

carbonyl group presence in the sample's solution. 
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5.2 Targeting New Chemical Entities with MS as the 

Discovery Tool 

A successful natural products drug discovery workflow that targets novelty would 

include checking points to avoid reisolation or rediscovery M. In this study two 

checking points were included to achieve this aim: a dereplication step and a selection 

criterion to choose a drug-like candidate whose chemical scaffold elucidation would be 

pursued. 

a) The dereplication step was keystone for prioritize potential novel compounds to 

be further characterized (e.g., bioassaying, purification, and structural elucidation). An 

ideal dereplication approach would let to know the knowns present in a given plant 

extract, or at least to define if a main analyte is an already characterized compound N. 

The latter was pursued in this study, in which the high resolution mass spectrometry 

(HR-MSn ) technique played a central role in this study, as well as the open access 

chemoinformatic tools that are available online. Fourier transform ion cyclotron 

resonance mass spectrometry (FT-ICR-MS) have been the technique of choice to 

analyze natural complex mixtures, because it can broaden the breadth and depth of 

compositional information489 . Thus, the dereplication step was based on searching 

exact masses, m/z 's, and on the comparison of the observed fragmentation patterns, 

and further data refinement was achieved by applying filters on functional groups 

detected by 1H-NMR and IR spectroscopy techniques (Sec. 6). The high accuracy ( 1 

MThe criteria, of course, would depend on the projects' objective, which can be from search for novel 
sources of a known metabolite, to isolate metabolites that are similar to a known scaffold but with different 
substituents such that those new compounds have a different type of bioactivity, or to find a novel scaffold. 
A broader view respect to bioactivity assays is starting to germinate, in which the enrichment of the 
biologically relevant chemical space can be enriched with new scaffolds of natural products without being 
limited for the type of bioactivity tested 109 . 

NFor instance, a main metabolite can be an already reported compound, but other substances present 
in that natural extract might be novel compounds. The analytical efforts can be focused toward their 
analysis, or even lead to change the extract analyzed, for instance, to change extraction methodology, 
organ extracted, or even the species under analysis. 
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ppm) also enabled the detection of interferences (e.g., tannins, polyphenols, fatty acids, 

proteins) and potential Pan-Assay Interference Compounds (PAINS) 490 . 

b) The selection criteria to choose a drug-like candidate were based in different 

parameters: those that are trend in orally active drugs (Lipinsky's rules for drug leads 

(LRDL) 491 and the rule of three for drug hits classification RTDH) 491 , the pan-assay 

interference compounds (PAINS) 490 , and a chemoinformatic analysis. The first MS 

analysis yielded the molecular masses (MM) and generated fragmentation patterns (MS2 

). The parameters for MMi ~ S00Da for LRDL or MMi ~ 300Da for RTDH were 

evaluated O . Mass spectrometry studies were performed for the sample from the corozo 

palm fraction that enhanced the antibiotic activity of gentamicin against the nosocomial 

bacteria MRSA-USA-300, such that it was needed one sixteenth of the associated MBC 

(l/16MBCGEN). 

Chemicals and Solutions 

High performance liquid chromatography-grade methanol, glacial acetic acid, 

ammonium hydroxide reactive grade (Sigma-Aldrich, St. Louis, MO), acetonitrile for 

LC-MS (Merck), ultra-pure water (Nanopure Diamond water purifier, Barnstead, 

Dubuque, IA, USA ), were used for solutions preparation and chromatographic 

separation. The external calibrating agent, for exact mass determinations, was arginine 

hydrochloride a (standard grade Sigma-Aldrich, St. Louis, MO), and they were 

prepared according to the supplier's recommendation. An ampule of 200 µLof 

deuterated methanol (CH3OD, NMR grade) and acetic acid (CD3COOD), 

Sigma-Aldrich, St. Louis, MO). Ascorbic acid was utilized as antioxidant (Fisher 

Scientific, A61, reagent grade). 

0 Larger molecules were not excluded, but compounds with m/z larger than 1500 Da were not found 
under the experimental conditions described below). 
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5.2.1 Application of Ion Trap Msn to the Initial Exploration of a 

Purified NPs Fraction 

Selected plant extracts were analyzed with an optimized ESI-MS method designed in 

collaboration with Dr. Ping He, utilizing the equipment in the Instrument Center at the 

Chemistry Dept., SUNY, at Buffalo 492 . 

Ion trap mass spectrometry instrumentation and the respective applied 

parameters: ESI-MSn experiments were performed in an ion-trap mass 

spectrometer493-495 : ThermoFinnigan LCQ Advantage Ion Trap LC/MS equipped with 

a surveyor HPLC system, and an electrospray ionization (ESI) interface. Data was 

processed with Xcalibur Version 1.3 software. The instrumental conditions were: ESI 

needle voltage: +5.0kV, (-5.0kV for the (-)-ion mode), sheath gas flow: 30 units, 

capillary temperature: 300°C, capillary voltage: 1OV. The automatic gain control of the 

ion trap was set to 5 * 107 , with a maximum injection time of 200 ms. As starting point 

for NPs analysis, all the mass spectra were acquired from 150 to 2000 m/z , in full scan 

positive ESI mode ( +ESI, MS+) and in negative ESI mode (-ESI, MS-). High-purity 

nitrogen was used as vaporizer gas as well as drying gas, and high-purity helium as 

damping gas at a pressure of 1 * 103 mbar. A total of at least 20 spectra were summed to 

yield the results shown. Sample solutions of fractionated plant extract were prepared in 

95 % ethanol, at an approximated concentration of 1 µg/L . Data were acquired in full 

scan mode, MS/MS and MSn modes recording the ions of interest. 

ESI-MSn of the chosen precursor ions were selected with an isolation width of 2.0 

Da, or less. A 5 e V stepwise increment in collision energy was performed in order to 

achieve fragmentation of the precursor ion. Helium was used as both damping gas and 

collision gas at a pressure of about 1 mTorr. 

Direct infusion was performed wit the mobile phase: 50% MeOH and 50% of 0.2% 

formic acid in ACN, at a flow rate of 400 µLmin - 1 and 25°C. 
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5.2.2 FT-ICR-MS Studies for the Characterization of Plant 

Extracts 

FT-ICR mass spectrometry instrumentation and the respective applied 

parameters: The FT-ICR mass spectrometer was located at the Instrument Chemistry 

Instrumentation Center, Natural Sciences Complex 328, Universityat Buffalo. 492 The 

majority of the experiments related to FT-ICR-MS were performed in collaboration 

and supervision of Dr. Troy Wood. The remaining samples were run in the instrument 

in collaboration with Emily Sekera. 

ESI-MS experiments were performed m a Bruker Daltonics SolariX 12 Tesla 

Fourier transform ion cyclotron resonance mass spectrometer, fitted with a 

nanoelectrospray source (Dionex Ultimate 3000 UPLC). Samples were injected into the 

nanospray source using a syringe pump at an infusion rate of 100 µLh- 1 . The 

electrospray voltage was optimized for each sample. The source temperature was 

180°C, capillary voltage set in the range of 3 to 5 kV. Mass spectra were acquired from 

150 to 2500 m/z , at a 2 Hz scan rate in full scan positive ESI mode (+ESI, MS+). Data 

was processed with the Compass software, v4.2, Bruker Daltonics p External 

calibration mixtures for [50- 1500} m/z : The mass standards of arginine and acetic 

acid standard were utilized for mass accuracy determination . The mass accuracy 

threshold was I ppm, acceptance for calibration curve for the standards' clusters : 

error~ lppm. For MS/MS+ experiments, a mass-selective external quadrupole was 

utilized with a m/ z selection window 2.0 Da, for a given precursor ion included the 

whole isotope cluster was passed to the collision cell. Or a smaller range was analyzed 

if an overlap with another molecule's isotope cluster was evident in the sample's full 

scan spectrum496 . Collision Induced Dissociation (CID) experiments for structural 

P Some notes about the instrument conditioning The instrument's injection tubing and syringe was 
multiple washed with a set of solvents, until reach a baseline below 2 * 106 intensity detected. The 
sequence was: acetonitrile, methanol, toluene. Common contaminants found in MS as well as in this 
particular equipment were traced to their source. 
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information insight, as well as to achieve fragmentation of the precursor ion, started at 

496 Q.Ecol/ =5 V, with stepwise increments of 5 V. The collision gas was argon 

5.2.2.1 Proposition of the Putative Molecular Formula of Selected Components in 

Plant Extracts by Determining Their Exact Mass Applying HR-MS 

The putative molecular formula (PMF) assignment was performed with the molecular 

formula calculator software (MasstoFormula version 1.0; Bruker, 1998), the targeted 

mass accuracy was 1 ppm or less. The following conditions were set as input for the 

PMF searches: i) organic nature: at least one C, H, ii) heteroatoms commonly found in 

natural products: 0, N, S, P, amount range [0 - 5], iii) elements participating in adducts: 

H, Na, K, NH4, amount range [0 - 3] iv) Double Bond Equivalent (DBE) not restricted, 

included 0 and DBEs with decimal values, such that the search can also be useful to 

identify the adduct type. From this generated list of PMF candidates, some formulas 

were eliminated because they were not likely to be observed in natural products extracted 

QGeneral Features Analyzed in the MS spectrum 

1. Highest intensity count detected for a given sample's component (Phic ): In order to perform 
further analysis of a given sample, the intensity counts threshold of the most abundant peak from 
that sample should be at least 1 * 107 intensity counts from the detector. 

2. Peaks amount (P# ): Because samples were in a purification process, the peaks amount should 
progressively diminish. Samples with more than ten peaks with intensity counts :::; 50% were 
evaluated for salt clusters, and further purification of the organic compounds. While those with 
less than ten P# were analyzed searching for salt clusters and organic compounds patterns. 

3. Potential salt clusters patterns (Pc1uster ): The following salt clusters could be expected from the 
chromatography column fractionation and acid-base extraction processes: acetate, ammonium, 
and silicon clusters. 

4 . Organic compounds pattern (ZPogc ): Components that showed the isotope pattern of an organic 
nature (sequential m/z with differences of 1 m/z , can be assigned for 12C , 13C , and the 
heteroatom isotope), were selected for further investigation. 

5. Single charged organic compounds: The targeted metabolites were those that ionize as single 
charged adducts, thus the isotope analysis included the verification of no isotope intermediate in 
the zpogc . Since this would imply that the species was double charged. 

6. Potential structurally related organic compounds: Under the hypothesis of potential 
biosynthetic relationship, the differences of the selected peaks (P# and zpogc ) were considered 
as neutral additions. Such a differences were input into the Mass-to-MolecularFormula program 
to molecular formulas (see Sec. 5.2.2.1), and those that matched for a plausible organic formula 
were selected. 
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with ethanol, e.g., atom radius: N/C, O/C, SIC, PIC larger than one R_ 

Comparison of selected MF against compounds databases Once a selected m/z 

was assigned with a pseudomolecular ion PMF, both the monoisotopic mass and the 

neutral PMF of the most plausible molecule, were searched in the following databases 

and search engines: Pubmed-chemical compound499 , Scifinder397 , Spectral database 

for organic compounds, SDBS 500, and Human Metabolome Data Base, HMDB 501 . The 

searches were narrowed down by applying filters of structural information collected by 

other experimental techniques (see Sec. 6). 

5.2.2.2 Determination of the Presence of Exchangeable Protons in a Plant Extract 

Fraction by HID Exchange Experiments Applying High Resolution Mass 

Spectrometry 

The application of FT-ICR-MS with HID exchange502 in gaining insight into the 

molecular structure of the analytes present in a NPs purified fraction was performed 

under the above described instrument conditions (Sec. 5.2.2), with some of the 

parameters adjusted. Those modifications were: size 2M, average scans 100, full scan 

m/z range [100 - 2000], for MS/MS+ experiments, the isolation window was 0.6m/z . 

Sample incubation for HID exchange: Exchangeable protons in the sample were 

explored at two different pHs: neutral and acidic conditions, both were carried out at 

room temperature. The first HID exchange experiment was the incubation of the 

sample with a deuterated alcohol as solvent. About 15 mg of dried sample were 

re-suspended in 200 µLin deuterated methanol (CH3OD), allowing potential exchange 

at neutral pH503 . After 48 hrs, two aliquots were taken and analyzed by high resolution 

mass spectrometry. The second HID exchange experiment was the incubation of the 

sample under acidic conditions (D+ ) of the sample already dissolved in MeOD. The 

deuterated methanolic solution was acidified with 100 µLof deuterated glacial acetic 

RA study on fulvic acid related compounds in effluent water yielded a set of proposed rules to assign 
PMFs of lignin degradation products 497A98 . 
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acid (CD3CO2D) (pH below 3). After 48 hours, two aliquots were taken and analyzed 

by high resolution mass spectrometry. In both cases the targeted m/z was at the sum of 

the pseudomolecular ion plus 3, for instance [MH + H + 1]+ would yield [MD+ D]+ 

8 , assuming one o + corresponding to the exchanged proton, and a second o + from 

the deuterated solvent as the cation source during the electrospray ionization T_ 

5.2.2.3 Exploration of Ascorbic Acid as Reaction Quencher of the Polymerization 

of an Alkaloidal-enriched Plant Extract Applying HR-MS to Detect the 

Reaction Products 

The application of FT-ICR-MS for the qualitative determination of the potential 

5o5products from the reaction between the radical quencher ascorbic acid 5o4, and a 

purified plant extract. Specifically, those products related to the alkaloidal nature of the 

sother combinations are also possible to occur assuming that all the exchangeable protons were fully 
exchanged with deuterium, e.g., [MD+ HJ+ . They may appear in the mass spectrum, but the detection 
of the [MD+ DJ + was the starting point to consider the presence of exchangeable protons. In this way, if 
the hetero-adduct [MD+ HJ + was observed, then the fully deuterated adduct was expected [MD+ DJ + . 

TFor example, let's assume that a given secondary metabolite M ionizes under the given conditions, 
and forms a [M + HJ + pseudomolecular ion at 100 m/z. If such a compound contains an exchangeable 
proton in its molecular structure (MH), then the m/zo expected to be observed from and an H/D exchange 
experiment would be: 

m/ zo = [MD + D]+ = [MH + H + 2]+ = 100 + 2 = 102m/ zo (5.1) 

Now, if the metabolite does not contain such an exchangeable proton (M), then the m/zo expected to 
be observed would be [M + DJ+ so3 

m/ zo = [M + D]+ = [M + H + 1]+ = 100 + 1 = lOlm/ zo (5.2) 

This approach can be followed for multiple exchangeable protons: 

# of HID exchangeable H-adduct type D-adduct type t,,.m jz = m/z0 m/zH 

0 [M+ HJ + [M+ DJ + + 1 
1 [MH+HJ + [MD+DJ + +2 
2 [MHH+HJ + [MDD+DJ + +3 
3 [MHHH+HJ + [MDDD+DJ + +4 
4 [MHHHH+HJ + [MDDDD+DJ + +5 

An example of a molecule containing four exchangeable protons, with t,,.m jz = 5m/z is the antibiotic 
trimethoprim, which forms a protonated adduct [MHHHH + HJ + 291m/zH and a deuterated adduct type 

502[MDDDD +DJ + : 296m/z0 
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sample, e.g., containing nitrogen in their putative molecular formula, as well as 

monitoring the targeted metabolites. The instrumental detection was performed under 

the above described instrument conditions (Sec. 5.2.2). 

Reaction conditions: About 1 mg of the dried sample was resuspended in 3 mL of 

23 µM solution of ascorbic acid in methanol. After 12 hrs of incubation at room 

temperature, it was checked if a precipitate was formed. If not, that solution was 

evaporated to dryness under air flow. Then it was resuspended in 3 mL of ethanol 95%, 

and the solution's physical appearance was recorded. After 12 hrs of incubation, 100 

µLof the sample was utilized for the HR-MS analysis. 

5.2.3 Analysis of the Composition of a NPs Fraction by LC-MS 

Prior Being Tested for Antibiotics' Adjuvant Bioactivity 

Selected plant extracts were analyzed with an optimized LC-MS method designed in 

collaboration with Dr. Randolph Singh, utilizing the instrumentation at Dr. Diana's Aga 

laboratory. 

Quadrupole mass spectrometry instrumentation and the respective applied 

parameters493-495 : The LC flow was split to 75 µL*min- 1 before entering the 

Agilent 6410 triple quadrupole MS detector, fitted with an electrospray ionization 

source. Mass spectra were acquired from 150 to 2500 m/ z, at a 2 Hz scan rate in full 

scan positive ESI mode ( +ESI, MS+), with a spray voltage of 4kV. The MS settings 

included a drying gas temperature of 300°C, a nebulizer pressure (N2) of 15 psi, and 

drying gas flow (N2) of 6 L*min- 1 . The isolation window was 2.0 Da. The Agilent 

Technologies MassHunter™ Software Version B (Palo Alto, CA) was utilized for the 

collection and data processing. 

LC separation conditions 493-495 : The chromatographic separation of analytes was 

carried out utilizing an Agilent 1100 LC system (Palo Alto, CA) with degasser, 

quaternary pump, and autosampler. A XBridge C18 , 100 X 2.1 mm, 3.5 µmdp column 
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(Waters, Ireland) was used to separate 10 µLof sample under isocratic conditions. The 

optimized mobile phase composition was 50% MeOH and 50% of 0.1 % formic acid in 

NANOpure™ water, at a flow rate of 400 µL *min- 1 and 25°C, this conditions were 

held for 10 min prior sample injection, to equilibrate the column. 

5.2.4 Natural Product's Dereplication Utilizing Open Access Online 

Available Chemoinformatics Tools 

Among the databases and searching engines consulted for comparison of the corozine 

508A molecular properties were 506- : 

Scifinder397 , Pubchem Structure Search499 , SDBSWebsite: Spectral database for 

organic compounds 500 , Human Metabolomic Database (HMDB) 501 ,5o9,s10 , ChEBI511 , 

Chembl512, ChemSpider513 , ZINC 514, HeteroCycles 515 , NAPROC-13 516, NPACT517 

and the in silica mass fragmentator CMF-MS 518 aided by molecular online 

drawers 519,520 . 

5.3 Prioritization of Further Characterization of the 

Alkaloidal Fractions From Three Plants From the 

Rainforest 

The alkaloidal fraction of A. cohune (corozo) was selected to start its structural 

elucidation, which is described in the following section (Sec. 5.4) and in Chapt. 6. 

Based on the HR-MS analysis of the alkaloidal fractions of B. huanita and D. 

ambrosioides, it is proposed that they contain new chemical entities (see Sec. 5.4.2 and 

Appendix B). Therefore, more studies aiming their characterization will enrich the 

chemical space, most likely the biologically relevant chemical space due to their 

bioactivities (Sec. 3.3.3, 3.2.3, and 4) 
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5.4 Detection of a Potential New chemical Entity in the 

Fraction AcllK by Mass Spectrometry Techniques 

The palm fraction Acllk contained a main component occurring at 325 m/z was 

assigned as C21H2sN2O, and the potential for radical polymerization was slightly 

explored. In brief, the overall process was u : an initial screening of an aliquot of 

Acllk (10 µglmL stock solution diluted to lµg/L) with ion trap-MS yielded the 

presence of 325 m/z , its dimer and trimer (Sec. 5.4.1). This degree of purity is 

outstanding for a natural products fraction obtained during the raw extract evaporation 

v_ Further analysis by ion trap-MS2 showed a characteristic fragment at 233 m/z . The 

putative molecular formula of the compound at 325 m/z was assigned as C21H2sN2O° 

, [M+H] + , 325.22797 m/z, 0.13 ppm, based on the accurate mass determination by 

HR-MS (see Sec. 5.2.2.1). A characteristic fragment was found by HR-MS2 , and it 

was assigned as C14H21N2O+ , 233.2646 m/z, error 1.03 ppm. This was related to the 

neutral loss of a C7Hs, regarding molecular structure it can be said that C1Hs is one or 

the sum of two 'end functional groups' resulting from the nitrogen chemistry during the 

CID 521 , and that C14H21N2O+ is a core functional group (see Fig. 60 and its 

associated text). The C21H29N2O formula was not reported in the consulted databases, 

thus started to hint that this compound might be a new molecular entity (NCE) sensu 

latu 522 w_ Two chemical reactivity studies were performed (Secs. 5.4.3 and 5.4.4). 

uMS workflow ideated in collaboration with Dr. Diana Aga and Dr. Troy Wood. 
vAn attractive feature for industrial production purposes. 
win an strict sense the following terms were coined by the Food and Drug Administration (FDA): 

New molecular entity (NME): the active moiety is not yet marketed in the United States by any drug 
manufacturer either as a single entity or as part of a combination product. It has been utilized in a 

523•524sensu latu by scientists to refer to a core skeleton that was not been previously reported 108- . The 
term new molecular entities sensu latu encompasses natural products, natural products derivatives ( e.g., 
semisynthetic, mimetics, pharmacophore guided molecular design), and biologics derived from non
human sources (as peptides, proteins, antibodies, and nucleic acids) 207•525 . New chemical entity (NCE) : 
means a drug that contains no active moiety that has been approved by FDA in any other application 
submitted under section 505(b) of the Act. If FDA classifies a compound as a NCE, then the Agency 
considers a drug product eligible [. .. ] for five-year period of exclusivity Active moiety: means the 
molecule or ion, excluding those appended portions of the molecule that cause the drug to be an ester, 

202 



First, no exchangeable protons were detected by H/D exchange experiments, thus 

implying the absence of at least the following functional groups: hydroxyl (-OH), 

carboxyl (-COOH), primary, secondary, or tertiary amines (-R1NH3+ , -R2NH2+ , 

-R3NH+ ) in which the nitrogen acted as a base. Second, an exploration of the reaction 

mechanism of the observed polymerization in aprotic solvents was attempted utilizing 

ascorbic acid as radical quencher. Under those conditions, no formation of the dimer 

or the trimer was detected by the two detection methods, formation of precipitate and 

HR-MS detection of the trimer x. A potential radical mechanism was considered, as 

well as a reaction pathway relating the variety of interesting experimental observations 

was proposed Y. From these MS studies results, it can be inferred that the compound 

with 325 m/z in this sample might be a new chemical entity, with the putative 

molecular formula C21H2sN20, with a molecular structure such that it can not donate 

H-bonds, and a chemical reactivity that favors its polymerization, potentially via a 

radical mechanism. These findings -together with other spectroscopic features, see 

Sec. 6- were incorporated as filters in the analysis in chemical databases. Lastly, the 

purity of the aliquot utilized in the antibiotic adjuvant bioassays (Sec. 4), was of 325 

m/z was at least 95%, as determined in Sec. 5.4.5, due to an evaporation and 

re-dissolving process applied during bioassay preparation. Further study of both 

chemical and biological properties of this compound should be pursued. 

salt (including a salt with hydrogen or coordination bonds), or other non covalent derivative (such as 
a complex, chelate, or clathrate) of the molecule, responsible for the physiological or pharmacological 
action of the drug substance 522 . 

x Due to the low solubility of the polymer in both polar and non-polar solvents, its detection might be 
optimized by applying other ionization methods. 

Ye.g., reversible polymerization while going from aprotic solvents to alcohols (protic solvents). 
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5.4.1 Application of Ion Trap Msn to the Initial Exploration of the 

Fraction AcllK 

The main component of the palm extract fraction Acl lK was determined to occur at 325 

m/z, detected in positive mode (Fig. 56). Two other m/z could be associated to 

a potential polymers derived from the compound at 325 m/z: a dimer at 649m/z and 

a trimer at 987 m/z. All those three m/z were detected above 1 *107 intensity units. 

While in negative mode corresponding negative charged ions were not detected. Under 

this evidence, this fraction was further chemically characterized. 

The LC-MS analysis of the palm extract fraction Acllk is shown in Figs. 57 and 

58. The targeted compound, at 325 m/z, was assigned as [M + H]+ (see Sec. 5.2.2.1). 

The coeluting component with 649 m/ z might be a homodimer form of the component 

observed at 325 m/z A_ 

5.4.2 Proposition of the Putative Molecular Formula of the Main 

Metabolite Detected in the Palm Extract (Fraction AcllK) by 

Applying HR-MS as Analytical Tool 

The full scan spectrum of the sample Acl lK is in Fig. 59, the main detected analyte, 

monoisotopic mass, was at 325.22797 m/z . This component was assigned as the 

adduct, and the best putative molecular formula candidate 

(MolecularMasstoFormula software, Bruker) was [C21H29N2O + H] + . 

Some insight on the molecular moieties present in analyte '325' was gained by 

increasing the molecular internal energy in the MS/MS+ experiments,by increasing the 

526CID intensity 507, ,527 (see Fig. 60). The fragment ion with the closest m/z to the 

AFor instance: 
monomer at 325 m/z [M+H] + , monomer mass= 325 - 1 = 324 Da. The dimer would be (324)*2 = 648 
Da, and [2M+H] + = 648 + 1 = 649 Dais the expected mass. The observed monoisotopic mass was 649 
Da, studies at higher resolution may clarify the nature of 649 m/ z 
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Figure 56: Initial screening ESI spectra of the palm extract fraction Ac llK, direct 

infusion a) (+)-ESI MS full scan. b) (-)-ESI MS full scan. 
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Figure 57: ESI-MS chromatogram corresponding to sample of the palm extract fraction 

Acl lK detected by ion trap MS. a) (+)-ESI-MS Total ion chromatogram (TIC) acquired 

over a mass range of [150- 2000] m/z in positive ion mode. b) (+)-ESI-MS Extracted 

ion chromatogram (XIC) for 325 mz. c) ( + )-ESI-MS full scan mass spectrum containing 

325 m/z . 
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Figure 58: (( + )-ESI-MS2 analysis of a sample palm extract fraction AcllK. a) Total 

ion chromatogram (TIC) acquired by direct infusion b) (+)-ESI-MS2 Extracted ion 

chromatogram (XIC) acquired for 325 m/z. c) (+)-ESI-MS2 MS/MS spectrum with 

precursior ion 325 m/z CID 30 eV. 

https://1.40-1.49


a) 

lntens . +MS 
1+ 

325.22742 
x1 09 '325': [Monomer+ H]' 

PMF: c,1H29N20 ( 3.1 mDa) 
MS/MS+: '233' main fragment 

6 

4 

1+ 
679 .4 4 205 

2 

200 400 600 800 1000 1200 1400 1600 1800 rrJz 

l - yellowACA.14.18C1 1 1 000001.d: +MS 

b) 

ESI FT-ICR MS 

yellowACAIA 18C1_1_1_000001.cl: -+MS 

9x10 

6 

[M+H] ' 

Exact mlz = 325.22744 
Putative molecular formula : 
C21H29N20 
Error 0.13 ppm 

2 

100 150 200 mlz 

Figure 59: FT-ICR analysis of sample Acl lK. a) FT-ICR full scan of sample Acl lK. 

Sample was stored in polyethylene container. b) Putative formula for analyte with about 

325 m/ z, inset: experimental MS spectrum pattern of '325' corresponds to an organic 

compound. 
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precursor ion was at 233.1646 m/z, stable at least up to 20 eV. It was assigned as 

C14H21N2O+ (233.1648 m/z calc, error 1.03 ppm), and a neutral loss of 91.9625, 

which putative molecular formula was not stablished ( C7H8, 92.06204 Da, error 1081 

ppm). Because '233' was formed even at low CID (5 eV), it is probable that '92' 

neutral loss is bound to a stable core. This supposition derived from a similar analysis 

by Jackson et al. 496 , whom applied low energy CID in order to identify end group 

functionalities. Even though attempt to assign putative molecular formula of other 

fragments with error higher than 100 ppm (monoisotopic mass prediction), but the 

fragment assignment will require more studies on the fragmentation route of this 

compound 8 . 

5.4.3 Determination of the Presence of Exchangeable Protons in the 

In the fraction AcllK, the main component corresponded to m/z = 325 (Sec. 5.4.1) 

with the putative molecular formula C21H2sN2O (Sec. 5.4.2). If one or more of the 

hydrogens contained in that molecular structure were exchangeable protons, e.g., bound 

to hydroxy or amino groups, then an enriched m/z pattern related to '325' would be 

observed, as shown in Table 5.4.3. The mass spectra of the HID exchange experiments 

are in Fig. 61 and 62. The (+)-ESI-MS spectrum of deuterated sample taken from the 

AcllK fraction shows a similar organic compound pattern as in the control (325 m/z 

), but shifted by one unit c. This trend is consistent with the absence of exchangeable 

protons in the molecular structure under consideration (see Table 5.4.3). Therefore, this 

filter can be applied to the '325' structural elucidation workflow. 

8 i)The neutral loss achieved at CID=lO eV (91.9625 m/z ), which can be assigned with the putative 
molecular formula C1Hs (92.06259 Da, error 100 mDa); ii) the ion 91 m/z achieved at CID=20eV, 
which has been related to C7H7 + (77.03912 m/z , 68.5ppm), for example the closed shell aromatic 
cations: benzyl and tropylium ions. 528 The norbornadienyl cation have also being detected at low collision 
energies (at higher CID it isomerizes to an aromatic cation) 528 . 

ce.g., no enrichment of the m/ z patterns in a window of 10 m/ z was observed. 
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Table 5.2: Comparison of expected vs . observed m/z pattern of a HID exchanged sample. The presence of an exchangeable proton 

would enrich the number of m/z observed in HID exchanged analytes. # of HID XC = number of exchangeable protons; OBP m/zH = 

m/z values of the observed organic compound pattern from non-treated sample; !im/ z = m/zv m/zH; PP m/ zv = predicted organic 

compound pattern from HID exchanged treatment; OBP m/zv = m/z values of the observed organic compound pattern corresponding 

to HID exchanged analyte. 

#ofWDXC H-adduct type OBP m/ZHa D-adduct type !im/z PP m/zv OBPm/zv 

0 [M + H] + 325,326,327 [M + D] + + 1 326,327,328 326,327,328 
1 [MH + H] + 325,326,327 [MD +D] + +2 327,328,329 - b 

2 [MHH+H] + 325,326,327 [MDD +D] + +3 328,329,330 - b 

3 [MHHH+H] + 325,326,327 [MDDD +D] + +4 329,328,329 - b 

4 [MHHHH+H]+ 325,326,327 [MDDDD +D] + +5 330,331,332 - b 

a = The observed m/zH pattern was related to the isotopes: 12C, 13C, 14N and 18 0. 
b = Pattern not detected. 
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Figure 61: Determination of the presence of exchangeable protons in compound 

corresponding to 325 m/z (AcllK fraction) by HR-MS experiments. a) (+)-ESI-MS 

spectrum of sample taken from the AcllK fraction, [M + H] + =m/z 325, dissolved 

in ethanol and the respective (+)-MS2 . b) (+)-ESI-MS spectrum of sample taken from 

the Acl lK fraction, after HID exchange at neutral pD in MeOD, [M + D] + =m/z 326, 

and the respective ( + )-MS2 . 

https://tRAIIH.uo


,

a) Non-treated samp'le (before HID exchange) 

~cl ,'a!"T'j illlltr1-!A .!,i:E_ 

·;•,1' 
,, 

1 
325 .22721 

[M12c + HJ• 
' ~f1m

•~' 
l+ 

2:B .16476 ' " "" 

.. , 
,,, 

,1 
"I• 

'Ill I 

Ill 

1 

'I 
326.23052 

I + HJ + u'' 

1'1f~4111 

JU,_ ~4 j I 

11 11 

"'' J;,, .IP IT/ """ "'" !f"I ,,;.'I "'· 

b) After HID exchange, solution D-acetic acid (DOOCCD3) 30% in MeOD 

1+ 
325,.22721 

2.34.1680 7[Muc + HJ+ 

1~ 
3 26.23282. 

[Mrn: + Hr 
1! s ::.tS.o :ns.: aao Jl5E lJf a :!.!": 1tla 

j 4 tl SA Otte. 1 ~Ii (llc.,JOl,4~ 

Figure 62: Determination of the presence of exchangeable protons in compound 

corresponding to 325 m/z (Ac llK frac tion) by HR-MS experiments. a) (+)-ESI-MS 

spectrum of sample taken from the Acl lK fraction, [M + HJ+ =m/z 325, dissolved in 
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acidic pD (MeOD and DOOCCD3), and the associated (+)-MS2 . 
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The putative molecular formula assigned to 325 m/z , C21H2sN2O, was searched 

in several databases and searching engines (see Fig. 63, Sec. 5.4.3 and Sec. 5.2.2.1) 

and no report of such a formula was found. Inquiries of the monoisotopic exact mass 

325.22797 m/z as adduct, and 324.22069 Da as neutral compound and a 0.5 Da window, 

yielded no candidates that fulfilled the filtering parameters obtained from the MS and 

other spectroscopic analysis, for instance non-exchangeable protons and non-aromatic 

protons. This evidence hints that the compound corresponding to 325.22797 m/z 1s a 

new chemical entity. 

5.4.4 Potential Polymerization in Ac13K Sample and Its Relation to 

the Purification Process 

A summary of solvent effects on the potential polymerization of analytes present in 

the Ac13K sample can be found in Table 5.3, and the mass spectra of a sample that 

contained both phases a yellow solution and a white precipitate are shown in Figs. 59 

and 67. These findings are briefly discussed below. 

Solvent effects: Over all alcohols dissolved the analyte preventing or reducing the 

polymer formation rate as less precipitate was formed compared to non-polar solvents. 

Indeed, the non-polar solvents seemed to favor the equilibrium towards the dimer 

formation (see Table 5.3). In general, solvents that can not donate H-bonds favored the 

precipitation formation, especially MeC12and DMSO. The solubility of the monomer 

in alcohol can be explained by their interaction with the hydrogen bonding acceptor 

heteroatoms (0 and N), and non-polar interactions with the R- from the alcohols. It 

would be of interest to test further trends and stability as function of the aliphatic chain 

in the alcohol, e.g. propanol, butanol, pentanol, hexanol. The low-to-zero solubility of 

the potential polymer in polar and non-polar solvents can be partially explained by 

structural features of a polymer D. 

0 The heteroatoms (N and 0) -that in the monomer acted as electron acceptors- are now hindered to 
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The precipitate in the Ac13K sample might be a polymerization product. This is 

proposed based on the detection of the peak at 987 m/z while injecting sample 

containing its characteristic yellow solution (the presumptive monomers) with a white 

precipitate (the mass spectrum of that potential polymer can be found in Fig. 59 E_ It 

seems that not only '325' polymerizes, but other components can also react. The 

sample was evaporated to dryness and re-suspended in ethanol, and the supernatant 

filtered. This process was repeated at least seven times before its utilization m 

bioassays. The final solution was quite enriched on '325' analyte (see LC-MS m 

appendix). A possibility could be that the other mixture components reacted faster, and 

in a non-reversible way, such that they were not resuspended in ethanol 95%. The 

relative stability of Ac13K sample in ethanol, could be seen as a molecular reactive 

region stabilized by H-bond donation from the solvent, with further stabilization by the 

hydrophobic interactions with the ethyl group from ethanol. Two features were of 

special interest. First, the solvent effects in the precipitation reaction 529 , such as the 

existence of a concentration threshold to precipitate and the role of 

non-H-bond-donor solvents e.g., DMSO. Which hinted for an intermolecular 

interaction stronger than the salvation shell, solvent effects can determine the pathway 

of a given reaction, including radical reactions 529 , at the same time DMSO is sensitive 

to radicals in solution530 . Second, some of the precipitation products could undergo a 

reversible reaction. Or at least a reaction pathway that yielded the same m/z , for 

example going from '325', precipitating to '987', and reverting to '325' when they 

were diluted back in ethanol. Charge transfer interactions 531 , as well as the formation 

establish H-bonds. Or, their unshared electrons are participating in a conjugated or in an aromatic system, 
such that their H-bond acceptor capacity is significantly reduced in the dimer structure. The non-solubility 
in non-polar solvents can be explained by a reduction on the ratio of the molecular surface exposed to the 
solvent vs.i the potential polymer's molecular mass. Thus, even though the potential polymer can be 
highly lipophilic, its molecular structure does not allow for enough intermolecular interactions with low
to-medium polar solvents to maintain it in solution. 

Elt is worthy to mention that the peak at 649.2 m/z in Sec. 5.4.1, could be a dimer form [2M+H]+ = 
[2X(C21H2sN2O + H] + =649.44760 m/z , which would represent an error of 381.4 ppm, the molecular 
mass of other formulas considering either loss or gain of C, H, 0 , or N, that could be related to either loss 
or gain of common functional groups. 
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a) Parameters for database search 

• putative molecular formula C21H1sN20 (HR-MS exact mass) 

• mass 324-326 Da (HR-MS exact mass) 

• hydrogen donor= 0 (no OH, no NH from IR & 1H-NMR spectra) 

Filters applied to the initial hits list 
• no aromatic protons (1H-NMR spectrum) 

• no C=N (IR spectrum) 

• no C=O (IR spectrum) 

HMBD search 

• 0 hits total 

b) 

PubMed search 

1227 hits total 

Filter hydrogen donor= O 
734 hit 

Excel list (by IUPAC compound name) 
Filter: no aromatic protons from benzyl or phenyl 

124 hits 

Filter: no C=N, no C=O, no aromatic protons from 
other groups but evaluating the hydrogenated 
versions 

O hits final filter 

c) 2-(1, 1-dimethyl-Scifinder PMF search 
2-propen-1-yl)-

1 0-methoxy-19-methyl C21H28N20 6,8-dimethyl
• 4406 hits (19a,20a)-yohimban, (B~.9~)-ergolin-9-ol 
• (all contained aromatic 1H) 

,..;~""-11. Filter: ocurrence 
,.. ' • 5 hits ~ I .• 

4' ~ Filter : no aromatic protons 
• 0 hits 

. . . or Filter: no C=O, no C=N 
1-(asp1dosperm1d1n-1-yl)- • 0 h·t fin I flt r

1ethanone ; s a I e 
N-[2-(methy1(2-

phenylethyl)amino]propyl]
N-phenyl-propanamidebis(4-(diethylamHu ~ phenyl]- ,,, "";l:· 

ino) y (~# 
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Figure 63 : Summary of the results from searches for compounds matching the analyte 

with 325 m/z from the corozo palm extract, fraction Acllk. a) Structural axioms 

utilized as parameters for the initial searches and further filtering of the generated list 

hits. Summary of the results from searches in b) Pubmed 396 and HMDB 501 databases, 

and c) summary of the results from the searching engine Scifinder397 . 



r.t., + 
+ Non-H- bond 

donor solvent 
+ other 

OR products 
>3.4mg/ml EtOH 95 

If radical mediated If Diels-Alder reaction 
Then NO polymer observed (no ppt) Then polymer observed (ppt) in 
in presence of .radical quencher presence of radica.l quencher 

Radical initiato.r Dienophile + Electrophile 
DA rx1n 

!I" 
r 

TEST: •b 

ascorbic acid as radical quencher 

Figure 64: Exploration of a potential polymerization mechanism: radical intermediate vs. Diels-Alder reaction. Schematic diagram of 

536the potential expected results from addition of a radical quencher to the reaction solution, ascorbic acid as radical quencher534- . 



lntens. .,r:,o i +- +MS 
x109 987.67544 

l..2l> 

,+ 

IN• 
1+ 

8.682936 
1)15 

4 

~~~~WlJ ~~ ~M~1M~M
~IJO ' ' 

~ 1 a!!! 'ati!! 1J!.!I ~~ -nJmr-ArAl'l1~C1-1 1 i!Dllftll If -,.'Iii2 

200 400 O 1200 1400 1600 1800 m'z 

l-- yellowAG4.IA18C1 1 1 000001.d: -+M.S 

Figure 65 : Exploration of a potential polymerization mechanism of 325 m/z with 

ascorbic acid as a green radical quencher and detected by HR-MS. (+)-ESI-MS full 

scan spectra of an aliquot of Acl lk sample targeting 325 m/ z a) before and incubating 

538the sample with ascorbic acid in methanol, 24 hrs, room temperature537, . 
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of covalent bonds by Diels-Alder and radical reaction mechanisms 532,533 were 

envisioned. Non-covalent metal-ligand CIDs had been reported to be of about up to 6 

eV for single charged complexes 531 , which may imply that the precipitate is not charge 

transfer organic complex. 

The experimentally observed conditions at which polymerization occurs must be 

taken in account in the proposed reaction pathway: 

• Temperature: The reaction occurs at room temperature, 

• Electron excitation source: it does not reqmre external electron excitation 

532 535source , ,539 (e.g. photoexcitation, or electrochemical potential application), 

implying that the sample contains an intrinsic driving force to polymerize in a 

given environment540 . 

• Solvent effects: The equilibrium changes m solvents that are non-H-donors, 

specially in MeC12, favoring the precipitate formation. 

• Reaction reversibility: The monomer '325' can be reconstituted from the 

precipitate as analytes are resuspended and diluted in ethanol 95 %. This 

phenomenon have been previously observed for polyamides cross-linked with 

furan derivatives via a Diels-Alder mechanism 541-545 . 

Given the experimental conditions (above summarized), the intramolecular 

Diels-Alder (DA) reaction and a self-initiation radical polymerization reaction could 

be plausible. And even be competing mechanisms in a given environment533 . A DA 

reaction between two of the monomers would require that both the diene and the 

dienophile to be in the same molecule. While a radical mediated reaction would require 

a radical initiator agent. In both cases solvent effects play an important role. It should 

be noticed that CHCl3 , MeCh, and DMSO can form radicals 546,547 . 

As an explorative study, the role of a radical mediated mechanism was tested to 

define a potential intramolecular Diels-Alder reaction548 , or a radical mediated 
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Table 5.3: Effect of protic and aprotic solvents in the physical state of the components present in the sample Ac 13K. 

Monomer Dimer 
Comments

[M + H+]+ [2M+H+]+ 

Pseudo molecular ion (m/z) 325 349 monomer and dimer charges were +1 each. 
ESI, positive mode 

FraQments obsvd. (m/z) 
233 325, 233 similar fragments for monomer and dimer. 

CID =( 10 to 16) eV, all charoe +1 
Physical appearance lvell ow viscous liqu id white amorphous so li d --

Solvent 

Solvent's 
dielectric 
constant 

(8) 

Light 
exposure 

Atmospheric '325' monomer solubility 
oxygen qualitative observations at roo m rt. 

exposure 

'349' dimer solubility 
qualitati ve observati ons at room rt. --

Ac 13K is not water soluble eventhough the 
water 80.1 ye s ye s not soluble not solub le molecu lar formu la contains three 

heteroatoms. 

PBS buffer •70_9 yes yes 
no, starts to appear a white precipitate after 
24 hrs. 

not soluble 
precipitation implies new challenges in 
bioassaying thi s sample. 

abundant white precipitate formed from neat 
dimethyl-
su lfoxide 

46.7 ye s ye s 
yell ow sample, ye ll ow soluti on starts to fade 
away after ~ 1 min, after 5 min so luti on 

not soluble dimer formati on favored. 

remained sli ghtly yell ow. 
a ye ll ow so lution formed first, and a white 

acetonitril e 37.5 yes yes precipitate formed as functi on of time while not soluble --
the yell ow colorati on faded away. 

methanol 32.7 yes yes parti all y not soluble 
NMR spectroscop ic studies performed in 

CD3OD 

at cone. above ~3.7 mg/ml of Ac13K, it 
starts to form a white precipitate. The white at cone. above ~3. 7 mg/ml Ac13K, it starts 

at cone. be llow ~3. 7 mg/ml compound is 
ethanol 24.5 yes yes precipitate slowly dissappears as it is a dimerization reaction such that is 

soluble. 
redissolved in more ethanol and the yellow reversible as functi on of concentration. 
co lor is restablished in the solution. 

abundant white precipitate formed from neat 
yellow sample, ye llow solution starts to fade 

yes yes not soluble dimer formation favored. 
away after ~ 1 min, after 5 min so lution 
remained slightly yellow.

dichloro-
8.93 abu ndant white precipitate formed from neat 

methane 
yellow sample, ye llow solution starts to fade 

dimerization might be independent to 
no yes away after ~ 1 min, after 5 min so lution not soluble 

photoinduction. 
remained slightly yellow. Reacti on ran in 
dark room conditions and in amber vial. 
a ye llow so lution formed fi rst, and a white 

dimer-monomer equilibrium stab lished, with 
hexane 1.88 yes yes precipitate formed as function of time while not soluble 

dimer formation favo red after 24 hrs. 
the yellow coloration faded away. 



533 54o,549polymerization532, , ,55o, or a competition of both533 . An strategy for untangle 

this mechanisms is to utilize a radical quencher, which would inhibit a radical mediated 

polymerization, and favor the Diels-Alder mechanism533 . Thus, if the predominant 

reaction mechanism involves a radical, no polymer would be detected (e.g. no 

precipitate formation, absence of '987' in the respective MS spectrum). In the case of 

competing reactions, this conditions would favor the Diels-Alder mechanism. Ascorbic 

acid is a natural occurring radical quencher534,535 that has being added as antioxidant in 

sample preparation536; it is usually detected in negative mode due to the carboxylic 

acid moiety 537,538 . Among possible side reactions is the nucleophilic ascorbylation via 

Michael addition (e.g. to acrolein) or nucleophilic substitution (SN1) 551 . Among 33 

naturally occurring ascorby lated natural products that have been reported 551 , none of 

them was from the alkaloidal family. 

The experimental results related to this hypothesis are shown in Figs. 65 and 66, in 

which it is proposed a radical mediated reaction as a reaction pathway for the studied 

533 54o,549system532, , ,55o. This reaction pathway is briefly discussed below. 

Radical mediated polymerization that can be plausible at room temperature -and 

without requiring further electron excitation such as photoexcitation, by applying an 

electrochemical potential, or involve a metal agent- is not frequently observed. A 

source of radical initiators is oxygen radical532, as the reaction occurs under aerobic 

conditions. Another pathway is a self-initiation mechanism for polymerization via 

radical intermediates has been observed mainly m acrylate related 

533 54o,549compounds 532, , ,55o_ Examples of molecules that do not contain the acrylate 

moiety but that form radicals under that conditions are the so-called 

super-electron-donors (SEDs) 540 . SEDs are a type of radical initiators (metal free 

agents); whose electron loss is driven by the development of an aromatic radical. They 

can be in the form of neutral organic electron donors, two SEDs examples are given in 
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Figure 67: Exploration of a potential polymerization mechanism: a radical intermediate 

reaction pathways. a) Graphical summary of the results from the exploration of a 

potential polymerization mechanism: a radical mediated polymerization is proposed as a 

54 549plausible main reaction pathway 533, o, . b) Schematic diagram of a potential radical 

mediated reaction pathway of compound with MM 324 Da ('324') and ascorbic acid 
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Fig. 69540 F_ 

It is possible that the polymerization reaction under analysis is mediated by an 

electron transfer process, such that its driving force is the formation of an extended 

conjugated system, especially if aromaticity can be achieved in the radical state, such 

that the radical species is more stable than the closed shell monomer G. 

Solvent effects can modulate the equilibrium towards polymerization by accepting 

such an electron and forming an anion radical, for instance MeCii· , and in this way the 

reaction can be catalyzed by transferring one electron to another center of the molecule 

H 

A potential scenario 1s that the reverse reaction involves a polymer radical 

intermediate. A depiction of the energy states of the monomer and polymer present in 

Ac13K sample are presented in Fig. 68, the relative energies were selected based on the 

theoretical study by Murphy et al. 556 (in which they aim to predict 

super-electron-donor ability of an organic molecule). 

More evidence needs to be gathered in order to proof the herein explained 

hypothesis. For example, the exploration of radical reactions accessible to near room 

temperature, would include monitor by electroparamagnetic resonance the 

polymerization process 557 (under slow reaction conditions). Also other radical 

quenchers should be tested, including electron transfer acceptors and donors; radical 

initiators should be explored 558 . The potential of C21H2sN20 as 'super electron donor' 

can be determined through test this compound as a radical initiator or quencher in other 

FThey can also be as transition metal containing complexes 540 . 

G e.g., carotenoids and other highly conjugated systems can form radical cations by one electron 
transfer to an adequate solvent e.g., CHCl3, photoexcitation is required 546 , vinyl ethers can react at room 
temperature and its self-initiation mechanism had been investigated, other potential radical sources are 

553dihydropyran derivatives, which can dimerize via a radical-cation mechanism 552, . 

"e.g. , Pyrrole can participate in electron transfer reactions, either by accepting or yielding one electron 
and thus forming a radical anion or a radical cation, stabilized by the ring's aromaticity 554 . Fukuzumi 
et al. 555 reported a dipyrrolylquinoxaline derivative (DPQD) that can accept one electron from a metal 
complex initiator, in an aprotic solvent, yielding a pyrrole radical anion. The disproportionation involves 
two moles of DPDQ, a proton transfer from the pyrrole group in one DPDQ molecule to the quinoxaline 
moiety of the second DPDQ molecule. Reversibility of electron transfer steps was observed. 
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radical reactions 1. Studies on the chemistry of this natural product might yield a 

candidate of super electron donor, and its medicinal chemistry properties could be 

improved, for instance the C21H2sN2O water solubility. 

5.4.5 qTof LC-MS of a Palm Extract Fraction 

An aliquot of the palm extract fraction AcllK was tested for antibiotic adjuvant 

activity assays (see Sec. 4). Its composition was determined as a high purity natural 

product, as shown in Fig. 70. The total ion chromatogram showed the presence of at 

least two components, that appeared as two chromatographic peaks. The mass trace of 

each peak showed the presence of only one type of compound, with 325 m/z , both 

with the characteristic fragment at 233 m/z (which was consistently observed in the 

HR-MS experiments). Even though the sample was slightly yellow, detection at 420 

was not possible. 

5.4.6 Natural Products Dereplication: Utilizing Open Access Online 

Available Chemoinformatics Tools 

The putative molecular formula for the alkaloid in the Acl3k sample, C21H2sN2O a 

508survey on a set of mass spectra databases 507, was performed (for the list of databases 

consulted see Sec. 5.2.4). The HR-MS related searching parameters were: 325.22742 

m/z, 324.22014 Da, characteristic (+)-ESI-MS2 fragment 233.22797 m/z, molecular 

formula C21H2sN2O, adduct [C21H2sN2O + HJ + . In the figure 89,a sample of the 

results found are shown. The searching parameters included other structural axioms 

determined by orthogonal techniques (IR and 1H-NMR spectroscopy, see Sec. 6). A 

previously reported chemical entity that showed the observed spectroscopic signature 

was not found. 

1 560e.g., aza initiator559· can start a radical reaction and show other potential reaction sites, as well as 
consider access for addition of functional groups that can improve solubility, crystallizability, as well as 
medicinal chemistry properties of the corozine A. 
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Chapter 6 

Spectroscopic Characterization of an 

Alkaloidal Fraction From the Corozo 

Palm Attalea cohune 

In the framework of bioprospecting a given plant species, a potential profitable product 

are the plant extracts. Whose characterization will reveal the product's versatility 

because it points out to which potential applications could be better pursued A. The 

structure elucidation of a selected bioactive natural product is a step-stone that is part 

of the that characterization process. As experimental data is gathered, the novelty -or 

re-isolation!- consolidates, and the found structural features allows to assemble the 

puzzle of that novel chemical entity. This chemical investigation process complements 

the envisioning of the potential applications and markets e.g., applications initially 

proposed based on bioassays results and ethnobotany utilization reports. At the same 

time, and ideally once the full structure had been elucidated, it follows the phase of 

structure optimization in order to achieve the desired properties is usually needed, for 

AThe public utilization of such an extract can be validated through bioassays involving animal models, 
and to be sold as a food supplement. Or be used as a raw material for the fabrication of a given product, 
requiring the quantification of the active principle(s) in that merchandise. 

229 



instance its solubility. 

The bioinspiration561 m drug design and the scaffold enrichment of chemical 

libraries 8 can be an outcome of the structural features determination, too. As they can 

enrich the chemical space relevant for life sciences, or other chemical spaces as 

materials sciences. In such a way, even if a partial structure elucidation is achieved, 

those structural features can be source for design bioactive synthetic analogs. 

The corozo palm extract fraction Ac13k (which was a sample taken from the Acl lk 

fraction) showed antibiotic synergistic activity with gentamicin (Sec. 4.4.1), and a 

somewhat unusual features for a natural product, for example its 1 chemical reactivity , 

its solubility pattern, and its isolation procedure (Sec. 5). Based on the MS findings 

(putative molecular formula (PMF), m/z , and molecular mass) of the main analyte 

found in this fraction, it was proposed that this component is a new chemical entity 522 . 

Despite the challenges that this sample's solubility and reactivity posed, partial 

spectroscopic structural elucidation was possible by including computations in the 

chemical analysis toolbox. The structure elucidation outcome was the result of a 

workflow, that had to involve computationally-assisted, chemoinformatics and 

DPT-computations to generate and evaluate structural hypothesis, was a proposed core 

skeleton of the analyte with 325 m/z . The following experimental properties were 

collected: vibrational (Secs. 6.1.1 and 6.2.2), 1H-NMR (Secs. 6.1.1 and 6.2.3), and 

UV-vis spectra (Secs. 6.1.3 and 6.2.4) c_ The experimental and calculated 

spectroscopic responses are presented together to facilitate the structural features 

discussion. This core structure combines an oxazonine, a pyrrole as well as other 

moieties (see 85). A posteriori chemoinformatics-based check was performed once 

more in online resources (Secs. 6.1.4 and 5 .4.6) D. It was concluded that indeed the 

8 Material sciences is also an active field for application of new chemical entities. 
cThe accessible concentration of only monomer was a determining factor in that the 13C-NMR 

spectrum was not quite useful, and discouraged 2D-NMR experiments (see Appendix) . 
°For instances, the searching engine Scifinder397 , Pubchem Structure Search499 , SDBSWebsite: 

5o9 510Spectral database for organic compounds 500 Human Metabolomic Database (HMDB) 501 , , , 
520Spektraris NMR 562•563 , and the in silico mass fragmentator CMF-MS 51 8- . 
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analyte with 325 m/z is a new chemical scaffold (which is usually referred in this 

document as corozine A). By analyzing fragments of the proposed scaffold, two 

druggable binding sites were found via RCSB-PDB 564 and especially scPDB 565 a 

searching engine for druggable binding sites in proteins (Sec. 6.2.5.3). This opens the 

door to explore other bioactivities, as well as design of synthetic analogs that 

potentially can derive in new drug hits. 

6.1 Experimental and Computational Details 

All the instruments were located at the Chemistry Instrumentation Center, Universityat 

Buffalo, except the UV-vis instrument, that was located at Dr. Attila Gokumen 

laboratory. 

Chemicals and Solutions 

NMR analysis were performed with the samples dissolved in deuterated solvents: CDC3 

(99.8%), d4-methanol, D2O (Sigma-Aldrich, St. Louis, MO). Spectroscopic UV-vis 

experiments were performed in ethanol (95 %). 

6.1.1 FTIR Spectroscopy 

FT-IR spectra (neat) were collected with a Perkin Elmer 1760 FT-IR spectrometer 

instrument. Measurements were performed in collaboration with Dr. Ping He, 

following standard procedure of the Instrument Center for reading of neat samples. 

6.1.2 1H-NMR Spectroscopy 

NMR spectra were recorded on Bruker AM 400 (400 MHz) and DRX 500 (500 MHz) 

spectrometers. Spectra were recorded in a suitable deuterated solvent (CDC13, 

d4-methanol, D2O). Chemical shifts, 8, are presented as ppm with respect to the 
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chemical shift of the solvent used. NMR experiments were performed by the 

Instrumentation Center personnel (Flor Frerizone, 2016 and Sangamithra Sangupta, 

2017), following the Center's standardized protocols. 

6.1.3 UV-vis Spectroscopy 

UV-vis spectra were obtained on spectrophotometer Agilent 1100 UV detector, sample 

was contained in a 1 cm quartz cell, fitted for 100 µLvolume. Absorbance readings 

were performed in intervals of 20 nm, from 220 nm to 900 nm. Molar absorptivity 

(£) was determined following the Beer-Lambert equation566 , a linear regression of a 

five points set (concentration, absorbance units) for selected wavelengths (Amax)- The 

statistical analysis was calculated with Analysis ToolPak, Excel, Microsoft software, v 

15.31 (170216). 

6.1.4 Computational Details 

The overall workflow for computationally-assisted structure features elucidation is in 

Fig. 71 to 73. 

Chemdraw simulations of the chemical shifts of proposed structures were initially 

utilized for the candidates evaluation and to define if further modeling proceeded 

(Chemdraw, v14, Chem. Dept. University at Buffalo license). 

DFT computations of spectroscopic properties were performed utilizing the 

quantum chemistry software ADF Modeling Suite v.2017 (trial license). Geometry 

optimizations were performed at VWN/Dz level, for selected cases COSMO 

polarizable continuum model for a suitable experimental solvent, dielectric constant 

values were not modified from the given by ADF software. Local minima were 

confirmed by analyzing the computed harmonic nuclear vibrational frequencies 

(HNVFs). spectroscopic properties (HNVFs, chemical shifts, and UV-vis absorption 

energies) were carried out at the VWN/Dz//VWN/DZ level of theory. For selected 
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cases COSMO polarizable continuum model for a suitable experimental solvent was 

included, as an ADF option. No scaling coefficients were applied. The only-local 

density functional VWN was utilized to reduce computational time, while still 

rendering more accurate spectroscopic properties than the Chemdraw predictions. 

And, still allowing for feedback from the literature by comparison of computed spectra 

with the reported experimental spectra of other molecules of interest (e.g., expected 

structures, related functional groups); thus, enabling the exploration of functional 

groups and other structural features in a shorter time frame and an enriched source of 

candidates. Boltzmann averaging of the calculated static spectroscopic properties was 

considered case-wise567 E_ The VWN/Dz//VWN/Dz level of theory considers only 

local density levels for DFT computations, but faster, requiring less computation 

capacity, than hybrid functionals. The VWN functional can yield results with 

acceptable accuracy -at a shorter time of at least 1/4- for calculations on large 

systems e.g., more than thirty atoms 568 . This sacrifices precision in the spectroscopic 

properties calculations, but still yields more accurate results than the parametrized 

Chemdraw software. Settings for NMR properties calculations had been 

benchmarked569,570 in which the error associated to the utilization of only local density 

functionals had been determined (0.41 ppm for 1H-NMR ). The minimal error in 

IR-spectra predictions in organic molecules ranges from be 30 cm- 1 (B3LYP/hybrid 

functional and large basis sets, that can be twice or more CPU time consuming than 

572 1Hartree-Fock calculations) 571 , , to 143 cm- (SVWN/6-31G, a functional with only 

local density together with a small basis set, and lower CPU time) 572 . 

EDifferent conformations were evaluated to determine if more than one thermally accessible 
conformer at 298 K was viable In such a case, zero point energies would be included in the Boltzmann 
factors. 
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A Double-checking Point for Dereplication: Utilizing Open Access Online 

Available Chemoinformatics Tools 

Among the databases and searching engines consulted for companson of the 

506 507molecular properties of the selected compounds were , : Scifinder397 , Pubchem 

Structure Search499 , SDBSWebsite: Spectral database for organic compounds 500 

509 510Human Metabolomic Database (HMDB) 501 , , , Spektraris NMR562,563 

520RCSB-PDB 564 , scPDB 565 , and the in silico mass fragmentator CMF-MS 518- . 

6.2 Computationally-assisted Determination of 

Structural Features of a Bioactive and Potentially 

New Chemical Entity From Corozo's Palm Extract 

(Fraction Acllk) 

Due to the unique spectroscopic signatures observed in the spectra from three different 

techniques (UV-vis, Ff-IR, and H-NMR spectroscopies), this analysis is presented 

together with the predicted spectra from selected structure candidates, and literature 

reports on the related features F. The herein proposed structure(s) for Ac13k are 

the conclusion of a back-and-forth analytical process navigating through the results of 

different spectroscopic techniques and computational modeling (process depicted in 

Figs. 71 to 73). It should be noticed that the manipulation of the sample Ac13k was 

challenging, for example the restricted solubility range, and the polymerization at a 

concentration threshold below the concentration needed for standard NMR procedures, 

a single crystal from Ac13k sample was not achieved under a set of conditions. 

However, the sample's bioactivity, as well as the potential impact of the development of 

FTitle inspired on Structure Revision ofAsperjinone Using Computer-Assisted Structure Elucidation 
Methods by Elyashberg et al. 573 . 

234 



a non-traditional product derived from corozo palm in agricultural regions made this 

challenge attractive to be solved or at least to attempt to solve it. Then, 

computationally-assisted structure elucidation (CASE) and DFT methods were added 

to the chemistry toolbox 574 . The CASE approach was buildt on the 

spectroscopic-structural axioms from experimental data, and the fast calculation of 

proton shifts with ChemDraw. And the de nova structural elucidation method followed 

a systematic structural modification to generate sets of structural hypothesis, that was 

performed manually G_ Once a structural candidate was selected from the CASE phase, 

a more refined spectra simulation was pursued with DFT methods. 

This process had three general phases, their flowchart is in Figs 71 to 73. (I) 

Definition of the spectroscopic-structural axioms that define the problem 576 : The 

analysis of the experimental spectra aided by compiled experimentally observed 

absorbances for each techniques, yielding a list of which structural features were 

present, absent, or not confirmed (see Fig. 71). The course started with the putative 

molecular formula determined by HR-MS, followed by the detection of functional 

groups by FT-IR, UV-vis, and 1H-NMR spectroscopy. Also, it was taken in account 

reports on the plant's composition (Sec. 3.1). A summary of which structural features 

-that are commonly present in natural products containing C, H, 0, and N- were 

experimentally detected in the Acllk and Ac13k samples, that were associated to its 

main component with 325 m/z , is given in Figs. 74 and 75. Once the more evident 

features were established, the spectra of structurally related compounds were searched 

in a variety of databases (see Sec. 6.1.4) and the first structural candidates (SCs) were 

proposed as input of the next phase. II CASE: A fast-track but low precision 

computationally-assisted determination of structural features and candidates for 

the compound with PMF C21 H28N20 initiated with a modeling of their 1H-NMR (Fig. 

GThere is at least one structural elucidation software that is commercially available: ACD/Structure 
575Elucidator program v.14 574• . However, 1 H-1 H-NMR and 13 C-1 H-NMR information is also 

needed as input. This spectra were attempted to record, but it was limited due to the sample's stability at 
an useful concentration (polymerization). 
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72). For instance, the 1H-NMR catc of C21H2sN2O, calculated with the Chemdraw 

software, required a computational time of less than 5 min. Its drawback is that yields 

higher NMR errors for unusual structural features H than predictions based on quantum 

chemistry methods 577 . Structural features that yielded a Deale that was ±0.6ppm 1 

were no Dexp was observed were lowered in priority or discarded from the structural 

features in the proposed candidates. This computationally guided SCs proposals were a 

mean to gain a rapid orientation on what moieties could be ruled out. At the same time, 

some of the chemical shifts were assigned, and improved SCs emerged ready for a 

higher quality computational modeling of their spectroscopic properties. (III) DFT 

computations of spectroscopic properties of the selected molecules guided the 

structure refinement of the final candidates, flowchart shown in Fig. 73. Special 

attention was given to 1H-NMR chemical shifts as they reveal more structural details, 

and a correlation of the observed versus the calculated chemical shifts was calculated, 

and a linear regression correlation coefficient larger than 0.98 was considered as a good 

570performance according to the published benchmarks by 569, . Besides the verification 

list of the developed structural features list, additional filters were MS characteristic 

fragment, ring strain, and literature reports. Several iterations of this workflow yielded 

several structural candidates. In the following section is a more in deep analysis of the 

best candidate obtained following this workflow. Due to the novelty of the component 

with m/z 325, present the corozo's palm extract, corozine A is a proposed name of this 

new chemical entity J. 

8 e.g., unusual bonding, strained systems, systems for which electron correlation is important for 
accurate modeling of spectroscopic properties 577 . 

1This window was calculated as 3 X 0.2 ppm, the maximum absolute deviation of the best 
computational conditions in the DFf functionals and basis sets benchmarked by Wang et al. 569 . 

JThis substance can be considered as a new chemical entity specially because the putative molecular 
formula C21H2sN20 together with the observed spectroscopic features were not found. 
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Figure 71 : Flowchart of the analytical process for computationally-assisted elucidation of the structural features of a natural product. 

Phase (!):Analysis of experimental spectroscopic data for generating a list of structural features and a first set of structural candidates. ✓ 

=detected, X =not detected, X! =not detected, but occurs commonly, ? =not enough evidence to discard the presence of that functional 

group in the molecular structure. 
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6.2.1 Structural Features of the Best Structural Candidate Derived 

by a Computationally-assisted Spectroscopic Analysis 

Workflow 

The structural elucidation discussion is organized as follows : a) Some highlights on the 

sample handling, and some comments on the error associated to computational modeling 

of spectroscopic properties are given. b) Key HR-MS results from Sec. 5.4 are recalled, 

for instance the putative molecular formula of the main component of the Acl lK palm 

extract fraction. c) Functional groups are discussed based on the sample's IR spectrum 

and reported, as well as computed IR spectra (shown in Figs. 6.2.2). d) The refinement 

of the structure to the set of three structural candidates (SCs) is explained under the 

light of 1H-NMR chemical shifts, from the experimental and the modeled 1H-NMR 

of what was considered the best candidate, which showed the best agreement between 

experimental and calculated chemical shifts (see Fig. 6.2.3). e) UV-vis spectra 

are briefly analyzed (see Fig. 6.2.4). A schematic diagram of some of the proposed 

structures generated through this process is presented in Fig. 76. 

General comments about TD-DFT computations: TD-DFT systematically 

yields excitation energy values larger than the experimentally observed (e.g. lower 

Amax)567 , as it is observed in the calculations of the sample systems of oxypyrone and 

pyran shown in Figs. 79 and 80. 

6.2.2 IR Spectroscopic Analysis of Sample Ac13k Aided by DFT 

Computations of Several Model Systems 

: The experimental IR spectrum of the neat Acl lK (Fig. 77) showed several intriguing 

features K , listed in decreasing energy: the broad weak band at 3335 cm- 1 , the sharp 

wak band at 3007 cm- 1 , and the intensities of 1740, 1712 cm - l bands. The general 

Kor it might better to say, the intriguing part are the features that were not shown. 
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? 0-aromatics UV 
X protons C-H belonging to an O-aromatic ring NMR, IA 

Thus POTENTIAL functional groups present: 

)J~· 
Furan & A, 0-heterocycles 
If aromatics then fullv substituted 

N related features 
Detection Structural feature Technique 

X Amines N as1°, 2°, 3° basic amines or 4° saltsNMR, IR,MS 
? Amines, N as 3° but as non-basic amine MS 

X Amides NMR, IR 
? lmine groups NMR, IA, UV 
X N=O, abs 500 nm UV 
? N-heterocycles MS 
? N-aromatics UV 
? Pyrazine moiety MS (reported) 

X Protons C-H belonging to a N-aromatic ring NMR, IR 

Thus POTENTIAL functional groups present in mz 325 ~F\,. 

R, Fl,.'-.. N Y "\__
"'~'-/~ ,,,,l, , ,P ", () .J--{ ' 

3° amine I mine Az.o Pyrazine & other R, N-heterocycles 
non-basic amine Fullv substituted If aromatics=> then fullv substituted 

Figure 74: Compilation of functional groups potentially contained in in an alkaloid that 

was the of a palm's extract fraction. a) Oxygenated functional groups that commonly 

occur in natural products. b) Nitrogenated functional groups that commonly occur in 

natural products. 



1H related features 

Detection Structural feature Technique 
✓ D Variety of alkane hydrogens H-NMR, IR 

✓ All H were co up led no singlets in H-NMR 
? Potycycles DBE =9 

✓ at least one -C=CH- H-NMR, IR 

? Aromatic rings fully substituted H-NMR, IR 

X! H in aromatic ring H-NMR 

X! HO-, HN- H-NMR, IR, HID-MS 

✓ Reduced H-bond capacity solubility tests 

PMF: C21 H28N20, alkaloid Other features 
Detection Structural feature Technique 
✓ Conjugated double bonds UV-vis 
? At least 5 1t-orbitals interacting UV-vis 

yielding a yellow color 
? Aromatic rings, fully substituted NMR, IR, UV, DBE=9 

? Polycycles DBE=9 

✓ Reduced capacity tor H-bond donor solubility tests 

✓ Susceptible to polymerization MS 

✓ no C:O (DNPH test) rxn 

✓ Alkaloid (Draggendorf's test) rxn 
✓ C7H7 as "end group" MS 

Figure 75: Cont. compilation of functional groups potentially contained in an alkaloid 

that was the main component of a palm's extract fraction. a) Structural information 

related to protons in the molecular structure. b) Other miscellaneous features that were 

experimentally determined. 



Compound related to the structural candidates generation and refinement 
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2009) (Baran. 2009) carbonyl 

Figure 76: Compounds related to the structural candidates' generation and refinement. Initially a pyrazine ring as central moiety was 

considered, integrating the carbonyl group in an aromatic ring. 



steps followed to gain more insight on the molecular structure via IR spectroscopic 

analysis are presented in Fig. 78. 

1. 3335 cm- 1 broad peak (7 % total intensity, 18% intensity relative to methyl 

peaks), a band that can be associated to exchangeable protons (not detected in 

this analyte, see Sec. 5.4.3). Organic molecules with bands similar to the IR peak 

experimentally observed at 3335 cm- 1 in the Ac13K neat sample were found in 

the SDBS 500 ethers such as methyl-n-propyl ether, dibutyl ether, di- and 

tetrahydropyrans. Dihydropyran also show a band close to the carbonyl group 

band L_ The IR spectrum of the vinyl ether 3,4-dihydro-2,5-dimethyl-2H-pyran 

(pyran A) was modeled in gas phase as a test system for this and other bands. 

The experimental soo and calculated spectra are shown in Fig. 79. The calculated 

IR spectrum for one conformer of the pyran A in gas phase shows agreement 

with the bands related to -CH3 and -CH2 , the allylic proton, and the vinylic 

C-O-C. The broad band at 3335 cm- 1 was not reproduced, this area is usually 

related to intermolecular H-bond interactions, which simulation was not 

performed. This broad band might be associated with intermolecular interactions 

involving the interaction via a potential H-bond involving the C-O-C 

vibration and a proton from the alkane moieties. Another contribution can be the 

overtone due to anharmonic vibrations of the C-O, and C-N bonds, for instance 

it could be the first overtone of the absorption bands in the range 1650-1750 

cm- 1 . Those bands are discussed below. Further exploration on the origin of the 

1 579broad band at 3334 cm- may require simulations 578, such that they can 

LThe IR spectra of other compounds of interest for this band were (listed as in SDBS's appearance 
order): 2,3-dimethylquinoxaline I-oxide, 2-phenoxy-3-phenylquinoxaline, 2,3-dimethylquinoxaline 
1-oxide, 2-methoxy-3-methylquinoxaline 4-oxide, 5,6, 7,8-tetrahydroquinoxaline, 2-(3-ethoxy-
2-quinoxalinyl)acetophenone I-oxide, 2-(3-methoxy-2-quinoxalinyl)acetophenone I-oxide, 
5,8-dimethoxy-2,3-diphenylquinoxaline, 3-ethoxy-2-quinoxalinamine, 2-ethyl-3-phenylquinoxaline 
1-oxide, I-methylbenzimidazole, 2,methoxypyridine, 2,6-dimethoxypyridine,2-pyridone, 2,3-
dihydrofuran, tetrahydrofuran, 2-methylfuran, 3,4-dihydro-2,5-dimethyl 2H-pyran. 
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include intermolecular interactions M , among other factors N. 

2. 3007 cm- 1 sharp peak (7 % intensity, 18% intensity relative to methyl peaks), 

usually the CH3- and -CH2- bands are intense as 30% transmittance. The 

observed band could be related to a different kind of C-H environment than 

-CH3, -CH2, and an aliphatic -C=C-. As example of a different electronegativy 

environment was found dihydrofuran and dihydropyran (SDBS search500). The 

IR spectrum of the latter was already modeled (Fig. 79), and reproduced that 

pattern (DFT calculations trend to yield overestimated excitation energies). The 

IR peak experimentally observed at 3007 cm- 1 can be correlated with the 

vibration of the vinylic hydrogen oriented towards the electronegative 

nitrogen-moiety (predicted). 

3. 1740, 1712 cm - l sharp peaks (15 % intensity, 46% intensity relative to methyl 

peaks), usually carbonyl groups absorb at this energy, but showing a band intense 

as the methyls' band. In this case, the observed intensity hinted for a different 

C-O environment compared to a ketone or an ether. Since pyrazine was an 

alkaloid family previously reported in the corozo essential oil, Sec. 3.1.3, and 

given the absence of simple acid-base chemistry in the Ac13k solutions, a 

pyrazine moiety was taken as starting point. A literature search on pyrazine 

natural products containing oxygen in a carbonyl group -which hypothetically 

could yield a lower intensity peak in the carbonyl region, than a non-aromatic 

hydrogen- yielded xylogranatinin (structure proposed based on only NMR 

spectra) 580 . Another oxygen functional groups with no exchangeable protons are 

ethers, in the search on SDBS 500 was found that dihydrofuran and pyrans showed 

absorbance at this region. The computational analysis of the band at 1740 cm- 1 

MThis can be seen as analog to the weak intermolecular H-bond between a -CH3 hydrogen and the 
C=O oxygen studied by Brela et al. 579 in crystalline PHB. 

Ne.g., molecular dynamics methods, the inclusion of anharmonic terms in the calculation of 
579 vibrational frequencies 578, 
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was performed by DFf calculations of the vibrational spectra of two small model 

molecules: the already modeled pyran A and 6H-pyrido[l,2-a]pyrazin-6-one, 

called as pyrazinone A (see Figs. 77, 78, 79, and 80). Their IR spectra are shown 

in Figs. 79 and 80 (no IR-spectrum was found for a similar pyrazinone). The 

C-O related bands at the 1740 cm- 1 region showed different intensities. The 

intensity of the pyran A band was weak, similar to the experimentally observed 

for the sample Ac 13k. The intensity of the pyrazinone A was similar to the 

intensity of a carbonyl group, despite the electron delocalization due to the 

aromatic ring. Therefore, a vinyl moiety was considered as the most likely group 

yielding the band at 1740 -l sharp peaks with 15% intensity, 46% intensity 

relative to methyl peaks. The 1712 cm- 1 was found to be related to conjugated 

-C-N- bonds. 

6.2.3 H-NMR Spectra of Sample Ac13k and a Putative Assignment 

of Structural Core Features Aided by DFT Calculations 

The experimental spectrum of Ac13K and the calculated 1H-NMR spectra for the 

structural candidate # 48b are shown in Fig. 81 and 82. The structural candidate # 48 

was obtained via the CASE approach based on predicted chemical shifts utilizing 

Chemdraw. Eventhough not full coincidence was observed, the chemical shifts of the 

oxazonine linked to a fully-substituted (methanoazenometheno)-pyrrol moiety were 

tested with this model. Because it was an unusual combination of functional groups, the 

DFf calculations were necessary to review them for the putative assignment of the 

chemical shifts in the experimental 1H-NMR . This enabled further structural candidate 

refinement (SC# 368, Figs. 87 and 88). 

For the SC# 48b, the observed chemical shifts were assigned to protons of the 

structural candidate 48 rotamer b. There was another conformer in gas phase 

(Boltzmann factors: b=0.75, and 48b a=0.25) but when solvent effects were included in 
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Figure 77: IR-spectra analysis of the corozo palm extract, sample Ac13k. 

a) Experimental IR-spectrum of the neat sample Ac13k (IR-Spec-exp). b) 

Calculated IR-Spec-exp and the calculated IR-spectra of the structural candidate 48b 

(VWN/Dz/NWN/Dz). Band assignment was based on the calculated vibrations. Black 

=experimental spectrum (IR-Spec-exp), red =calculated spectrum. 



Structural information gathered by IR spectroscopic analysi,s, experiments and OFT calculations 
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Figure 78: Flowchart structural information gathered by IR spectroscopic analysis, experiments with Acl3k sample and DFT calculations 

of sample models. 



a) 3,4-dihydro-2,5-dimethy-2H-Pyran, experimental (BR064109, Biorad Lab.) 
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Figure 79: Experimental and calculated IR spectra of pyrane A. Pyrane A= 3,4-dihydro-

2,5-dimethy-2H-pyran. a) Experimental IR-spectrum of neat pyrane A (BR064109, 

Biorad Lab.). b) Calculated IR-spectrum of pyrane A (VWN/Dz//VWN/Dz), gas phase. 

c) Overlapped spectra of pyrane A, experimental (green) and calculated (red). 



6H-pyrido[l,2-a]pyrazin-6-one, gas phase, VWN/Dz//VWN/Dz 
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Figure 80: Calculated IR-spectrum of pyrane A (VWN/Dz//VWN/Dz, gas phase). 

Pyrazinone A= 6H-pyrido[l,2-a]pyrazin-6-one. 



the geometry optimizations, conformer b would dominate the optical response 

(Boltzmann factor b=0.95) . The experimental vs. predicted values correlation index 

(95% level of confidence) were RDFT-48b
2 =0.9846 , and Rchemdraw-4sl =0.7532, 

respectively 0 . The structural assignment of the main analyte present in Acl3K is 

correlated to the proposed structure 48b 570 . 

6.2.4 Analysis of the UV-vis Spectra of Sample Ac13k Aided by 

DFT Calculations 

The UV-vis spectra of the sample Acl3k at different concentrations are shown in Fig. 

83. From the absorption bands in this electromagnetic radiation region, the presence of 

aromatic groups and conjugated double bonds can be confirmed, but no further detail 

was evident. The molar absorptivity was determined at three wavelengths in which 

apparent linearity was observed, and confirmed by statistical analysis (see Fig. 83). The 

absorbance maxima (Amax) at 420 nm (£420 

(£480 = 0.57 cm- 1M- 1) showed linearity in the concentration range of [0.0055 - 0.55] 

582M of corozine A. This values can be considered as low molar absorptivities 581, , 

specially when compared with £350 = 40 cm- 1M-1 of a dye designed for solar cells 

utilization 583 P. The general shape of the calculated UV-spectra compared well with 

°Further analysis of "rotamer b": Chemical shifts calculations can yield variations from experimental 
570value, their over- and under-estimation had been reported for different levels of theory 569, . In some 

cases a scaling factor can be applied. In this case, according to the shielding affecting each given hydrogen, 
they were classified as: 1) Hfatty : C-CH-C, ("fatty hydrogens" labeled as: b, d, g, i,j, k, m, n, o , in 
black), 2) Ha: X-CH-C, where X can be N, 0 (a-hydrogens labeled as: a, c,f, l, in green), and 3) H13 : 
X-C-CH, where X can be N, 0 participating in a conjugated, but non-aromatic system (/3-hydrogens 
labeled as: e, h, in orange). 

For Hfatty , a shift of -0.22 ppm was applied (calculated - experimental = shift). For alkanes the 
chemical shifts can be overestimated. The setting proton was H; (5C-pentacycle), whose chemical shift 
was calculated as 2.57 ppm and assigned as 2.3 ppm in the experimental spectrum. This trend was true for 
all the Hfarry . For Ha and H13 , the applied shift was of +0.39 ppm. The setting proton was He (allylic H), 
whose chemical shift was calculated as 4.96 ppm and assigned as 5.35 ppm in the experimental spectrum. 
After applying this scaling scheme, the correlation increased to 0.9958. 

PThis optical property makes prohibitive the UV-vis analysis of diluted samples, e.g., 5µL /mL that 
corresponds to 1.54 µM of corozine A, the micromolar concentration range was the analyzed by LC-MS 
(Sec. 5.2.3), and tests for detection at 420 nm yielded no reading, data not shown. 
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5 

Figure 81 : 1H-NMR -spectra analysis of the corozo palm extract, neat sample Ac 13k 

dissolved in d4-methanol. 



"6 (ia c { j-!} 
,l '" { n " 

C j 
a 

Ii a J 

a a Experimental
=~=~====r====:.:,,,-..o..-~~~=--=----=:....;......l.&.-- Sample Acl3k 

5 4 
1H•NMR Ch~mical shift (8, pp~) 

Output of the CASE applied in this study, 
Structural candidate #48 rotamer b 

a 
3,4 ,4.1 * 
2.97.3.90 

t 6 
4.23 0 

2.3 ,1.8 
2.55,2.01! 
2A6;2.36 

n 
1.3 

0.29J.JIIJ.53 
0.84 

m 

0.71 
0.73,0.79,0.' '> 
0.85 

1.9 , 2.1* { 
1.77,2.07 

2.00 

H 5.JS* e 
4.96 
4.27 

SpEac:t ra at the ,a me sea le 

IUPAC name (Chemdraw) 
(Z)-4-ethyl-12,16-d imethyl-
1,6,7, 10,11,12-hexahydro-
2H-6,9-[2,S)epipyrrolocyclopenta 
[3,4]pyrrolo 
[2,1-d][l,S]oxazonine 

Chemical shifts 
Experimental 
Cale OFT {VWN/Dz//VWN/Dz) 
Predicted Chemdraw 
*low confidence - Chemdraw 
Letters: Exp. putative assignment 

Assignment performed applying a 
shift of -0.ZZ ppm to fatty H's to 
and +0.39 ppm to H neighboring 
other functional groups 

Figure 82: Putative chemical shift assignments No. 1 of seven multiplets in the 1H-NMR 

-spectra analysis of the corozo palm extract, sample Ac 13k. a) Calculated 1H-NMR 

chemical shifts (8, ppm) of the CASE-output: structural candidate 48b (Chemdraw 

and VWN/Dz//VWN/Dz in methanol). Chemical shift assignment was based on the 

DPT-calculated 1H-NMR. b) Putative assignment No. 1 of of seven multiplets in the 

experimental 1H-NMR -spectrum of the neat sample Acl3k by comparison with the 

DPT-calculated 1H-NMR. 

https://1.77,2.07
https://0.29J.JIIJ.53


the experimental (see Fig. 84), transition energies were overestimated as expected Q_ 

The lower lying transitions were assigned as predominantly n - -to - -'17:* utilizing 

the molecular orbital contribution analysis, corresponding to a HOMO-LUMO 

transition. The isosurfaces of the orbitals contributing to the lowest lying transition are 

shown in Fig. 84, in which can be noticed some contribution of the n - -to - -'17:* 

transition type from the electron density located at the "unshared" nitrogen electrons 

transitioning to the '17:* system. 

Other comments: N-H bond vibration was not detected, and the pseudomolecular 

ion in MS was assigned as : [C21 H2s N2 0 + HJ + , therefore the nitrogens can be either 

as a conjugated tertiary amine or as an imine (e.g., the Hingsberg reaction test was not 

considered as necessary). 

6.2.5 Final Remarks 

After compile the above discussed structural information, it is proposed that the core 

structure of Corozine A IS a (Z)-4-ethyl-1,2,6,7-tetrahydro-6,9-

(methanoazenometheno )pyrrolo[2, 1-d] [ l ,5]oxazonine (Fig. 

85). 

6.2.5.1 Further Exploration of Structural Hypothesis for Ac13k Main Analyte 

(Second CASE) 

The ring constrains that poses SC #48 b were taken in consideration, and a new cycle 

of SCs was run to generate a set of compounds shown in Fig. 86. The 1H-NMR was 

predicted with Chemdraw for each of the SCs, finding that the 1H-NMR of SC# 368 was 

the best match among the analyzed set of structural hypothesis. The 1H-NMR of SC 

# 368 was utilized for the attempt of for a putative assignment of the experimental 1H-

Qoue to the low accuracy of this DFf conditions for excitation energies with ADF software, and 
since the chiroptical module trend to yield more accurate results, this was obtained by first calculating the 
CD-spectra and then transforming all the rotatory strengths to positive values. 
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Experimental UV-vis spectIra of corozo palm ext1ract fraction Ac13k 
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Figure 83: Experimental UV-vis spectra of corozo palm extract fraction Ac13k and calculated UV-vis spectra of SC# 48b at different 

concentrations. 
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NMR (putative assignment No. 2 shown in Figs. 87 and 88). The respective correlation 

plot yielded R2 
(Chemdraw vs. 368)=0.983 R_ It should be noticed that the strain imposed by 

the epicyclobutene group might be questionable, but examples of natural products with 

585similar butene moieties have been reported, some examples 584, are shown in Fig. 86. 

6.2.5.2 Aiming to Re-confirm Dereplication (a Third Checkpoint) 

With a structural hypothesis being proposed for the alkaloid in the Ac 13k sample, with 

putative molecular formula C21H23N2O, with base on MS and spectroscopic data 

gathered by experimental and computational chemistry tools. With the list of 

experimental-structural axioms, Figs. 74 and 75, another survey to a set of 

508databases 507, was given (see Sec. 6.1.4 for the list consulted databases), example 

results are shown in Fig. 89 s. In the plant metabolite focused databases no candidate 

was found. Searches in the ReSpect database 587 compound with the characteristic 

fragment with 233 m/z was not found. Other databases were also explored. All the 

candidates found in the LipidMAPS database 588 deviated from the exact mass, the 

minimum deviation found was 0.0lm/z . The putative molecular formula C21H23N2O 

yielded 50 candidates in the Metlin database 589 , but they either had an aromatic ring 

that was not fully substituted, or they had more than four double bonds. In conclusion, 

corozine A is a new chemical entity. 

RAn even better correlation might be expected with chemical shifts from DFf calculations. 
sThe MS related searching parameters were: 325.22742 m/z, 324.22014 Da, characteristic (+)-ESI

MS2 fragment 233.22797 m/z , molecular formula C21H23 N2O, adduct [C21H23N2O + H] + . Also, 
the online in silico fragmentation software CFM-1D competitive fragmentation modeling for metabolite 
identification 518-520 was attempted for several structural candidates, the 368 yielded the closest value (234 
m/ z vs 233 m/ z ). In order to determine what would be the prediction of a C7H8 loss, a norbornenyl group 
attached to one nitrogen was tested, the fragment 234 m/z and the norbornenyl ion were predicted among 
others. Norbornenyl ion is known to be loss as a neutral loss, it had been proposed that it rearranges to the 
aromatic compound toluene under the MS2 conditions. Eventhough the CMF-1D fragment predictor518 

was parametrized mostly with MS and MS/MS of peptides, the obtained results are more reliable for 
peptidic type compounds, than for more complex chemistries 586 -as what was observed for corozine A. 
This could explain the prediction of a 234 m/ z fragment instead of the 233 m/ z . 
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Figure 85: Proposed core structure that are most likely to be present in corozine A: (Z)-4-ethyl-1,2,6,7-tetrahydro-6,9-

(methanoazenometheno )pyrrolo[2, 1-d] [1,5]oxazonine. 
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Figure 89: Results from searching different corozine A parameters in MS databases 



6.2.5.3 Potential Druggable Binding Sites for Functional Groups Present in SC # 

368 

591Under the light of drug-likeness T of this compound490, - 594, it can be said that: 

1. a) lead-likeness : it have been proposed that compounds that fall into the rule of 

three 595 might be good orally active drug leads. The structure of corozine A falls 

into this classification: a) molecular mass in the range of 300 Da (MM= 324Da), 

b) no more than three H-bond donors (zero H-bond donors), c) no more than 

three H-bond acceptors (three weak H-bond acceptors), d) no more than three 

rotatable bonds (SC# 368 has one rotatable ethyl group), e) water-octanol partition 

coefficient logp :s; 3 -which was not determined in this study- however due to 

the observed solubility it might be out of this range. This features makes corozine 

A a viable molecule for optimization of its medicinal chemistry properties as an 

orally active drug-like 595 , however its reactivity might be a limitant for further 

optimization u. As more druggability assesments emerge, other potential targets 

for the corozine A scaffold might emerge491 because it shows other druggable 

features e.g., four cycles, formal charge of zero 596 . 

2. b) The proposed scaffold and substructures were not found in the list of Pan

Assay Interference Compounds (PAINS) proposed by Baell & Holloway 490 v. 

T 'Drug-like' compounds are those with structural features that follow a set of of criteria, which was 
derived from a set of benchmarkings of compounds libraries of chemical entities that successfully passed 
through the development process becoming commercially available drugs 491 . In the context of small 
molecules the term 'druggability' is synonim of 'Drug-like' . But in the context of targets, the connotation 
of 'druggability ' shifts toward: the likelihood of being able to modulate a target with a small-molecule 
drug[ ... which] is crucial in termining wheter a drug discovery project progresses from 'hit' to 'lead' 590 . 

ult should be noticed that follows the Lipinsky's rule of five for orally active drug leads, with a 
potential one exception (logp ). One exception is commonly found in drug leads 491 . 

v A Pan-Assay Interference Compound (PAIN) are promiscuous compounds e.g., that can yield 
a false positive while tested, even in a variety set of bioactivities as a result of aggregation, protein
reactivity, assay signaling interference. A set of substructural features was correlated to compounds that 
appear as frequent hitters, and leading to further medicinal chemistry development, but with a consistent 
dead end independent of the bioactivity tested. The presence of such a groups are a warning about the 
compound, but not necessarily implies that the compound is not truly bioactive. PAINS can appear in 
compound collections-including commercially available collections- from 2.8 % in the target specialized 
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and further experimental bioactivity and chemoinformatics exploration should be 

pursued490 . 

The functional groups proposed have drug-likeness that can be further explored, 

specifically they can be of interest for the Diabetes mellitus related bioassays. This 

because the pyrrolo-oxazonine were classified as a potential similar ligand for the 

enzyme aldose reductase and the intestinal fatty acid binding protein, IFABP. A 

summary of the performed sc-PDB searches are shown in Fig. 90) . This can be 

explored with bioinspired synthetic analogs and the purified fraction of corozine A, 

from the corozo palm extract. 

Future Chemoinformatic Studies 

Other sources to find potential targets and evaluate corozine A as a potential drug hit 

are: iDrug 597 , the bioactive compound likeness approach 598 , structure in molecular 

scaffold analysis 599 , and computational toxicology screening 600 . Reverse docking 

or inverse virtual screening can give information about the pharmacokinetic properties, 

601 602potency, target selectivity, drug resistance 525, , . 

Low throughput screening have yielded new drugs in the pharmaceutical market525 . 

30% of the drugs authorized by the FDA (2008-2012) were NPs derived new molecular 

207 525entities 27, , . Even though the bioactivity tests in this study focused on natural 

products as antibiotic adjuvants, these metabolite rich extracts should be evaluated in 

broader visions on HTS for natural products 109 . 

libraries and up to 80 % in others. Among the PAINS that were found to be commonly reported as 
screening hits are: rhodamines, phenolic Mannich bases, phenolic hydrazones, alkylidene barbiturates, 
fused tetra-hydroquinolines, aralkylpyrroles, benzofurazans, carbonylthiophenes, catechols, quinones; 
potential PAINS are: azo, cyano-pyridones A and B, divinylketone, and certain indoles 490 . 
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Appendix A 

Microbiology 

A.1 Literature Review: Compilation of the Reports of 

Synergistic Effects of NPs and CADs 

The compiled reports of binary mixtures of natural products and commercially available 

drugs, NPs+CADs, that yielded synergistic effects against opportunistic bacteria were 

divided in two types of natural products, plant extracts (Table A. 1) and purified natural 

products (Table A.2). The antibiotics abbreviations can be found at Table A.3. The 

abbreviations tested strains are tabulated, together with other relevant information, in 

Table A.4. A section of fungicide activity is in Table A.5. 

A.1.1 McFarland Standard for bacterial biomass quantification 

The McFarland standard are solutions of BaSO4 at different concentrations, which yield 

absorbances such that they can be quantitatively related to bacterial and yeast biomass 

concentration in a given solution. It was developed by McFarland 1 and it is still used in 

3microbiology 2, 

XVll 



Table A. l : Summary of plants screened for antibiotic modulatory effects of commercially available drugs, that yielded synergistic effects. 

For more details see text. 4,5 

No Plant extracted Potential Plant Extraction Microbial Antimicrobial Comments Citation 
(Plant family) bioactive organ solvent strain agents showing 

compound synergistic 
(Secondary effects 
metabolite 
type) 

1 Acacia mearnsii B p SF (KZN) ERY, CIP antagonism (Olaj uyigbe & 

(Mimosaceae) PA(ATCC ERY,TET, obsvd . Cooposamy, 2014) 
19582) CAM, KAN 
EC(ATCC TET, CIP , KAN 
25922) 
BC(ATCC TET,CAM 
10702 
SM (ATCC TET , CIP 
9986) 
EF(KZN) ERY, AMX, 

CHL 
SA (OKI) ERY,TET, 

AMX , CIP 
ST(ATCC TET, AMX , CIP, 
133 11 ) NAL , KAN 
ML AMX 
PV ERY , TET, 

AMX,CIP, KAN 

KP(ATCC TET antagoni sm (Olajuyigbe & 

1003 1) obsvd . Afolayan , 2012) 
PV(ATCC TET,ERY 
6830) 

SSn (ATCC TET, ERY , 
29930) AMX , CAM 
EC(ATCC TET,CAM, 
25922) MTZ 



Cont. Table A. l : Summary of plants screened for antibiotic modulatory effects of commercially available drugs against nosocomial 

bacteria, that yielded synergistic effects. 6-S 

No Plant extracted Potential Plant Extraction Microbial Antimicrobial Comments Citation 
(Plant family) bioactive organ solvent strain agents showing 

compound synergistic 
(Secondary effects 
metabolite 
type) 

EF(ATCC MTZ, AMX 
292 12) 
EF(KZN) AMX 
BS (KZN) CAM 

2 Achyrocline 23-methyl-6-O- L p SA ERY, GEN (Joray et al. , 2011) 

satureioides desmethylauri-
( Asteraceae) cepyrone 

(Xanthone) 
3 Aframonmum s w SA CRO antagonism (Nj imoh et al. , 20 15) 

sulcatum EC NOR obsvd . other 
(Zing_ iberaceae) strains (SS, SE, 

4 Albizia lebbeck B p SA AMP antagonism (Njimoh et al. , 20 15) 
(Fabaceae) obsvd . other 

strains (SS, EC, 
KP) 

5 Alpinia officinarum galangin R N SA(DMST CEF (Eumkeb et al. , 2010) 
(Zingiberaceae) (Flavonoid) 2065 1) 

6 Bail/one/la B p SE CRO,AMP antagonism (Njimoh et al. , 20 15) 
toxisperma obsvd. other 
( Sapotaceae) strains (EC, KP, 

ST) 



Cont. Table A.I: Summary of plants screened for antibiotic modulatory effects of commercially available drugs against nosocomial 

16bacteria, that yielded synergistic effects 9- . 

No Plant extracted Potential Plant Extraction Microbial Antimicrobial Comments Citation 
(Plant family) bioactive organ solvent strain agents showing 

compound synergistic 
(Secondary effects 
metabolite 
type) 

7 bee venom melittin MRSA OXA,AMK study also (Al-Ani et al., 2015) 
(Apis mellifera, (Peptide) considered 
Apidae) mixture of 

antibiotic, bee 
venom, purified 
melittin and 
purified 
phytochemicals 

8 Beilschmiedia B p MRSA CAM,FEP, interaction (Fankam et al., 201 1) 

cinnamomea NOR,CIP,ERY determined by 
( Lauraceae) percentage 

9 Caesalpinia brazilin , Hw p MRSA AMK , GEN (Zuo, 2015b) 
sappan . brazilein , 
(Fabaceae) sappanone 

(Flavonoids) 
10 Cienfuegosia alkaloids L Alk MRSA,ARSA AMP (Konate et al. , 2012) 

digitata Cav. 
( Malvaceae) 

11 Citrus hystrix essential oil L+P EO PG, SM, SSg CLO evaluation for (Wongsariya,2013) 
(Rutaceae) mouth wash 

12 Combretum mo/le B* p EC, EA KAN (Fankam et al., 2015) 
( Combretaceae) 

13 Cordia L N MRSA,PA GEN based on (Ferreira et al., 2015) 
verbenaceae PA NEO statistical 

14 Croton campestris L p EC(27) GEN based on (Jaryzia et al. , 20 14) 
( Euphorbiaceae) statistical 

analrsis 



Cont. Table A. l : Summary of plants screened for antibiotic modulatory effects of commercially available drugs against nosocomial 

bacteria, that yielded synergistic effects7,lO,l 7-23 . 

No Plant extracted Potential Plant Extraction Microbial Antimicrobial Comments Citation 
(Plant family) bioactive organ solvent strain agents showing 

compound synergistic 
(Secondary effects 
metabolite 
type) 

15 Dichrostachys Fr p MRSA CAM, TET, (Fankam et al. , 2011 ) 
glomerata NOR 
(Fabaceae) 

16 Ecklonia cava "L" NP,P MRSA AMP (Choi et al. , 2010) 
(Lessoniaceae , 
brown algae) 

17 Hibiscus sabdarif.fa Fl A HA CLA,MTZ (Hassan et al. , 20 16) 
(Malvaceae) (calyx 

) 

18 Hypericum tax ifo lin-7-0- s p MRSA CAZ,LVX (An et al. , 2011) 
japonicum alpha- L-
( Hypericaceae) rhamnopyranosi 

19 Hyptis martiusii L p MRSA KAN (Couti nho et al., 2010) 
( Lamiaceae) 

20 Manuka honey MRSA TET , MUP produced by bee (Jenkins & Cooper, 
pollinization of 2012) 
Manuka tree 
flowers 
(Leptospermum 

scoparium) 

21 Myracrodruon B p SA.BS.KP. GEN (Braz et al. , 20 15) 
urundeuva EC 
( Anacardiaceae) L EO SA 358 GEN (Figueredo et al. , 20 14) 

22 Nauclea pobeguinii R M ss CRO,AMP, (Njimoh et al. , 20 15) 
( Rubiaceae) AMX , NOR 

SE AMP 



Cont. Table A. l: Summary of plants screened for antibiotic modulatory effects of commercially available drugs against nosocomial 

24 32bacteria, that yielded synergistic effects 7, - . 

No Plant extracted Potential Plant Extraction Microbial Antimicrobial Comments Citation 
(Plant family) bioactive organ solvent strain agents showing 

compound synergistic 
(Secondary effects 
metabolite 
type) 

ST CRO 
SA CRO,AMP, 

KP AMP,AMX 
EC NOR 

23 Ocimum basiliscum probably L EO PA , SA CIP (Silva et al., 2016) 
L . Lamiaceae linalool 

24 oregan, clove, carvacrol, L,S e, EO ABKP,EC, DOX Synergism in the (Valcourt et al., 2016) 
cinnamon eugenol, B PA bactericidal 

cinnamaldehyde mixtu effects, and time 
(Monoterpenoid re ki ll assay but not 
s) in growth 

interactions 
25 Piper arboreum L N EC27 AMK,GEN based on (Tintino et al., 2014) 

( Piperaceae) statistical 
analysis 

26 Portulaca oleracea linoleic and s p MRSA ERY (Chan et al., 2014) 
L. (Portulacaceae) oleic acids 

(Fatty acids) 

27 Psidium guineense L w MRSA FOX (Gomes et al. , 2012) 
(Swartz) 
(Myrtaceae) 

28 Rheum palmatum emodin R I MRSA AMP, OXA (Lee et al., 2010) 
( Polygonaceae) (Flavonoid) 



Table A.2: Summary of purified natural products screened for antibiotic modulatory effects of commercially available drugs against 

nosocomial bacteria, that yielded synergistic effects. For more details see text9,33-44_ 

No.Antimicrobial active Origin Obtained from Microbial Antimicrobial Comments Citation 
principle (Secondary strain agents showing 
metabolite type) synergistic 

effects 
baicalein. Scutel/aria Sigma-Aldrich MRSA CIP (Chan et al. , 2011) 
Q:lavonoid} baica/nsis Georgi 

2 berberine Berberis spp. Sigma-Aldrich SE ATCC LNZ,FOX, not FICI method {Wojt~czka et al., 2014} 
(Isoquinoline alkaloid) Sigma-Aldrich SE PEN,LCM, (Zhou, 2015b) 

AMX 
3 berberine, Berberis sp., Sigma-Aldrich, MRSA AZM, LVX mecAand (Zuo et al. , 2012b) 

8-acetonyl- Mahonia sp. and chemical SCCmec genes 

dihydroberberine (Berberidaceae), derivatization were detected at 

llsoaninolini:: alkaloidsJ Cnu.li~ c.bi11e.mi~ WQl!::i;ailar Ji::yi::J 
4 Benzylisothiocyanate plants of the order Sigma-Aldrich EF VAN (Al-Ani et al., 2015) 

Brassicales. Mustard ATCC51299 
5 biochanin (Flavonoid) Cicer arietinum Sigma-Aldrich MRSA CIP (Liu etal., 2011) 

Fabaceae chick 
6 chalcones wide spread in synthetized MRSA CIP three chalcones (Holler et al., 2012) 

(Open chain flavonoids) Nature, e.g. were inhibitors of 
Legyminosae, NorA effiux I)Umil 

7 Curcumin Curcuma /onga Isolated from MRSA ATPase (Mun et al., 2014a) 
(Open chain flavonoid) (Zingiberaceae) the rhizome, inhibitors, 

polar extract detergents, and 
other 

com12ounds 
MRSA OXY,AMP, (Mun et al. 2013b) 

CIP,NOR 
8 diosmetin (Flavonoid) Ubiquitous flavonoid, Sigma-Aldrich MRSA ERY inhibits ABC- (Chan et al. , 2013) 

e.g. Citrus /imon pump and 
(Rutaceae2 Lemon 12~ruvate kinase 

9 embelin (Benzoquinone) Embe/ia schimperi Sigma-Aldrich MRSA, SA OXA (Rondevaldova et al., 
Vatke (Primu/aceae) 2015a) 

10 epigallo-catechin gallate Camelia sinensis Sigma-Aldrich MDRSA OXY (Noyy et al., 2013) 
(Flavonoid-Polyphenol) Sigma-Aldrich MRSA OXA, TET (Navratilova, 2016) 

Sigma-Aldrich ESBL-KP CIP (Dey et al., 2016) 



Cont. Table A.2: Summary of purified natural products screened for antibiotic modulatory effects of commercially available drugs 

11 36 41 .43 45 50against nosocomial bacteria, that yielded synergistic effects 8, , , , - . 

No.Antimicrobial active Origin Obtained from Microbial Antimicrobial Comments Citation 
principle (Secondary strain agents showing 
metabolite type) synergistic 

effects 
11 galangin Alpinia officinarum purified from PRSA CAZ Metabolic (Eumkeb et al., 2010) 

(Zingiberaceae) plant. reversion of 
baicalein Sigma-Aldrich resistant 
quercitin phenotype 

(Flavonoids) 
12 gallic-acid-grafted- from Crustaceaen synthetized MRSA AMP,PEN (Lee et al., 2013) 

chitosan exoeskeleton chitin 
13 C-6-Geranylated Paulownia synthetized MRSA O:XA (Navratilova, 2016) 

flavonoids tomentosa 
(Pawloniaceae) 
fruits 

14 isojacareubin (Xanthone) Hyper/cum Isolated from MRSA CAZ,LVX (Zuo et al., 2012b) 
japonicum aerial parts 

15 luteolin (Flavonoid) Ubiquitous phenolic Sigma-Aldrich MRSA ATPase inhibitor (Joung et al., 2016) 
com ound 

16 lysergol (Alkaloid) Ipomoea muricata isolated from EC,NAREC, TET (Maurya et al., 2013) 
(Convulvulaceae) the plant's MDREC 

seeds 
17 magnolol, honokiol. Magnolia officinalis isolated from MRSA AMK,ETM, (Zuo et al., 2015a) 

(Diallylbiphenols) (Magnoliaceae) the plant's root GEN, FOS 

18 5-O-methylglovanon Glycosmis spp Isolated from ARSA, ARSE AMP no antagonistic (Zhou et al. , 2011) 
(Isoprenylated flavonoid) (Rutaceae) plant and also effects were 

synthesized observed with 

19 platensimycin, Streptomyces isolated from MRSA antibiotic hit pump inhibitor, (Allahverdiyev et al. , 
platencin (Terpenoid) platensis. (bacteria) culture project under drug 2013) 

development by 
Merck 

20 plumbagin Plumbago spp Sigma-Aldrich MRSA OXA (Rondevaldova et al., 
(NaEhtoguinone) (Plumbag_inaceae) 2015b) 

21 protosappanin A Caesalpinia sappan purified from MRSA AMK,GEN Metabolic (Zuo, 2015b) 



Cont. Table A.2: Summary of purified natural products screened for antibiotic modulatory effects of commercially available drugs 

51 51 62against nosocomial bacteria, that yielded synergistic effects 11 , , - . 

No.Antimicrobial active Origin Obtained from Microbial Antimicrobial Comments Citation 
principle (Secondary strain agents showing 
metabolite type) synergistic 

effects 
protosappanin B (Fabaceae) the heartwood reversion of 
(Polyphenolic lac tones) resistant 

24 quercitin (Flavonoid) Ubiquitous flavonoid Sigma-Aldrich SA, MR.SA FUS, MNO, (Kyaw et al. , 20 12) 
RIF 

23 quercetin, morin, rutin Ubiquitous phenolic Sigma-Aldrich MRSA, SA AMX,AMP, (Amin et al. , 20 15) 
(Flavonoids) compounds ATCC 43400 CPD,CRO, 

IPM,MTH 
22 quercetin, luteolin, Ubiquitous phenolic Sigma-Aldrich CP Ca2+ (Salin et al., 20 11 ) 

rhamnetin, octyl gallate compounds modulators 
(Flavonoids and other (isradipine, 
polyphenols) verapamil , 

tha si ar in) 
25 salvianolic acid (Trimer Salvia miltiorrhiza Shanghai MRSA AMP,AMK (Liu et al. , 20 15) 

of a polyphenyl Bunge (Lamiaceae) Green valley 
propanoic acids) Pharmaceutical 

Co. , Ltd, 
Shan hai, Chin 

26 sanguinarine Sanguinaria Sigma-Aldrich MRSA CIP, NOR, (Obiang-Obounou et al. , 
(Benzophenanthridine canadensis OXA 2011 ) 
alkaloid} (!ae_averaceae), root 

27 Silibinin Silybum marianum Sigma-Aldrich MRSA OXA, AMP (Kang et al. , 2001) 
{Flavonoli~an) (Asteraceae), seeds 

28 sodium new Houttuynia cordata isolated from MRSA OXA, CF, (Lu et al. , 2013) 
houttuyfonate (Sulfonic (Saururaceae) plant MEM, NTM 
acid, surfactant) 

29 sophoraflavanone B Desmodium Sigma-Aldrich MRSA AMP, OXA, (Mun et al. , 2013a) 
(Flavonoid) caudatum GEN, CIP, 

(Fabaceae) NOR 



Table A.3: List of antibiotics that yielded synergistic effects with NP against nosocomial 

7 9 32bacteria strains, and their abbreviations. It includes the tested botanical extracts 4- , -

9 11 33 36and purified main components 8, , , - ,36-5 l ,Sl-62 . Antibiotic abbreviations are sorted 

alphabetically out, it is also included their classification according to chemical structure. 

WHO-Essential = the antibiotic is in the drug essential list by the World Health 

Organization. 63 Surveillance-R = the antibiotic is under surveillance for emergence 

of resistant strains by the British Society for Antimicrobial Therapy 64 . 

No. Antibiotic Abbreviation Structural Family WHO-essential Surveillance-R 

1 Amikacin AMK Aminoglycosides * 
2 Ampicillin AMP beta-Lactams * * 
3 Amoxicillin AMX beta-Lactams * * 
4 Azithromycin AZM Macrolide & aminoglycoside * * 
5 Chloramphenicol CAM Chloramphenicol * na 
6 Ceftazidime CAZ beta-Lactams-ceph na * 
7 Cephalotin CF beta-Lactams-ceph * na 
8 Ciprofloxacin CIP Quinolones * * 
9 Chlorhexidine CLO Cationic antiseptic na na 
10 Chlarithromycin CLR Macrolide * * 
11 Cephadrine CPD beta-Lactams-ceph na na 
12 Ceftriaxone CRO beta-Lactams-ceph * na 
13 Cefotaxime CTX beta-Lactams-ceph * * 
14 Doxycycline DOX Tetracyclines * na 
15 Diosmetin DSM Flavonoid na na 
16 Erythromycin ERY Macrolide & aminoglycoside na * 
17 Etilmicin ETM Aminoglycosides na * 
18 Cefazolin FAZ beta-Lactams-ceph * na 
19 Cefepime FEP beta-Lactams-ceph * na 
20 Fluconazole FLU Azole na* 
21 Fosfomycin FOS Phospho-oxirane na na 
22 Cefoxitin FOX beta-Lactams na * 
23 Fusidic acid FUS Steroid na * 
24 Gentamycin GEN Aminoglycosides * * 
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Cont. Table A.3 : List of antibiotics that yielded synergistic effects with NPs, and their 

abbreviations. 

No. Antibiotic Abbreviation Structural Family WHO-essential Surveillance-R 

Imipenem 1PM beta-Lactams na * 
26 Kanamycin KAN Aminoglycosides na na 
27 Lincomycin LCM Lincosamide na na 
28 Linezolid LNZ beta-Lactams-ceph na * 
29 Levofloxacin LVX Quinolones na * 

Meropenem MEM beta-Lactams * * 
31 Miconazole MIC Azole na na 
32 Minocycline MNO Tetracyclines na na 
33 Methicillin MTH beta-Lactams na na 
34 Metronidazole MTZ Azole na na 

Muropicin MUP Monoxycarbolic acids na * 
36 Nalidixic acid NAL Quinolones na na 
37 Neomycin NEO Aminoglycosides na na 
38 Norfloxacin NOR Quinolones na * 
39 Netilmicin NTM Aminoglycosides na na 

Oxacillin OXA beta-Lactams na na 
41 Oxytetracycline OXY Tetracyclines na na 
42 Penicillin PEN beta-Lactams * * 
43 Rifampicin RIF Polyketide na * 
44 Streptomycin STR Aminoglycosides na na 

Tetracyline TET Tetracyclines na * 
46 Tobramycin TOB Aminoglycosides na na 
47 Vancomycin VAN Aminoglycosides * * 
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Table A.4: List of nosocomial bacteria strains that were susceptible to mixtures of CADs and NPs in a synergistic manner, and their 

9 11 11 36•36 51 •51 62•64abbreviations4-9, - , - - - . Firstly, strains with no reported resistance are listed; secondly, are listed the resistant strains 

which are grouped by their scientific name. It is also indicated if the bacteria were Gram positive or negative, and the threat level that 

they would represent in case resistance is detected (according to CDC 65•66), na = non applicable, not in CDC list of priority strains. 

No. Strain Abbreviation Gram Resistant strains threat level No. Strain Abbreviation Gram Resistant strains threat level 
1 Acinetobacter baumanii AB serious 17 Shigella sonnei SSn serious 

2 Bacillus cereus BC + na 18 Staphylococcus aureus SA + serious 

3 Bacillus subtilis BS + na 19 Stae_hylococcus epidermidis SE + na 
4 Chlamydia pneumoniae CP na --,20 Staphylococcus saprophyticus ss + na 

5 Enterobacter aereogenes EA urgent 21 Staphylococcus spp Sspp + na 

6 Enterobacter faeca/is EF urgent 22 Streptococcus mutans SM + na 
7 Escherichia coli EC urgent 23 Streptococcus sanguini SSg + na 

8 Helicobacter pylori HA na 

9 Klebsiella e_neumoniae KP urgent 24 Methicil lin Resistant 5. aureus MRSA + serious-
10 Micrococcus luteus ML 25 Multi-Drug Resistant 5. aureus M DRSA + serious 
11 Porphyromonas gingivalis PG na 26 Penicillin Resistant 5. aureus PRSA + serious 

12 Proteus vulgaris PV nna 27 Ampici llin Resistant 5. aureus ARSA + serious 

13 Pseudomonas aeurog_inosa PA serious 28 Ampici llin Resistant S.epidermidis ARSE + na 
14 Salmonella typhi ST serious 

15 Serratio marscences SM na 29 Na lidixic acid Resistant E. coli NAREC urgent 

16 Shig_ella f/exneri SF serious 



Table A.5: Summary of plants screened for antimicrobial modulatory effects of commercially available drugs, that yielded 
70synergistic effects against fungi 67- . Strains: AFl=Aspergillus fiavus , AFm=Aspergillus fumigatus, AN=Aspergillus niger CA=Candida albicans, 

CG=Candida glabrata, CKr=Candida krusei, CKf=Candida kefyr, CP=Candida parapsilosis, CT=Candida t, MC=Microsporus canis, PN=Penicillumfuniculosum, 

PO=Penicillium ochrochloron Antimicrobials: BIF=bifonazole, FLU=fluconazole, KET=ketoconazole, MIC=miconazole. 

Plant extracted Antimicrobial active Parts Fraction Microbial strain Antimicrobial Comments Citation 
principle polarity agents showing 

synergistic 
effects 

Extracts assayed against fungi 
Andrographis paniculata w N,P AN, CA, CT, MC (Sule et al., 2012) 

Quercus ilex phenolic compounds: L AFm, AN, PF, PO BIF (Karioti et al., 2011) 

procyanidin B3 , 

prodelphinidin C 
Quercus ilex phenolic compounds: L Afl,PF,PO KET (Karioti et al., 2011) 

procyanidin B3 , 

prodelphinidin C 

Purified natural products assayed against fungi 
berberine Sigma- CA, CG, CKJ, MIC, FLU (Wei et al., 2011) 

Aldrich CKr, CP, CT 

Luehea paniculata Rosmarinic acid, vitexin CT FLU abstract (Calixto-Junior et al., 

flavonoid 2015) 
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Figure 91 : EMcFarland's solutions as standard for UFC concentration. Top: Absorbance 

as function of McFarland's BaSO4 solutions, Absorbance=0.11(McFarland)+0.02, R2 

0.9997. Bottom: UFC/mL as funciton of OD6oo, based on McFarland's standards. 

https://Absorbance=0.11(McFarland)+0.02
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A.1.2 Gomptertz Sample Analysis for Bacterial Biomass 

Quantification by Optical Density Determinations at 600 nm 

data = { { 0 , 0. 004} , { 1 , 0. 016} , {2, 0 .1425} , 

{3, 0.357}, {4, 0.582} , {5 , 0.6025} , {6 , 0.6295}}; 

gomptertz = Non l i nea rModelFi t [data, A* Ex p [ - Exp [ m * 2. 718 * {l - t} / A + 1] ] , 

{A, m, l}, t, ConfidenceLevel ➔ 0.99] 

Fi tted Mod e l [ 0.649986 e-•'·· " •<••h-, 

Normal[gomptertz] 

. -e.1+.1.09a4 ( 1. s0s74 - t )
0 649986 

e 

Normal[gomptertz] 

0 . 64 9986 e -e.1• .1.0984 (1. s0s74 - t ) 

Show[ListPlot[data], Plot[gomptertz[t], {t , 0, 6}], Frame ➔ True] 

gomptertz["FitResiduals"] 

( 0.411424, - 0 .08 5 3836 , - 0 . 399857, - 0. 245 3 1 5 , 0 .572939, 0 . 09 1026, - 0 . 22999 7) 

Printed by Wolfram Mathematica Student Edition 
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A.2 Other Results From Microbiological Bioassays 

A.2.1 FICI Determination of GEN-Natural Products Binary 

Mixture 

A.2.2 FICI Determinations by the Antimicrobial Gradient 

Concentration. 

A.2.3 Disk Diffusion Test 

In a Muller-Hinton agar plate seeded with 100 µLof the tested strain, a filter paper disk 

(Whatman No. 1) was overlayed, then 10 µLof the extract's solution at 200 mg/mL or 

less were slowly added. The microbial growth was checked after 24 hrs (for bacterial 

strains) and after 48 hrs for yeasts. The inhibitory halum was measured with a plastic 

ruler. 

Normal growth, solvent effect, and fungistatic fluconazole controls were included. 
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MIC-FICI Vanc,omycin - Controls 

Filt,er paper treated with
Filter paper 

EtOIH-95%, 

I 
MilC VAN 1.00 mg/ml MIC Ac11 K > 244.0 mg/ml 

,k7 

Figure 92: Other controls 'At a glance' screening of vancomycin's antimicrobial adjuvant activity of Acl lK against MRSA-USA-300. 

A gradient of the potential antibiotic adjuvant (Acl lK fraction from the corozo palm's extract) was deposited in filter paper, which show 

no activity per se. Vancomycin was homogenously mixed in the agar, at half (0.5 µg/mL) of the observed MIC (1.00 µg/mL). The agents 

interaction ellipse ends in 94.4 mg/mL (calculated by linear regression). See Fig. 43 



MIC-FICI Gentamicin - Extract 

MIC GEN MIC Ac11K MIC 90 µg/mL GEN MIC 75 µg/mL GEN 
1.75 µg/mL > 244.0 mg/mL MAC Ac11K NA MAC Ac11K NA 

6% attributed 14% attributed 
to Ac11 k presence to Ac11 k ~resence 
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Figure 93: Other controls 'At a glance' screening of gentamicin's antimicrobial adjuvant activity of Acl lK against MRSA-USA-300. 

A gradient of the potential antibiotic adjuvant (Acl lK fraction from the corozo palm's extract) was deposited in filter paper, which show 

no activity per se. gentamicin was in the Ez-strip (Biomerieux), the observed MICcEN (1.75 µglmL). Notice that the effect of the filter 

paper accounts for more than the 50% of the MICcEN reduction. 



MIC-FICI Gentamicin - Controls 
Filter paper treated with 

MIC GEN 1.75 µ.g/ml Filter paper EtOH-95%---

MIC GEN 1.0 µg/ml MIC GEN 1.0 µg/ml filter 
MIC Ac11 K > 244.0 mg/ml filter paJ!er paper treated with EtOH-95% 

Figure 94: Other controls 'At a glance' screening of gentamicin's antimicrobial adjuvant activity of Acl lK against MRSA-USA-300. 

A gradient of the potential antibiotic adjuvant (Acl lK fraction from the corozo palm's extract) was deposited in filter paper, which show 

no activity per se. gentamicin was in the Ez-strip (Biomerieux), the observed MICcEN (1.75 µg/mL). Notice that the effect of the filter 

paper accounts for more than the 50% of the MICcEN reduction. 



Effect of the saponin fraction over the growth of C. albicans 
(clinical isolate) by the disk diffusion method 

[:] 
Fluconazole 2 mg/ml Saponin fraction Filter paper 
Fungistatic control Only only 
(duplicate) 100 mg/ml 

(duplicate) 
107 UFC seeding solution 106 UFC seeding solution 
24 hrs reading 24 hrs reading 

C. albicans, Jul 1, 2015, Saponiil fractioil, 100 mg/ml, Sabouroud agar 
b) 

Minimal moderated micostatic effect concentration: 
100 pg saponin fraction/ml soln 
0.03 raw extract/ml solution, ~ 10 g Da leaves/ml soln. 
_________________lb the mlcrodilution method) 

• Apazote extract inhibits C. albicans growth at 28% raw extract in sabouroud agar. 

• Estimated agar concentration of the saponin fraction was 1o fold more 
concentrated. 

• About 40% of the growth inhibition might be related to the moderated fungistatic 
activity of the saponin fraction. 

• It seems to accelerate the physiological development of selected FCU, especially at 
10% concentration. 

Figure 95: Moderated fungistatic effect of the saponin fraction over the growth of the 

opportunistic yeast Candida albicans (clinical isolate) by the disk diffusion method. a) 

Effect of the saponin fraction over the growth of CA-ci by the disk diffusion method. 

Fluconazole added to a concentration of 100 µgl mL. b) Summary of the fungistatic 

activity of the SALAEL-Da extracts and the saponin fraction. 



Appendix B 

Plant Extracts Analysis by HR-MS 

B.1 HR-MS Analysis of Alkaloidal Fraction of the 

Ethanolic Extract Bourreria huanita 

It is proposed that in the alkaloidal fraction the compound with m/z 419 is an alkaloid 

and belongs to a set ofrelated compounds (Figs . 96,97,98,and 99). 
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Figure 96: HR-MS (FT-ICR) analysis of alkaloidal fraction Bh3-126a. a) FT-ICR 

full scan of sample Bh3-126a-ACN. Sample was stored in polyethylene container. b) 

Molecular formula search for analyte with about 419 m/z. 
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Figure 97: R-MS (FT-ICR) analysis of alkaloidal fraction Bh3-126a m/z 419. a) 

Molecular formula search for analyte with about 419 m/z b) Putative formula for analyte 

with about 419 m/z . 



a) 

Potential structure (metabolic) related compounds in Bh3-126 A-ACN sample 

24% 

BH3_126A_ACN 

b) 

Potentially structure (metabolic) related 
compounds 

A 
"419.32009" 

100% 

BH3_126A_ACN 24% 

Figure 98: Potentially structure (metabolic) related compounds present in sample Bh3-

126A-ACN. a) Mass ladder observed in sample Bh3-126a-ACN. b) A schematic 

diagram of potentially metabolic related compounds present in Bh3-126A-ACN 

sample. 



a) 

Bh3-126 A-ACN. MS/MS 419.32009 m/z (obtained from Bh3-118B) 
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iMS/MS,o 
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l • 
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Bh3-126 A-ACN . 

Figure 99: HR-MS (Ff-ICR) analysis of alkaloidal fraction Bh3-126a.. a) 419 

MS/MS+ spectra of sample Bh3-126a-ACN. b) 419 MS/MS+ spectra of sample Bh3-

126a-ACN. 



B.2 MS Analysis of Extract Dysphania ambrosioides 

B.2.1 HR-MS Analysis of the Alkaloidal Fraction of D. 

ambrosioides Ethanolic Extract 

It is proposed that in the alkaloidal fraction the compound with m/z 413 is an alkaloid 

and belongs to a set of related compounds, the compound with m/z 859 might not be 

from the natural origin (Figs. 100,101,102,and 103). 
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Figure 100: Ff-ICR analysis of sample Ta9-49C. a) FT-ICR full scan, positive mode 

of sample Ta9-49C. Sample was stored in polyethylene container. b) Molecular formula 

search for m/z about 859. 
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Figure 101: Molecular formula search for m/z 859 present in sample Ta9-49C. 
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a) 

FT-ICR full scan ofTa9-49C, zoom In the region ( 410-490) m/z. Pos. Mode. 
~~~-~+~-----------

413 27021 
l\. =28. 03174 m/z 
l\. ⇒ C2H4 (-0.4 mDa) 

~ 
+l 

469 33390 

b) 

Ta9-49C, m/z 413.2671 assignment 
'""' ''"' Exp. Exact mass: 

1+ 
413.26712 [M+2Na+-H]• ⇒ M = 368.298162 m/z 

Putative molecular formula Ta9-49C-I: 
C22H 42NOS 

Error =+ 0.3 mDa, DBE = 2 
Predicted monoisotope pattern: ... 

ID 4/ 13.26826 4714271 

"' 
1+ "' 7 268 
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.a 
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415.27705 

Figure 102: Inset of Ff-ICR analysis of sample Ta9-49C. a) FT-ICR full scan, positive 

mode of sample Ta9-49C. Sample was stored in polyethylene container. b) Putative 

molecular formula for analyte with about 413 m/z, inset: experimental MS spectrum 

pattern of '413' corresponds to an organic compound. 
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Carboxylic acid in 
C21H39N303SOrder to obtain a 

M+H ion with thi s Error = + 0.5 mDa, DBE = 4 
MF. Because t he 
P.resence of COOH, Predicted monoisotope pattern:

' Would imply the -.
P,resence of sodiated Ill! 

I 

Version m/z 
II 

2 
435.25127 414.273676 

Iii) • 

Which is not observed. 
Therefore if lR analysis 

1+ ..
414.2736-9

Reveals the presen,ce of 
COOH is ei ther a cont aminant 
Or this is not t he MF. 
:It can be a quaternary amine a1iJ101d fl 

1+ 
415 .27705 

O-'-~-~...-....,_,- ~~~~~~~~--~~-...--,- ~~~~~~-....-..-~~~-~.,..._~ _ _. 
•1 H O ~1325 41350 4>3.75 41-4 00 •i-~ •1•ro 4-;4_]5 415,00 415 ~ m't 

Figure 103: Putative formula for analyte with about 413 m/z , inset: predicted MS spectrum pattern of an organic '413'. 



B.2.2 Saponin Fraction of Sterilized Aqueous Extract From D. 

ambrosioides Leaves 

B.2.2.1 Saponin Sample Analysis by LC-MS (by Instrumental Analysis Service, 

The Scripps Research Institute, CA) 

THE Sample ID 

SCR IPP S 
Mass Spectrometry 

RESEARCH Request & Analysis Form 
I NSTITUTE 

10550 N. Torrey Pines Road PI: Phone: 
Mail code: BCC-007 

La Jolla, CA 92037 
(858) 784-9415 

Name: Fax : 

fax : (858) 784-9496 
Email : 

Requested method: 
Mo lecular weight 

Molecular Formu la: 
observed by 

Mass: 

Scan Range: 

exact: 

to 

expected ESI-TOF 
high-ace 

MALDI-
TOF 

ES! GC/ MS 

MH+ 

Compound 
type 

Functional 
groups MNa+ 

Confidence Purit y Toxicity 

[ M-H]-

Solution 
concentration 

mg/ m l Solvent 
[M+CI]-

Other suitab le solvents : H20 MeOH CHCl3 

Exact mass error: mmuOther: 

Comments + special instructions: ppm 

Matrix sinap in ic DHB a-cyano THAP Other: 
acid 

Solvent 

used: 

MeOH CHCh H,O Othe r: 
used: 

Operator: 

lviii 



Qualitative Compound Report 

Data File 7120.d Sample Name 7120 

Sample Type Sample Position Pl -C2 

Instrument Name Agilent 6550 User Name 

Acq Method bill_lc.m Acquired Time 12/26/2014 9:50:25 AM 

IRM Calibration Status DA Method BioConfirmProteinDigest-Default.m 

Comment 

Column3 Column4 

Sample Group Info. 

Acquisition SW 6200 series TOF/6500 series 

Version Q-TOF B.05.01 (B5125.2) 

Matched Sequences 

Fragmentor Voltage 175 Collision Energy 0 Ionization Mode ES! 

x10 8 +ESI TIC Scan F11i1g=175.0V 7120.d 

I 8.253 1 
1.4 

1.2 

1 

0.8 

0.6 2.204 7.124 
0.4 

0.2 

o-1:::::::~~::::::;:........,.----r-----.-----.-----.----,---.----.----,---.---.--..--,.........,__,,.---,-----r-----.-----.----.----l 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Coums vs. Acqulsldon Time (min) 

--- End Of Report ---

··\( Agilent Technologies Page 1 of 1 Printed at: 12:43 PM on: 12/26/2014 
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Qualitative Analysis Report 

Data Filename 7120.d Sample Name 7120 

Sample Type Sample Position Pl-C2 

Instrument Name Agilent 6550 User Name 

Acq Method bill_lc.m Acquired Time 12/26/2014 9:50:25 AM 

IRM Calibration Status DA Method BioConfirmProteinDigest-Default.m 

Comment 

Sample Group Info. 
Acquisition SW 6200 series TOF/6500 series 
Version Q-TOF B.05 .01 (B5125.2) 

User Spectra 

Fragmentor Voltage Collision Energy Ionization Mode 
175 0 ES! 

x1o5 +ESI Seen (1.530-1.581 min. 4 Scans) Freg=175.0V7120.d 

2 

1.5 

0.5 
318.8707 

O It. I , I 448.8259 

200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 
Counts vs. Mass-to-Charge (m/z) 

Peak List 
m/Z z ,rnunu 

1 

214.9138 228993.31 

230.8858 27841.53 

235.9577 21249.48 

238.8812 18949.93 

239.962 1 16502.13 

240.8768 1 11912.69 

255.9391 1 30249.56 

282.9007 1 11602.68 

318.8707 23 118.9 

344.8695 16022.91 

Fragmentor Voltage Collision Energy Ionization Mode 
175 0 ES! 

Agilent Tech no log ies Page 1 of 5 Printed at: 12:47 PM on: 12/26/2014 
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Qualitative Analysis Report 

x1 o5 +ESI Scan (1 . 732-1 .800 min, 5 Scans} Frag=175.0V 7120.d 

2.5 226.9477 

2 

1.5 

1 
446.8812 

0.5 
922.7856 

Peak List 
m1z IADUna 

226.9477 256061.32 

242.9215 191012.44 

258.895 64780.24 

288.9171 31269.27 

362.9207 35591.54 

378.8945 45556.1 

430.9073 51022.29 

446.8812 65758.43 

462.855 38205.22 

514.8679 35847.24 

Fragmentor Voltage Collision Energy Ionization Mode 
175 0 ES! 

x10 6 • ESI Seen (2.103-2.305 min, 13 Scans) Frag=175.0V 7120.d 

3 257.1434 

2.5 

2 

1.5 

i 
491 .2994 

0.5 
, I 352.2388 I 557.2749 725.4528 842.5296o,.......,.._~..,....~.,.._-.,..__ ........_-.--~.,.....-.....---.----.----.----,---.----,---.---.--....,..... 

200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 
Counts vs. Mass-to-Charge (mlZ} 

Peak List ...,~ z lftUUUU 

206.0421 1 103449.36 

235.1617 1 1733276.23 

236.1645 1 175383.96 

257.1434 2842617.76 

258.1463 1 280730.61 

261.1766 1 77989.35 

273.1167 1 139676.22 

283.1588 1 251539.26 

491.2994 1 513429.73 

492.3016 1 107953.28 

Fragmentor Voltage Collision Energy Ionization Mode 

··\( AoilentTechnologies Page 2 of 5 Printed at: 12:47 PM on: 12/26/2014 

https://Frag=175.0V
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Qualitative Analysis Report 
175 ES! 

x10 5 +ESI Scan (2.608-2.659 min, 4 Scans) Frag=175.0V 7120.d 

5 

4 

3 

2 416.8677 

1 

Peak List 
m/Z z ADuna 

208.151 1 563864.65 

209.1539 1 53935.98 

229.1506 1 51083.66 

241.1505 1 72682.69 

246.1658 1 65290.12 

262.1254 1 41900.05 

262.1605 1 91841.67 

348.852 56256.99 

416.8677 184258.64 

430.8557 45884.24 

Fragmentor Voltage Collision Energy Ionization Mode 
175 0 ES! 

x1o5 +ESI Scan (2.895-2.979 min, 6 Scans) Frag=175.0V7120.d 

268.1000
4 

3 

2 

1 
I j 406.2009 

O-L....e._.._.1, j 1--,---,----,---,----,,-----,---,----,,-----,---,--,------,--'l ,...._......,....L.....'--,--,... 
200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 

Count& vs. Ma&&-to-Charge (rn/z) 

Peak List 
, __ ,,_ 

L...,-
206.1348 1 43518.01 

227.0986 1 59986.24 

241.1503 30447.89 

244.1503 1 276985.18 

245.1542 1 46692.31 

262.1255 1 124387.04 

268.1 1 405387.41 

269.1024 1 44951.75 

282.1149 1 42758.38 

406.2009 1 33209.51 

··\( Agilent Technologies Page 3 of 5 Printed at: 12:47 PM on: 12/26/2014 
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Qualitative Analysis Report 

Fragmentor Voltage Collision Energy Ionization Mode 
175 0 ES! 

x10 e +ESI Scan (6.214-6.315 min, 7 Scans} Frag=175.0V 7120.d 

1.2 227.1221 

1 

0.8 

0.6 

0.4 
344.2231 

0.2 
' 111 453.2380 657.3234I.0_._,.........,............,....._.1""""".._. .l .....,..........,,........_...,__~---,---~-~~~-~---,---, 

200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 
Counts vs. Mass-to-Charge (m/z} 

Peak List 
m1z z IADUna 

225.1065 1 775298.86 

226.1092 1 79684.9 

227.1221 1 1222480.83 

228.125 1 124699.2 

285.1628 1 114766.6 

326.1805 2 111428.83 

327.1892 1 75674 

344.2231 1 209466.95 

349.1785 1 150520.5 

369.1467 1 81887.46 

Fragmentor Voltage Collision Energy Ionization Mode 
175 0 ES! 

x10 5 +ESIScan (7.090-7.174 min, 6 Scans} Frag=175.0V 7120.d 

8 409.1787 
7 

6 
5 
4 
3 295.1248 

2 
1 543.2339 795.3673 
0-L-1-L:llJ~............,..............,.....,_.......,."""'J...Y'--"'"-,--"-;-----,---,--.,..--.,...---'~--,----,---,----,---' 

200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 
Counts vs. Mass-to-Charge (m/z} 

Peak List ...,~ z lftUUUU 

207.1347 1 424538.65 

223.0905 1 144222.75 

241.1376 1 133862.16 

295.1248 1 280835.07 

409.1787 1 749914.51 

410.1817 1 148004.2 

411.1928 1 181234.28 

413.2098 1 581128.16 

457.2353 1 185373.23 

476.3008 1 248286.2 

··\( AoilentTechnologies Page 4 of 5 Printed at: 12:47 PM on: 12/26/2014 
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Qualitative Analysis Report 

Fragmentor Voltage Collision Energy Ionization Mode 
175 0 ES! 

x1oe +ESI Scan (8.202-8.354 min, 10 Scana) Frag=175.0V 7120.d 

5 579.1650 

4 

287.05143 

433.10812 

237.1812 I 518.0966, l 725.2194 889.1652o-~ ~....-~ ~---~~~---~~~---------------~ 
200 250 300 350 400 450 500 550 800 650 700 750 800 850 900 950 

Counts vs. Mass-to-Charge (m/z) 

Peak List 
m/Z z ADuna 

287.0514 1 2908879.14 

288.0547 1 434226.02 

433.1081 1 1909317.21 

434.1114 1 406862.91 

457.2357 1 842907.94 

565.1494 1 233836.15 

579.165 1 4840469.96 

580.1682 1 1366575.39 

581.1704 1 306671.92 

601.1464 1 456908.18 

--- End Of Report ---
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B.2.2.2 Fractionating Saponin Sample Conditions by LC-UV (at Instrumental 

Analysis Lab, Del Valle of Guatemala University) 

In collaboration with Lie. Ana Luisa Mendizabal de Montenegro, UVG. 
Data File C: \HPCHEM\2\DATA\SAPONINA\15012000 . D Sample Name : Mu 1 

Muestra corrida para colectar 

Injection Date 1/20/2015 9 : 07 : 46 AM Seq . Line 1 
Sample Name Mu 1 Location Vial 1 
Acq . Operator AdeM Inj 1 
Acq . Instrument Instrument 2 Inj Volume 100 µl 
Acq . Method C: \HPCHEM\2\METHODS\QPV . M 
Last changed 1/20/2015 9 : 04 : 33 AM by AdeM 
Analysis Method C: \HPCHEM\2\METHODS\QPV . M 
Last changed 1/20/2015 1 : 33 : 19 PM by AdeM 

(modified after loading) 
Metodo para determinacion qpv , columna C- 18 ODS HYPERSIL 200x2 . lmm , Sum, fase movil 95% agua 5% 
acetonitrilo 20 min , con gradiente 100% acetonitrilo 20 min ., temperatura ambiente para la 
columna , 0 . 5 ml/minuto , volumen de inyeccion 20ul . Longitud de onda 220 

VWD1 A, Wavelength-220 nm (SAPONINA\15012000.D) 
L<I>mAU ...... 

3500 

3000 

2500 

2000 

1500 

1000 

500 

0 

0, 

~ 
"' 

0 
0 
a) 

,-..: 

" 

:g 
"'! 
"' <D 

0 10 20 30 40 50 60 70 mi 

External Standard Report 

Sorted By 
Multiplier 
Dilution 
Use Multiplier & 

Signal 
1 . 0000 
1 . 0000 

Dilution Factor with ISTDs 

Signal 1 : VWDl A, Wavelength=220 nm 

Area Percent Report 

Sorted By 
Multiplier 
Dilution 
Use Multiplier & 

Signal 
1 . 0000 
1 . 0000 

Dilution Factor with ISTDs 

Signal 1 : VWDl A, Wavelength=220 nm 

Peak RetTime Type Width Area Height Area 
# [min] [min] mAU *s [mAU ] % 

---- 1------- 1---- 1------- 1---------- 1---------- 1-------- 1 
1 0 . 577 PV 0 . 0808 2870 . 66016 528 . 86255 0 . 9550 
2 1 . 245 W 0 . 3629 l . 06823e5 3608 . 41553 35 . 5363 
3 1 . 576 w 0 . 1503 3 . 87734e4 3482 . 44092 12 . 8985 
4 3 . 519 VB 1.0228 l.29464e4 163 . 253 :l'JtV 4 . 3068 
5 17 . 928 W 0 . 8764 4771 . 01025 69 . 14377 1 . 5871 

Instrument 2 1/20/2015 1 : 34 : 13 PM AdeM Page 1 of 2 



---------------------------------------------------------------------

Data File C : \HPCHEM\2\DATA\SAPONINA\15012000 . D Sample Name : Mu 1 

Peak RetTime Type Width Area Height Area 
# [min] [min] mAU *s [mAU l % 

---- 1------- 1---- 1------- 1---------- 1---------- 1-------- 1 
6 19 . 757 w 0 . 6786 6297 . 36475 117 . 60504 2 . 0949 
7 20 . 363 w 0 . 4059 4058 . 90039 132 . 85609 1 . 3503 
8 21 . 063 w 0 . 3651 2447 . 99341 86 . 13567 0 . 8144 
9 21 . 806 w 0 . 2629 8021 . 79443 405 . 41879 2 . 6686 

10 22 . 241 w 0 . 1 716 1218 . 08215 98 . 69937 0 . 4052 
11 22 . 736 w 0 . 4029 4092 . 94873 136 . 26213 1 . 3616 
12 23 . 282 w 0 . 4746 5978 . 69727 160 . 24583 1 . 9889 
13 23 . 821 w 0 . 1928 1779 . 33948 127 . 96268 0 . 5919 
14 24 . 132 w 0 . 6976 7006 . 34277 135 . 88919 2 . 3308 
15 27 . 169 w 0 . 4478 2795 . 35913 80 . 12350 0 . 9299 
16 28 . 949 w 0 . 7852 5973 . 90918 93 . 80305 1 . 9873 
17 29 . 560 w 0 . 6141 6040 . 42871 124 . 49978 2 . 0094 
18 30 . 858 w 0 . 5623 2930 . 69702 66 . 49006 0 . 9749 
19 31 . 826 w 0 . 6239 3144 . 70361 67 . 82195 1 . 0461 
20 32 . 243 w 0 . 3025 1432 . 53625 64 . 22246 0 . 4766 
21 33 . 253 w 0 . 6676 4125 . 90332 84 . 65444 1 . 3725 
22 33 . 963 w 0 . 3673 3101 . 08838 107 . 91186 1 . 0316 
23 34 . 113 w 0 . 3558 3029 . 93945 113 . 25196 1 . 0080 
24 35 . 392 w 0 . 4414 2835 . 32959 86 . 65589 0 . 9432 
25 35 . 657 w 0 . 2325 1253 . 92981 76 . 29663 0 . 41 71 
26 36 . 011 w 0 . 3665 1827 . 75891 66 . 65470 0 . 6080 
27 37 . 000 w 0 . 5666 2604 . 65820 58 . 76419 0 . 8665 
28 37 . 606 w 0 . 4742 2636 . 07080 72 . 41479 0 . 8769 
29 38 . 116 w 0 . 3404 1282 . 65112 51 . 18588 0 . 4267 
30 38 . 725 w 0 . 5702 1780 . 80237 45 . 07055 0 . 5924 
31 39 . 498 w 0 . 7013 2688 . 26929 48 . 33405 0 . 8943 
32 40 . 797 w 0 . 4949 1621 . 86633 41 . 93660 0 . 5395 
33 41 . 111 w 0 . 3834 1314 . 87476 46 . 34796 0 . 4374 
34 41 . 953 w 0 . 5470 1907 . 69702 45 . 53854 0 . 6346 
35 43 . 485 w 0 . 6968 2 . 24310e4 477 . 33145 7 . 4620 
36 44 . 828 w 0 . 4051 1360 . 94788 45 . 02105 0 . 4527 
37 47 . 800 w 0 . 7726 3069 . 09570 49 . 92048 1 . 0210 
38 50 . 396 w 0 . 5894 2934 . 33276 65 . 53445 0 . 9761 
39 51 . 205 w 0 . 3750 1233 . 31238 44 . 21119 0 . 4103 
40 51 . 685 w 0 . 4866 1747 . 21704 46 . 94359 0 . 5812 
41 53 . 453 w 0 . 6732 1958 . 32581 40 . 40735 0 . 6515 
42 55 . 115 w 0 . 9030 3144 . 12109 43 . 42392 1 . 0459 
43 63 . 985 w 0 . 3294 1310 . 48608 54 . 63163 0 . 4360 

Totals : 3 . 00604e5 l . 15626e4 

Results obtained with enhanced integrator ! 

*** End of Report *** 

Instrument 2 1/20/2015 1 : 34 : 13 PM AdeM Page 2 of 2 
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B.2.2.3 Fractionated Saponin Sample Analysis by LC-MS (at Instrumental 

Analysis Lab, Del Valle of Guatemala University) 

In collaboration with Lie . Ana Luisa Mendizabal de Montenegro, UVG. 
Data Fi l e C:\HPCHEM\2\DATA\SAPONINA\1502100 1 . D Sampl e Name : TAV39D 

TAV39D 

Injection Date 2/10/20 15 2 : 02 : 22 PM Seq . Li ne 
Sample Name TAV39D Locat i on Vial 1 
Acq . Operator AdeM Inj 1 
Acq . I nstrument Instrument 2 Inj Volume 30 µ l 
Acq . Method C: \HPCHEM\2\METHODS\CATEQUI2 . M 
Last changed 2/10/20 15 2 : 00 : 49 PM by AdeM 
Ana l ysis Method C: \HPCHEM\2\METHODS\CATEQUI2 . M 
Last changed 2/10/20 15 1 : 15 : 07 PM by AdeM 
Metodo para determinacion qpv , co l umna C-1 8 ODS HYPERSIL 200x2 . l rnrn , 5um, fase movi l 100% agua 3 
mi n , con grad i ente 10% aceton i tri l o 12 min . , ternperatura ambiente para l a columna , 0 . 5 ml/minute , 
volumen de inyecc i on 20ul . Long i tud de onda 220 

VWD1 A, Wavelenglh=220 nm (SAPONINA\15021001 .D) 

mAU ~ 

500 

400 

300 

200 

100 

0 \ 

0 2 4 6 8 10 12 14 16 18 mi 

Externa l Standard Report 

Sorted By Signal 
Multipl i er 1 . 0000 
Dilution 1 . 0000 
Use Multipl i er & Dilution Factor with ISTDs 

Si gna l 1 : VWDl A, Wavelength=220 nm 

Area Percent Report 

Sorted By Signal 
Multipl i er 1 . 0000 
Di lut i on 1 . 0000 
Use Multipl i er & Di l ution Factor with ISTDs 

Si gna l 1 : VWDl A, Wavelength=220 nm 

Peak RetT i me Type Width Area He i ght Area 
# [min] [mi n] rnAU *s [rnAU ] % 

- - - - 1- -- - - - - 1- -- - 1- --- -- - 1- --- -- - - - - 1- -- - - - --- - 1- - - --- - - 1 
1 1 . 501 PV 0 . 1456 5790 . 26074 602 . 69672 100 . 0000 

Totals 5790 . 26074 602 . 69672 

Resu l ts obta i ned wi th enhanced integrator ! 

Instrument 22/11/2015 9 : 51:42 AM AdeM Page 1 of 1 
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B.2.2.4 Fractionated Saponin Sample (TaV39D) Analysis by LC-MS (by Chem. 

Dept., Univerita di Calabria, Italy) 

Experiments performed by Domenico Taverna. 

~ UNIVEINIA DfJJ AC41.~PfM 

DIPARTIMENTO DI 
CHIM ICA E TECNOLOGIE 
CHIMICHE 

Mass Spectrometry Research Laboratory, 
Dep. of Chemistry and Chemical Technologies - CTC 

UN/CAL, University of Calabria 
Via P. Bucci, cubo 12/d 

Head of the Department: Prof Giovanni Sindona 

Object: report on MS, LC-MS and LC-UV preliminary anal ises on UVG sample. 

UVG sample was delivered to the lab on March, 9, 2015. The sample was an 
acqueous solution within a eppendorf conic tube (1.5 ml capacity). The volume 
of aqueous solution received was of about 200 µL. The sample was stored at -
20 °C until ful ly frozen and then liofi lized overnight. The amount of raw material 
obtained was of about 0.37 mg. Thus the raw material was reconstituted in 
water (1 ml) for a stock solution at a concentration of 370 ppm. So, a first 
aliquot was diluted to 10 ppm (water) and then directly infused with in a Thermo 
TSQ Vantage mass spectrometer equipped with a HESI source, operating in 
positive polarity. The first experiment was carried out for MS full scan analysis 
with in the mass range 100-1000. Figure 1A and B display MS full scan spectra: 
several peaks were recorded within the selected mass range, in particular 
with in the low mass range. Ions at m/z 157.73, 213.71, 140.73 were recorded 
as the most re lative abundant ions. Further, ions at m/z 235.68 (probably the 
m/z 231 sodium adduct), m/z 297 .82 and 364 .79 were also detected . 

...,~..,,,,,..,_ .,.,,. ., ,,.,..,.. .,, ,,., .. ,,.., 
t ~,[~l<l'lll l"•"'"' ' tl<w.l 

Figure 1A: MS ful l scan , mass range 100-1000, positive ion mode, direct 
infusion , 10 µUmin. 

0 
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Figure 1B: MS full scan , mass range 100-400, positive ion mode, direct 
infusion, 10 µUmin. 

The second experiment was carried out using chromatography. So, LC-MS 
chromatograms were obtained using a Accela 1250 system from Thermo 
Fischer working in analytical mode and equipped with a TSQ Vantage HESI 
mass spectrometer. A Thermo Crn Hypersil GOLD 50 x 2.1 mm (1 .9 µm) 
reversed phase column was used at a flow rate of 300 µUmin. The run time 
was 15 min and the gradient was built using 0.1 % HCOOH in H20 (solvent A) 
and CH30H (solvent B) as eluting phase. LC-MS representative 
chromatograms are reported below (Figure 2 A and B). 

._,.. ,.,_,,,..._,.~_,'""' n -M1, r ~''""~ .. ... " ,u~, 
, , .rn,nv,1i:1;i,,·... 111·•~"' .,_., 

1 

Figure 2A: LC-MS full scan, positive ion mode, 300 µUmin, mass range 80-
1000. 
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Figure 2B: LC-MS full scan, positive ion mode, 300 µUmin , mass range 80-
450. 

Noteworthy the 1 Da mass shift related to two ions in the low mass range (m/z 
158 and 214, respectively) in addition to three new ions that were not detected 
during the first direct flow injection experiment: m/z 301 .26, m/z 393.44 and m/z 
413.34. 
The latter LC-MS experiment was also repeated using acetonitrile instead of 
methanol within the mobile phase. LC-MS full scan spectra are displyed below 
as Figure 3 A and B. 
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Figure 3A: LC-MS full scan, positive ion mode, 300 µUmin , acetonitrile , mass 
range 80-1000. 
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Figure 3B: LC-MS full scan , positive ion mode, 300 µUmin , acetonitrile, mass 
range 80-450. 

Finally, another UVG sample aliquote, properly diluted at 100 ppm 
concentration , was injected within a HPLC Agilent 1200 system equipped with 
a UV detector set to 220 nm. Several experiments were performed in different 
conditions (gradient vs iscralic) using different columns: Phenomenex Gemini 
C5-Phenyl 110 A, 250 x 4.6 mm (5 µm) and Phenomenex C1B Luna, 250 x 4 .6 
mm (5 µm). LC-UV chromatograms are reported below (Figura 4A e B). 
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Figure 4A: LC-UV chromatogram at 220 nm recorded using a C1B RP column 
and a gradient run methanol/water. 
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Figure 4B: LC-UV chromatogram at 220 nm recorded using a Crn RP column 
and a isocratic run (water, 0.1 % FA). 

Experiments carried out using the Crn column highlighted a few peaks at RT 
3.48 min, 4.19 min using the gradient and at RT 3.53 in isocratic conditions, 
respectively. These peaks are probably due to the unknown compound 
investigated , but further experiments are needed. Moreover, in both cases 
chromatographic peaks with negative relative intensity were recorded: the 
meaning of the latter finding has still to be clarified . 

Conclusions 
At date, after a few preliminary experiments, the UVG compound is still 
unknown. The material provided to the laboratory for analysis (0.37 mg) does 
not seem enough to conduct further investigations (e .g. NMR). We believe that 
it is at least needed a HRMS high resolution MS analysis to get more 
information about the unknown UVG compound (e.g. elemental composition , 
number of double bonds eventually present, exact mass). We finally performed 
some MS/MS preliminary experiments of the ions detected in the low mass 
range (data not shown): these are of difficult interpretation. 

Arcavacata di Rende, 
March 20th , 2015 

Sincerly, 
Domenico Taverna, PhD 

Prof. Giovanni Sindona - Head of the CTC Department 
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extraction solvent, 124, 175 

high polarity, 124 
hydrolate, 124 
medium polarity, 124 
nonpolar, 124 
water, 124 

extraction solvent polarity, 124 
extraction yield, 188 
extracts, 175 

raw, 125 
Ez strips, 137 
Ez-MIC method, 145 

FABP2, 265, 268 
fate of antimicrobials, 104 
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positive strains, xviii, xxiii, xxix 
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causal agents, 132 
hospital-acquired infections, 87 
HPLC-MS, 126 
HR-MS, liii, lviii, 174, 195, 206, 212, 216, 

242 
hybrid antimicrobials, 102 
hydrolate, 126 
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Maprounea africana, 246 
mass accuracy, 199, 206 
mass accuracy threshold, 198 
mass spectrometry, 35 
mass trace, 212 
maximal growth rate, 168 
maximum growth, 172 
maximum growth rate, 172 
maximum growth rate, µmax, 104 
maximum rate, 172 
Mayan biosphere, 38 
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118, 139, 142, 155, 158, 172 

lxxxv 



microorganisms, 132 
Microsporus canis, MC, xxix 
minimal inhibitory concentration, xliii, 

110 
microdilution method, 110 

minimal inhibitory concentration (MIC) 
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coumarins, 26 
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Pan-Assay Interference Compounds, 
PAINS, 266 

panicle, 188 
partial identification, 196 
PBS, 137 
penicillin, 17, 30 
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peptidoglycan wall, 5, 136 
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phenolic compounds, xxix 
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platencimicyn, 125 
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platensymicin, 127 
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polar extracts, 188 
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polymer radical, 228 
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polypharmacology, 17 
polyphenols, xxiii-xxv, 124, 130, 136 

bioactivity, xxiii 
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pore forming compounds, 136 
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XXIX 

post-harvest management, 92 
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potential pharmacokinetic properties, 266 
privileged drug scaffolds, 102 
probiotics, 172 
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Proteus vulgaris, PV, xviii, xxiii, xxix 
protoalkaloids, 17 
proton exchange, 200, 201, 212, 216 
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pseudoalkaloids, 17 
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psicoactive activity, 67 
psychopharmacological profile, 65 
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putative molecular formula, 174, 199, 204, 
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4H-quinolizidine, 246 
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qTofMS, 231 
quadrupole, 198,202, 229, 231 
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quinoline, 30 
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4H-quinolizidine, 246 
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random screening paradigm, 94 
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resistant strains, 87 
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resistome, 132 
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Salmonella typhi, ST, xviii, xxiii, xxix, 155 
Sami-Hyanglyun-Hwan, 118 
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Saponin fraction 
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saponins, 80,130,145,161 
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scale up considerations, 176 
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side effects, see antibiotic side effects, 101 
Sigma-Aldrich, xxiii, 119, 196 

chemical supplier, 127 
single secondary metabolites, 125 
Software 

CFM-1D, 259 
software 

ADF, 234, 236, 242, 253 
Analysis ToolPak Excel, 234 
Analysis ToolPak, Microsoft Excel, 

143 
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Streptococcus sanguini, SSg, xvm, xxm, 
XXIX 

streptomycin, 30 
Streptomycin, STR, xviii, xxiii, xxvi, xxvii 
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