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that comprised the essential oils fhat were determined using gas chromatography-mass
spectrometry (GC-MS) data. Accordingly, 4 test cases were designed in an attempt to
reconstitute essential oil antifungal activity based on the individual components that were
identified as biologically active using the exclusionary principle. While activity was
narrowed down, identifying compounds responsible for the antifungal properties of
essential oils still remains a challenge and would greatly benefit from improving bigger
data processes.

The second used bioautography to isolate and identify 2 compounds (bornyl
caffeate and bornyl ferulate) from a bark extract. A structure-activity relationship (SAR)
study was performed to better understand the potential of these 2 compounds for future
anticryptococcal drug development. Additional similar compounds were screened for
anticryptococcal activity and for cytotoxicity against 2 mammalian cell lines (MCF-7 and
HEK-293).

The third approach used a non-thermal (cold) helium gas plasma to explore the
ability of plasma exposure to eliminate pathogenic fungal cell growth. To determine
which factors of plasma exposure could be responsible for cell death, four experiments
were performed for effects of dehydration, UV, free ions, and direct contact on fungal
cells. Though differences were noted in cell growth, Aspergillus niger, Candida albicans

and Cryptococcus neoformans cells were all inhibited by plasma gas exposure.
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CHAPTER ONE

INTRODUCTION

1.1 Cryptococcus neoformans
It is estimated that 1.5 million people die each year from fungal infections primarily

caused by three distinct fungal species, one being Cryptococcus, which alone infects over
1 million people (Revie et al. 2018; Xie et al. 2014). Cryptococcus neoformans is a
basidiomycete fungus that is a well-known opportunistic human and animal pathogen. It
is commonly found throughout most environments, particularly prominent in bird
droppings, soil, and decaying wood (Domaneschi et al. 2018; Montagna et al. 2018; Polvi
etal. 2015). The ability to grow at 37 °C, a polysaccharide capsule, and melanin
formation allow C. neoformans to not only survive, but thrive in the human body
(Desjardins et al. 2017). In 2009, approximately 65% of HIV/AIDS patients that
acquired cryptococcal meningitis died as a result of the infection (Park et al. 2009).
However recent global analysis determined that approximately 82% of HIV/AIDS
patients that acquired cryptococcal meningitis died as a result of the infection, and that
cryptococcal meningitis is responsible for approximately 15% of HIV/AIDS-related
deaths (Rajasingham et al. 2017).

As recommended by the Centers for Disease Control, the Infectious Diseases

Society of America, and the World Health Organization, the main treatment options for



cryptococcal infections are fluconazole, amphotericin B, and flucytosine. This antifungal
trio is expensive, averaging about $31,000 per patient (Jung et al. 2018). Along with the
high price tag comes an even higher risk for severe, unwénted side effects. As listed by
the American Society of Health-System Pharmacists, the side effects of this antifungal
trio range from moderate effects including vomiting, rashes, diarrhea, loss of appetite,
and headaches, to severe and deadly side effects such as hypotension, seizures, psychosis,
organ damage, and organ failure. Even with these treatment options, excluding the
potential side effects, there is still a high percentage of mortality during the course of
cryptococcal meningitis treatment (Hardison and Brown 2012). This means there is a
chance that the current antifungal regimen for C. neoformans infections will fail, highly
depending on the patient, the strain, and the duration of infection before diagnosis. All
things considered, the need for new anticryptococcal treatments is dire.

With the lack of new antifungal drug development, current clinically prescribed
antifungals are losing their efficacy. Since C. neoformans exhibits high genomic
plasticity, the expression of azole-based antifungal targets is likely to quickly change,
leading to azole resistance (Perlin, Rautemaa-Richardson, and Alastruey-Izquierdo 2017;
Revie et al. 2018). This reduces the potency of one of the recommended treatment
options, fluconazole. Also, almost two decades ago, there were reports that another
recommended treatment option, Amphotericin B, failed for C. neoformans infection
(Perfect and Cox 1999). While still largely uncommon, strains of the fungus continue to
be isolated from patients showing resistance to or reduced effectiveness from treatment
with Amphotericin B (Xie et al. 2014). Resistance to the last of the mentioned antifungal
trio, flucytosine, is quite common, and is why the drug is mostly used as an adjunctive

instead as a primary treatment option (Campoy and Adrio 2017; Xie et al. 2014).



1.2 Finding New Anticryptococcal Agents

Humans have used medicines derived from plants to treat a range of ailments for
centuries, dating back as far as 2600 B.C (Gurnani et al. 2014). From the approximated
250,000 natural products with currently known biological activity, 60% were isolated
from plant species (Demain 2014). Natural product plant extracts (NPPEs) are
remarkably diverse due to the complexity of their unique compositions, and because they
are also renewable resources, they pose to be excellent sources for drug discovery
(Balouiri, Sadiki, and Ibnsouda 2016; Abad 2006). There is already an enormous
standing market for plant-based medicines sold under the more common term, herbal
supplements. The total estimated retail sales of herbal supplements derived from plants
in the United States alone in 2016 was $7.5 billion, a $3.3 billion increase from 2000
(estimated at $4.2 billion), and $2.4 billion increase from 2010 (estimated at $5.0 billion)
(Smith et al. 2017). In the past 30 years new drugs derived from a natural product extract
have been approved for treating numerous illnesses (analgesic, antimicrobial,
contraception, hemostatic, immunosuppressant, neuroleptic, osteoporosis, vasodilation,
etc.) (Newman and Cragg 2016). However, with all the medical success of finding new
plant-based treatment options for various ailments, new therapies for cryptococcal
infection have not been extensively investigated. Accordingly, it has been over 25 years
since new therapeutic options for Cryptococcus infection have been developed (Perfect
2017).

All of the NPPEs used in this study were collected from Monteverde, Costa Rica.
The search for new anticryptococcal agents began here because the area is extremely
biodiverse, which increases the chance of finding plant species containing new treatment

options for cryptococcal infection. Furthering our interests was the fact that there have
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already been several studies published claiming the antifungal activity of plant extracts
from Costa Rica (Ficker et al. 2003; Prieto et al. 2011; DeMera and Angert 2004;
Amiguet et al. 2006; Svetaz et al. 2010). It was our belief that if plant extracts from this
region already showed potent antifungal activity, some extracts would reveal to be

anticryptococcal agents as well.

1.3 Bioautography

Once a NPPE has been identified to have strong anticryptococcal activity, it is
important to determine exactly which component(s) are responsible for the activity. A
quick, inexpensive, and effective technique for detecting biologically active components
in NPPE:s is bioautography (Dewanjee et al. 2015; Guerrini et al. 2016; Favre-Godal,
Queiroz, and Wolfender 2013). This technique is a bioassay and provides experimental
evidence as to whether or not a compound will affect the growth of a microorganism.
There are generally three main accepted procedural types of bioautography: (1) agar
diffusion, (2) direct, and (3) agar-overlay (Balouiri, Sadiki, and Ibnsouda 2016; Marston
2011). For all of the procedures, the extract of interest must first be separated using TLC.
The difference between the procedures exists largely with how the microbial species are
grown, either (1) diffusing the spots from the TLC plate onto an agar medium containing
the species, (2) dipping the TLC plate into a media suspension with the species, or (3)
pouring an agar-broth solution of the species on top of the TLC plate. Microbes are
grown until zones of inhibition can be visualized. Specifically with C. neoformans,
bioautography has been shown to work well using the agar-overlay method with a dye for
easy visualization and determination of active anticryptococcal components (Fabri et al.

2011; Fernandez et al. 2014; Tavares et al. 2014). After zones of inhibition are



visualized, prep-TLC may be performed to isolate zones of inhibition based on the
calculated retention factor (Ry) values. Furthermore, once the active components of an
extract have been isolated using prep-TLC, the isolates can be analyzed and identified
using analytical techniques, such as NMR spectroscopy, GC, liquid chromatography
(LC), and MS.

The focus of this work was to isolate and identify the active anticryptococcal
components of new NPPEs from Costa Rica. Agar-overlay bioautography in
combination with a tetrazolium dye was ﬁsed to visualize the active components, while
prep-TLC was used to isolate the components. The isolated components were retested
for anticryptococcal activity and once activity was confirmed, an attempt was made at

identification using NMR and GC-MS.



CHAPTER TWO

METHODS

2.1 Background

Plant extracts are unique and inexpensive sources that are hosts to many different
small molecules. Potentially, these small molecules could be biologically active, offering
new therapeutic options for a range of illnesses. Thus, it is important to evaluate plant
extracts and identify any new sources of medically relevant compounds. This work
specifically focuses on finding new compounds from bark extracts that inhibit the growth
of the pathogenic fungus C. neoformans. Microdilution assays were performed first to
determine whether the extracts had any initial activity against C. neoformans.
Bioautography with the fungus and the extracts was used to locate inhibition zones on
TLC plates. For any inhibition zone, a Ry value was calculated in order to identify the
zone later when performing prep-TLC. Prep-TLC was incorporated to purify out the
active component from the rest of the extract. Once separated, prep-TLC isolates were

subjected to analytical techniques in an attempt to identify the component(s).



2.2 Bark Collection Location and Solvent Extraction
All natural product extracts were kindly provided by Dr. William N. Setzer and

the UAH Natural Product Drug Discovery Group (NPDDG).

2.2.1 Machaerium biovalatum (#1)
Bark was collected on the 16" of May in 2001 between Santa Elena and San Luis,
Monteverde, Costa Rica (10° 15.5' N, 84° 50.3’ W, 879 m above sea level (asl)). Extract

was collected by Soxhlet extraction. The dried bark was refluxed with acetone 6 hours.

2.2.2 Ocotea sp. “los llanos” (#2)
Bark was collected on the 19" of May in 2006 from Los Llanos, Monteverde,
Costa Rica (10° 18’ 18.4" N, 84° 50’ 9.1” W, 1254 m asl). Extract was collected by

Soxhlet extraction. The dried bark was refluxed with acetone for 6 hours.

2.2.3 Diospyros digyna (#3)
Bark was collected on the 28" of May in 2006 from San Luis, Monteverde, Costa
Rica (10° 16.6" N, 84° 48.5" W, 882 m asl). Extract was collected by Soxhlet extraction.

The dried bark was refluxed with ethanol for 6 hours.

2.2.4 Psychotria parvifolia (#4)
Bark was collected on the 19" of May in 1999 from the Monteverde Cloud Forest
Preserve in Monteverde, Costa Rica (10° 20.9' N, 84° 45.8' W, 1530 m asl). Extract was

collected by Soxhlet extraction. The dried bark was refluxed with acetone for 6 hours

(M. C. Setzer et al. 2003).



2.2.5 Cedrela tonduzii (#5)
Bark was collected on the 18" of May in 2007 from Productores de Monteverde
in Monteverde, Costa Rica (10° 18.7' N, 84° 48.6’ W, 1350 m asl). Extract was collected

by Soxhlet extraction. The dried bark was refluxed with acetone for 6 hours (Eason and

Setzer 2007).

2.2.6 Lonchocarpus oliganthus (#6)
Bark was collected on the 16" of May in 2008 from Monteverde, Costa Rica (10°
19" 3.57" N, 84° 47’ 38.03” W, 1459 m asl). Extract was collected by Soxhlet extraction.

The dried bark was refluxed with acetone for 6 hours (Deskins et al. 2014).

2.2.7 Croton monteverdensis (#7)
Bark was collected on the 22" of May in 2001 from Hotel El Bosque in
Monteverde, Costa Rica (10° 18.7" N, 84° 48.6’" W, 1325 m asl). Extract was collected

by Soxhlet extraction. The dried bark was refluxed with dichloromethane for 6 hours (W.

N. Setzer 2006).

2.2.8 Tapirira mexicana (#8)

Bark was collected on the 19" of May in 1998 from Hotel El Bosque in
Monteverde, Costa Rica (10° 18.7' N, 84° 48.6' W, 1325 m asl). Extract was collected
by Soxhlet extraction. The dried bark was refluxed with ethanol for 6 hours (M. C.

Setzer et al. 2003).



2.2.9 Verbesina turbacensis (#9)

Bark was collected on the 5" of May in 2008 from the San Luis Biological Station
in Monteverde, Costa Rica (10° 15"49"” N, 84° 49'52” W, 700 m asl). Extract was
collected by Soxhlet extraction. The dried bark was refluxed with acetone for 6 hours

(Ogungbe et al. 2010).

2.2.10 Styphnolobium monteviridis (#10)
Bark was collected on the 3™ of June in 2004 from Hotel EI Bosque in
Monteverde, Costa Rica (10° 18.7" N, 84° 48.6’ W, 1350 m asl). Extract was collected

using Soxhlet extraction. The dried bark was refluxed with chloroform for 6 hours.

2.2.11 Myrcianthes sp. “black fruit” (#11)
Bark was collected on the 14" of May in 1997 from Hotel El Bosque in
Monteverde, Costa Rica (10° 18.7" N, 84° 48.6" W, 1350 m asl). Extract was collected

using Soxhlet extraction. The dried bark was refluxed with dichloromethane for 6 hours

(M. C. Setzer et al. 2003).

2.2.12 Cupania glabra (#12)
Bark was collected on the 5" of May in 2002 from Hotel El Bosque in
Monteverde, Costa Rica (10° 18.7' N, 84° 48.6" W, 1350 m asl). Extract was collected

using Soxhlet extraction. The dried bark was refluxed with dichloromethane for 6 hours

(W. N. Setzer et al. 2005).



2.2.13 Ardisia revoluta (#13)
Bark was collected on the 24" of May in 2000 from the San Luis Biological
Station in Monteverde, Costa Rica (10° 15'49"” N, 84° 49’ 52" W, 700 m asl). Extract was

collected using Soxhlet extraction. The dried bark was refluxed with acetone for 6 hours.

2.2.14 Erythrina lanceolata (#14)
Bark was collected on the 5" of May in 2007 from Hotel El Bosque in
Monteverde, Costa Rica (10° 18.7' N, 84° 48.6" W, 1350 m asl). Extract was collected

using Soxhlet extraction. The dried bark was refluxed with dichloromethane for 6 hours.

2.2.15 Bursera ovalifolia (#15)
Bark was collected on the 14" of May in 2008 from Monteverde, Costa Rica (10°
17" 5.5" N, 84° 48’ 27.7" W, 1042 m asl). Extract was collected using Soxhlet extraction.

The dried bark was refluxed with chloroform for 6 hours.

2.2.16 Bocconia frutescens (#16)
Bark was collected on the 8" of June in 2004 from Monteverde, Costa Rica (10°
18" 50.1" N, 84° 48’ 47.5" W, 1388 m asl). Extract was collected using Soxhlet

extraction. The dried bark was refluxed with acetone for six hours.

2.3 Microdilution Assay with Bark Extracts
All extracts were diluted in dimethyl sulfoxide at concentrations of 0.01 mg/mL
(1%) and stored in a refrigerator at 4 °C. Cryptococcus neoformans (ATCC 24067) was

grown in potato dextrose broth (PDB, Difco by Becton, Dickinson and Company) at

10



37 °C for three days in a shaking incubator. An isolation streak was performed with the
broth solution of the fungus on potato dextrose agar (PDA, Difco by Becton, Dickinson
and Company) plates and grown at 37 °C for three days. From this, a single colony was
selected and grown again in PDB for three days in a shaking incubator. From the second
broth solution, 2 pL of cells were aliquoted into 200 mL of fresh PDB, of which 10 pLL
was added to a hemacytometer (Bright-Line, Hausser Scientific) and counted. After cell
calculations, the cells were subsequently diluted to 2.0 x 103 cells/mL in RPMI 1640
(Roswell Park Memorial Institute, Mediatech, Inc.) buffered with 167 mM MOPS (3-(N-

morpholino)propanesulfonic acid) at pH 7.0.

The 96-well plate microdilution method was used. To begin, 100 pL. of
RPMI/MOPS was added to every well in the 96-well plate (sterile polystyrene U-bottom
with low evaporation lid, Corning). Then 100 uL of the natural product extracts along
with DMSO as a solvent control and 100 uM Amphotericin B (AmpB, from
Streptomyces nodosus, Alfa Aesar) as a positive control were added to the first row of
each column and serial diluted by two-fold down the column. The solvent control was
included to distinguish between growth inhibition from the solvent versus inhibition from
the extracts. The positive control was included to visualize complete inhibition and in
order to compare inhibition between that of a known antifungal and the extracts. A
negative control of RPMI alone was also included to ensure cell growth was normal.
Finally, 100 pL of fungal cells at a concentration of 2.0 x 10° cells/mL were added to
every well in the plate. Plates were incubated at 37 °C for three days. Fungal inhibition
was interpreted visually through comparison to the positive and negative controls using a
Darkfield Quebec Colony Counter (American Optical Company). Samples were

screened in triplicate.

11



2.4 Thin-Layer Chromatography
Extracts #3, 10, 12, and 15 were not used for this assay due to lack of supply. The
remaining extracts were diluted in acetone at concentrations of 10 mg/mL and stored in a

refrigerator at 4 °C.

Each extract, in 5 pL volumes, was run on 200 um silica TLC plates (Silica G
TLC plates with UV 254, Sorbtech) using a solvent system of petroleum ether and ethyl
acetate at a ratio of 8:2. If this solvent system did not provide adequate separation, a ratio
of 7:3 petroleum ether and ethyl acetate was used instead.

To visualize plates, they were first subjected to short wave UV light using a
MINERALIGHT® UVS-254 lamp. Plates were then placed in iodine chambers for 10

minutes. The chambers consisted of iodine crystals in dark amber glass jars.

2.5 Agar-Overlay Bioautography

C. neoformans cells were grown as described above in Methods 2.3 and diluted to
a concentration 1.0 x 10° cells/mL. NPPEs were run on TLC plates before use in the
bioautography assay. They were run approximately two hours before and kept in a sterile
plastic container to allow solvent evaporation and reduce contamination. These plates
were subjected to UV light to confirm the extract ran in a straight line, however plates
were not subjected to iodine chambers. To glass test tubes (borosilicate 18 x 150 mm
disposable culture tubes) in a water bath at 45 °C, 6 mL of Mueller-Hinton broth:agar
(MHB, Difco by Becton, Dickinson and Company; laboratory grade agar from Fisher
Scientific) at a ratio of 8:2 was added. The bath was turned off, allowing the broth:agar
solution to cool. At 39 °C, fungal cells were added to the broth:agar solution to a final

concentration of 1.0 x 106 cells/mL. Cells must be added at this temperature because this

12



is the maximum temperature for C. neoformans cell growth (Madeira-Lopes, Placido, and
Cabega-Silva 1986) and because below this temperature the agar begins to solidify. Cells
were immediately poured over the pre-run TLC plates inside of a sterile plastic container.
Plates were allowed to solidify before adding small pieces of damp, sterile paper towels
on the opposite side of the container. Containers were then placed inside an incubator at
37 °C. After 24 hours, containers were removed and the plates were sprayed with 2.5
mg/mL 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyltetrazolium chloride dye (INT,
Tokyo Chemical Industry Co., Ltd), and incubated again at 37 °C. After 4, 24, and 48
hours of further incubation, plates were visually evaluated for zones of inhibition. Rf
values of the zones of inhibition were calculated using Equation 1 listed below.
Additionally, once zones of inhibition had been identified using regular TLC
plates, the procedure was repeated on the prep-TLC plates to be used for inhibition zone
isolation. This was done to ensure that R values were the same. Prep-TLC plates (Fluka
Analytical®) were silica gel-based with a glass back, a fluorescent indicator, and a 60 A
medium pore diameter. Plates were cut into L x W 10 cm x 4 cm rectangles using a
glasscutter before use. Extracts were run on the prep-TLC plates like the regular TLC

plates, as described above in Methods 2.4.

Bo= Distance spot traveled in solvent system
r =

Equation I: .
Distance solvent front traveled

2.6 Preparative Thin-Layer Chromatography
Extracts were separated in a solvent system of petroleum ether and ethyl acetate
in a ratio of 7:3 on prep-TLC plates as described above in Methods 2.4 and 2.5. Prep-

TLC plates for this procedure were cut into L x W 10 cm x 10 cm rectangles. Dried
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extract was mixed with acetone or dichloromethane and added to the bottom of the prep-
TLC plates 1.5 cm above the edge of the plate in a thick, straight line. After running the
plates, the bands that showed activity from the agar-overlay bioautography with the prep-
TLC plates were carefully scraped out with a metal scoopula based on their calculated Rt
values. The powder was then added to a glass vial and dissolved overnight at room
temperature in chloroform. Following, the solution was filtered through Q5 filter paper
(medium flow rate and porosity) into a new glass vial. The vial was left uncapped in a

hood overnight to evaporate off the solvent.

2.7 Microdilution Assay with Prep-TLC Isolates

Prep-TLC isolates were subjected to the microdilution assay as performed above
in Methods 2.3 with the whole bark extracts and C. neoformans (24067). The isolates
were diluted to a concentration of 10 mg/mL in DMSO for use in the assay. The same
controls that were used to evaluate the whole bark extracts were used again: DMSO, 100
uM AmpB, and a negative control of RPMI alone. The assay was also performed in

triplicate.

2.8 Nuclear Magnetic Resonance Spectroscopy

A 500 MHz Varian Unity Inova spectrometer was used to collect all of the data at
room temperature (25 °C). This spectrometer was equipped with a S-mm triple resonance
inverse detectable probe. All of the prep-TLC isolates subjected to NMR spectroscopy
were dissolved in deuterated chloroform (Cambridge Isotope Laboratories, Inc.) to an

approximate concentration of 5 mg/mL. Proton ('H), heteronuclear single quantum
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correlation (HSQC), heteronuclear multiple bond correlation (HMBC), and 'H-'H

correlation (COSY) spectra were acquired for all samples.

2.9 Gas Chromatography-Mass Spectrometry
Analysis of the prep-TLC isolates was completed using an Agilent 6890 Series
GC system with an Agilent 5973 Network Mass Selective Detector. The system was

equipped with an Agilent HP-SMS capillary column (length 30 m, diameter 0.250 mm,
and film thickness 0.25 pM). The carrier gas was helium, with a flow rate of 1.5
mL/minute. Column temperature was initially 60 °C, and gradually increased to 310 °C
at a rate of 6 °C per minute. A solvent delay of 3.5 minutes was used. Each sample was

dissolved in chloroform at a concentration of 1 mg/mL. Samples were injected in 1.0 uLL

volumes using an Agilent 7693 Autosampler in splitless mode.
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CHAPTER 3

RESULTS AND DISCUSSION

3.1 Background

This study began by evaluating anticryptococcal activity via broth microdilution
of 16 NPPEs from Monteverde, Costa Rica. The extracts were then subjected to agar-
overlay bioautography to visualize zones of inhibition. Extracts that showed zones of
inhibition were further evaluated by purifying out the active components using prep-TLC.
Prep-TLC isolates were screened for anticryptococcal activity using broth microdilution.
If the prep-TLC isolates showed anticryptococcal activity, an attempt was made to

identify the compound(s) using chemical instrumentation methods.

3.2 Microdilution Assay with Bark Extracts
MIC values of the 16 NPPEs were measured using a 96-well plate microdilution
assay in triplicate. This assay was performed to determine whether the full NPPE would

inhibit the growth of C. neoformans (24067). The solvent control, pure DMSO, inhibited
C. neoformans at 6.25%, while the positive control, 100 uM AmpB, inhibited the fungus
at a concentration of 1 pM. The RPMI media control exhibited normal growth in all

wells. Images of the 96-well plates are shown in Figures 3.2.1 and 3.2.2. The MIC

values for the NPPEs with C. neoformans (24067) are listed in Table 3.2.
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1 2 3 4 AmpB RMPI RPMI DMSO 5§ 6 7 8

Figure 3.2.1 Microdilution assay results from NPPEs 1-8 and the controls with C.
neoformans (24067) in a 96-well plate. Both RPMI media controls containing only cells
grew, showing that cells were healthy. Samples and controls were added to the first row
in each column and serial diluted down the column. The photo of plate was divided up
into sections to emphasize the difference between the results from the controls versus the
results from the extracts. The small, white clumps in the middle of each well are growth
of C. neoformans. The fluffy, grainy, or cloudy appearances in some of the wells are
insoluble solids from the NPPEs.
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NPPE NPPE
9 10 11 12 AmpB RMPI RPMI DMSO 13 14 15 16

Figure 3.2.2 Microdilution assay results from NPPEs 9-16 and the controls with C.
neoformans (24067) in a 96-well plate. Both RPMI media controls containing only cells
grew, showing that cells were healthy. All samples and controls were added to the first
row in each column and serial diluted down the column. The photo of plate was divided
up into sections to emphasize the difference between the results from the controls versus
the results from the extracts. The small, white clumps in the middle of each well are
growth of C. neoformans. The fluffy, grainy, or cloudy appearances in some of the wells
are insoluble solids from the NPPEs.
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Table 3.2 Results from the microdilution assay for NPPEs from Monteverde, Costa Rica
against C. neoformans (24067). The observed MIC value in parts per million is shown in
the right column. Results were interpreted visually from the 96-well MIC plates based on
growth of the fungus.

NPPE Number Plant Name MIC (ppm)
1 Machaerium biovalatum 20
2 Ocotea sp. “los llanos” 20
3 Diospyros digyna 315
4 Psychotria parvifolia 20
5 Cedrela tonduzii 80
6 Lonchocarpus oliganthus 80
7 Croton monteverdensis 155
8 Tapirira mexicana 20
9 Verbesina turbacensis 20
10 Styphnolobium monteviridis 80
11 Myrcianthes sp. “black fruit” 155
12 Cupania glabra 80
13 Ardisia revoluta 20
14 Erythrina lanceolata _ 20
15 Bursera ovalifolia 315
16 Bocconia frutescens 80

3.3 Thin-Layer Chromatography Separation and Visualization

TLC was performed in order to separate the components of the NPPEs. UV
fluorescent-imbedded silica gel-based TLC plates were used as the stationary phase,
while both UV light and iodine chamber exposures were used to visualize the separations.
The mobile/gas phase consisted of petroleum ether (PetEt), which is a nonpolar solvent,
and ethyl acetate (EtOAc), which is polar. A mixture in a ratio of 8:2 PetEt:EtOAc was

used as a starting point. All 12 NPPEs were subjected to TLC via these conditions.
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Additionally, 3 of the NPPEs (#7, #9, and #16) were subjected to TLC but with a solvent
system of 7:3 PetEt:EtOAc after it was noted in the first bioautographic analysis
(explained in Results Section 3.4) that the components could be further separated.
Images of NPPEs after separation with 8:2 PetEt:EtOAc and visualization both under a
UV lamp and after a 10-minute exposure to an iodine chamber can be seen in the
Appendix, Figures 1-12. The 3 NPPEs (#7, #9, and #16) after separation with 7:3
PetEt:EtOAc and visualization can been seen in the Appendix, Figures 13-15. Other
solvent systems, such as PetEt:EtOAc in a ratio of 6:4, and PetEt:EtOAc:Methanol in
ratios of 7:2:1 and 6:3:1, were also tested but decreased separation of spots for these 3

NPPEs (data not shown).

3.4 Bioautography

Agar-overlay bioautography was performed after separating the NPPEs in a
solvent system of PetEt:EtOAc in a ratio of 8:2. From the 12 NPPEs evaluated using this
procedure, 6 showed no zones of inhibition (#1, #5, #6, #8, #11, #14), 3 showed
inhibition only over the original spot on the TLC plate (#2, #4, #13), and 3 showed
multiple zones with different Ry values (#7, #9, and #16). The results from the 9 NPPEs
that did not reveal zones of inhibition or revealed no migration of the antifungal
components can be seen in the Appendix in Figures 16-18. The 3 NPPEs that showed
multiple zones can be seen in Appendix Figure 19.

The 3 NPPEs that showed zones of inhibition either had spots with low Revalues
(<0.3) or Ry values that were numerically close (Appendix Figure 19). Therefore, the
TLC separations were repeated with a solvent system of PetEt:EtOAc in a ratio of 7:3.

This was done as an attempt to improve spot separation and further distinguish the Ry
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values from each other. Increasing separation between compounds would also would
directly reduce contamination between individual components when they are isolated
with prep-TLC. The bioautography results from the improved TLC separations can be
seen in Figure 3.4.2. All Ry values were increased, and spot separation dramatically
improved for two of the NPPEs. Thus, the R values were varied enough to identify each
individual TLC band leading to prep-TLC being a feasible procedure to purify the active
anticryptococcal components of the NPPEs from the full extract.

Ideally, at least one zone of inhibition would be visualized for each NPPE
subjected to this assay. However, due to the conditions used for this particular
bioautography assay, an inhibition zone might not be visualized for a few reasons. The
original spot on the TLC plate should reveal a zone of inhibition if the active component
did not separate under these TLC conditions but is potent enough to diffuse through the
agar layer to C. neoformans. It is possible that the agar layer over the TLC plate was too
thick, thus reducing the diffusion potential of the component and its effect on C.
neoformans. This lack of inhibition could also be due to synergistic effects between
components, meaning lower or no biological activity will be seen with the individual

components since two or more are required to inhibit C. neoformans.
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Extract #7 Extract #9 Extract #16
Croton monteverdensis Verbesina turbacensis

Bocconia frutescens

Figure 3.4.1 Images of agar-overlay bioautography for NPPEs #7, #9, and #16 after
staining with INT dye for 48 hours. The appearance of obvious inhibition zones after
separation suggests that the components are in high enough concentration to inhibit
fungal growth. Calculated R¢ values are shown in black with lines pointing to their
corresponding inhibition zone.
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3.5 Microdilution Assay with Prep-TLC Isolates

Prep-TLC isolates were subjected to the microdilution assay with C. neoformans
(24067) in order to determine the MIC value. Both zones from extracts #7 and #9 were
tested, as well as all 4 of the zones from extract #16. The results from this assay are

shown in Figure 3.5 with MIC values listed in Table 3.5.

NPPE #7 NPPE #9 NPPE #16
030 0.61 0.27 0.51 033 0.40 0.51 0.58

RPMI DMSO 1 2 3 4 S 6 7 8 RMPI AmpB

Figure 3.5 Microdilution assay results from the 8 prep-TLC isolates and the controls with
C. neoformans (24067) in a 96-well plate. Both RPMI media controls containing only
cells grew, showing that cells were healthy. All samples and controls were added to the
first row in each column and serial diluted down the column. The small, white clumps in
the middle of each well are growth of C. neoformans. The flufty, grainy, or cloudy
appearances in some of the wells are due to insoluble solids from the NPPEs.
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Because the prep-TLC isolates are assumed single components, the MIC values
were calculated in mg/mL as opposed to ppm like the whole bark extracts. The negative
control, pure DMSO, inhibited Cryptococcus neoformans (24067) at 12.5%, while the
positive control, 100 uM AmpB, inhibited the fungus at a concentration of 1 pM. The
RPMI media control exhibited normal cell growth in all wells. If the isolated compound
showed activity at a low concentration, identification was pursued. The cutoff for

identification was set to 0.16 mg/mL based on literature (Surapuram et al. 2014).

Table 3.5 Results from the microdilution assay for prep-TLC isolates against
Cryptococcus neoformans (24067). The observed MIC value in mg/mL is shown in the
right column. Results were interpreted visually from the 96-well MIC plates based on
growth of the fungus.

Prep-TLC Extract Plant Name MIC (mg/mL) with
Isolate Number (Number) Ri Value C. neoformans (24067)
1 Croton monteverdensis (7) 0.30 0.31
2 Croton monteverdensis (7) 0.61 0.31
3 Verbesina turbacensis (9) 0.27 0.02
4 Verbesina turbacensis (9) 0.51 0.02
5 Bocconia frutescens (16) 0.33 0.62
6 Bocconia frutescens (16) 0.40 0.62
7 Bocconia frutescens (16) 0.51 0.08
8 Bocconia frutescens (16) 0.58 0.04
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3.6 Structure Determination for Prep-TLC Isolates

Both NMR spectroscopy and GC-MS were utilized to identify the prep-TLC
isolates. NMR spectra for each sample consisted of a proton, a HSQC, a HMBC, and a
COSY. These spectra were used to determine the structure of the sample by evaluating
proton and carbon connections. GC-MS was used to acquire retention times and

molecular masses.

3.6.1 NMR Results

Proton, HSQC, HMBC, and COSY spectra were collected to evaluate the
structure of select prep-TLC isolates. Only prep-TLC isolates with a MIC value
< 0.16 mg/mL were subjected to NMR spectroscopy. Coupling constant and multiplicity
data were obtained from the proton spectra. Direct proton-carbon connections were
determined using the HSQC spectra. The HMBC spectra were used to resolve quaternary
carbons. The COSY spectra were used to confirm proton-carbon connections seen in
HSQC and HMBC. Proton spectra for all samples are shown below as Figures 3.6.1.A,
3.6.1.B,3.6.1.C, and 3.6.1.D. The remaining spectra (HSQC, HMBC, and COSY) are

shown in Appendix Figures 20-25.
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Figure 3.6.1.A The 500 MHz "H NMR spectrum for Ry = 0.27 from extract #9 in CDCl3

(7.26 ppm). Sample concentration was 5 mg/mL.
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Figure 3.6.1.B The 500 MHz 'H NMR spectrum for R¢= 0.51 from extract #9 in CDCl;
(7.26 ppm). Sample concentration was 5 mg/mL.
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Figure 3.6.1.C The 500 MHz 'H NMR spectrum for Ry = 0.51 from extract #16 in CDCl;
(7.26 ppm). Sample concentration was 5 mg/mL.
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Figure 3.6.1.D The 500 MHz '"H NMR spectrum for Rf= 0.58 from extract #16 in CDCl3
(7.26 ppm). Sample concentration was 5 mg/mL.

29



3.6.2 GC-MS Results

Since the final goal of the study is to identify plant compounds that are potent
anticryptococcal agents, GC-MS was implemented to obtain a retention time and a
molecular mass for the prep-TLC isolates. The mass-to-charge ratio graphs are shown
below in Figures 3.6.2.A, 3.6.2.B,3.6.2.C, 3.6.2.D. The combined data, including the
observed retention times and molecular masses, for the 4 prep-TLC isolates are listed

below in Table 3.6.2.
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Figure 3.6.2.A Mass-to-charge ratio graph of Rr= 0.27 from extract #9. The retention

time of this peak was 43 minutes. Peaks are labeled with corresponding mass-to-charge

ratio in Daltons as well as their percent intensity.
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0.51 from extract #9. The retention

time of this peak was 44 minutes. Peaks are labeled with corresponding mass-to-charge

ratio in Daltons as well as their percent intensity.

Figure 3.6.2.B Mass-to-charge ratio graph of Ry
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Figure 3.6.2.C Mass-to-charge ratio graph of R¢=0.51 from extract #16. The retention

time of this peak was 41 minutes. Peaks are labeled with corresponding mass-to-charge

ratio in Daltons as well as their percent intensity.
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Figure 3.6.2.D Mass-to-charge ratio graph of Rr= 0.58 from extract #16. The retention

time of this peak was 42 minutes. Peaks are labeled with corresponding mass-to-charge

ratio in Daltons as well as their percent intensity.
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Table 3.6.2 Summary of the GC-MS results for the 4 prep-TLC isolates. Molecular mass
reflects that of the mass at the corresponding retention time.

Prep-TLC Retention  Molecular
Isolate Extract Plant Name Time Mass
Number (Number) R¢ Value (minutes) (g/mol)

3 Verbesina turbacensis (9) 0.27 40.74 316.2
- Verbesina turbacensis (9) 0.51 38.97 330.2
7 Bocconia frutescens (16) 0.51 44.14 349.2
8 Bocconia frutescens (16) 0.58 43.89 332.2

3.6.3 Prep-TLC Isolate Identification

Prep-TLC isolate #3 was identified as the bornyl hydroxycinnamic ester, bornyl
caffeate (Figure 3.6.3.A). This identification was made based on NMR peak assignments
(Table 3.6.3.A) and the molecular mass obtained from GC-MS analysis. Prep-TLC
isolate #4 was identified as bornyl caffeate methoxy derivative, bornyl ferulate (Figure
3.6.3.B). This identification was also made based on NMR peak assignments (Table
3.6.3.B) and the molecular mass. Prep-TLC isolates #7 and #8 have yet to be identified
due to sample impurities leftover from prep-TLC, as observed in the proton NMR spectra

shown above in Figures 3.6.1.C and 3.6.1.D, respectively.



Figure 3.6.3.A Chemical structure of bornyl caffeate. Blue numbers correspond to the
respective carbon atom.

Table 3.6.3.A NMR assignments for R¢=0.51 from extract #9. Positions correspond to

structure of identified compound (as shown in Figure 3.6.3.B). 6C, multiplicity

information was extrapolated from HSQC and HMBC spectra.

HMBC

Position 5C, multiplicity 5H (J, Hz) (H>C)  COSY
1 168.04, C - 2;3 -
2 116.24, CH 6.30,d (15.91) 3 3
3 14431, CH 7.57,d (15.92) 5,9 2
4 127.68, C - 2;3;8 -
5 114.37, CH 7.11,d (1.95) 3,9 9
6 143.77, C - 5,8 -
7 146.22, C - 5:8:9 -
8 115.52, CH 6.88, d (8.20) 9 9
9 122.33, CH 7.02, dd (1.96; 8.22) 3;5;8 5:8
1’ 80.15 CH 5.00, m 57 3’ 6'
2’ 47.83,C - 7,9 10° -
g 27.24, CH2 1.35,m; 2.03, m 57 4
4 28.04, CH2 1.28, m; 1.78, m - 35
5 44.93, CH 1.71, t (4.47, 4.47) 9,10, 436

1.04, dd (3.48, 13.79);
6 36.83, CH2 2.41, m - 45
7 13.55, CH3 0.88. s - -
57,9

g 48.96, C - 10°; -~
9 18.76, CH3 0.94, s 10° 10°
10° 19.69, CH3 0.90, s 9 9
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Figure 3.6.3.B Chemical structure of bornyl ferulate. Blue numbers correspond to the
respective carbon atom.

Table 3.6.3.B NMR assignments for R¢= 0.51 from extract #9. Positions correspond to
structure of identified compound (as shown in Figure 3.6.3.B). 6C, multiplicity

information was extrapolated from HSQC and HMBC spectra.

HMBC
Position  8C, multiplicity oH (J, Hz) (H=>C) COSY
1 167.69, C -- 3 --
2 116.12, CH 6.32.d (15.89) -- 3
3 144.33, CH 7.59, d (15.89) 5:9 2
4 127.09, C -- 2;8 --
5 109.30, CH 7.04,d (1.83) 3:9 10
6 147.85, C - 59 -
7 146.75, C -- 5:8 --
8 114.71, CH 6.92, d (8.10) 9 9
9 123.02, CH 7.08, dd (1.83, 8.17) 3:5;8 8
10 55.96, CH3 3.93,s -- 5
1’ 79.85, CH 5.01,m i 3’6
2’ 47.84,C - 7.9 10° -
3’ 27.26, CH2 1.35, m; 2.05, m 5t T 1", 4
E e i
4’ 28.07, CH2 1.28, m; 1.78, m - 6’
5 44 .94, CH 1.71,t(4.43, 4.43) 9. 10° 4,6’
1.05, dd (3.51, 13.75); 1°;4°;
6’ 36.86, CH2 242, m -- 5°
7 13.56, CH3 0.88, s -- --
579
8’ 48.94, C - 10° --
9’ 18.88, CH3 0.94, s 10° 10°
10° 19.73, CH3 0.90, s 9 9’
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CHAPTER 4

CONCLUSIONS AND FUTURE WORK

4.1 Conclusions

A growing consequence of modern medicine is the negative impacts that drug
resistance has bestowed on the medical community. Due to various reasons, growing
spikes in drug resistance can be seen throughout the spectrum of pathogenic
microorganisms, fungi included. Specifically in Cryptococcus species, there has been a
notable rise in antifungal resistance as well as infection rates worldwide over the past
decade (Rajasingham et al. 2017). As an example, the rise of cryptococcal meningitis
infection in HIV/AIDS patients in sub-Saharan Africa has climbed so dramatically that it
has surpassed tuberculosis in mortality rates (Brown et al. 2012). Considering both the
increasing rates of infection and antifungal resistance of Cryptococcus, it is absolutely
dire that new anticryptococcal agents are discovered.

Since plants offer seemingly endless sources of medically promising biologically
active compounds and are renewable resources, they serve as excellent candidates for the
grounds of new drug discovery. To accomplish analyzing plant matter for relative and
novel active compounds, bioautography and preparative-TLC are complimentary
procedures that allow for the biologically active component(s) from a mixture to be

determined. Subsequent identification of active compounds is facilitated by the combine
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isolation coupled to activity determination. Thus, in weeks to months, this entire process
can be completed and lead to newly characterized biologically active compounds.

This process was applied to 16 NPPEs from Monteverde, Costa Rica. The
NPPES were initially analyzed for anticryptococcal activity. From this analysis, 14 out
of the 16 were found to strongly inhibit growth of the fungus. Due to limited availability,
only 12 of the 16 extracts were further analyzed for their biologically active
component(s). From bioautography, 3 of the 12 extracts showed a separable zone of
inhibition, 3 showed a zone of inhibition over the original spot on the TLC plate, and 6
did not show a zone of inhibition. Subsequent prep-TLC was performed to separate and
isolate the active components from the 3 extracts that showed separable zones of
inhibition. A total of 8 different compounds were collected using prep-TLC from the 8
zones of inhibition visualized from the 3 extracts. The anticryptococcal activity of the 8

prep-TLC isolates was evaluated, revealing that 4 out of the 8 strongly (< 0.16 mg/mL)

inhibited the growth of C. neoformans (24067). Using NMR spectroscopy and GC-MS, 2
of the 4 prep-TLC isolates were identified, however 2 still remain to be identified. The 2
prep-TLC isolates from the plant Verbesina turbacensis were identified as bornyl caffeate
and bornyl ferulate. The 2 prep-TLC isolates from Bocconia frutescens require further
purification before identification, a process that is currently underway.

Previous literature reports both of the bornyl compounds to be inhibitors of the
trypanosome cysteine protease (Ogungbe et al. 2010). To our knowledge, this is the first
report illuminating the potent anticryptococcal activity, and thus the first insights to
antifungal activity, of the two bornyl hydroxycinnamic esters bornyl caffeate and bornyl
ferulate. Also, this is the first report elaborating the anticryptococcal activity of the

acetone bark extracts of plants Verbesina turbacensis and Bocconia frutescens.
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It is interesting to note that out of the 16 NPPEs evaluated for anticryptococcal
activity, 12 completely inhibited growth of C. neoformans (24067) at or below an MIC
value of 80 ppm. It should also be mentioned that all 16 of the NPPEs showed complete
inhibition at a concentration of 315 ppm or lower. This strong activity correlation from a
single NPPE data set may be a coincidence since only 16 bark extracts from one region of
the globe were screened for activity. However, there may be an underlying cause for
why this pathogenic fungus is dramatically susceptible to NPPEs. While this is currently
pure speculation, C. neoformans may be affected intensely by NPPEs because of how
common C. neoformans is to outdoor environments across the globe. As the fungus is
prevalent in bird excretion and soil, if it was capable of killing most plants, these plants
would most likely not exist, or exist under a constant state of infection. Since it can be
observed that most plants are not killed by C. neoformahs infection, or display no
obvious signs of infection, the plants must have mechanisms to defend themselves
against the fungus. Keeping this in mind, it can be said in good confidence that NPPEs
are a promising source of novel anticryptococcal lead compounds and are deserving of

attention by the scientific community.

4.2 Future Work

The main goal for the near future is to identify the remaining two prep-TLC
isolates #7 and #8. Most likely this goal will be accomplished through more intense
purification steps, either by using a different prep-TLC method or by high performance
liquid chromatography (HPLC), in order to completely separate the active compound(s).

Once purified, they can be identified using the same methods implemented herein.
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Another important goal for the near future is to subject the identified prep-TLC
isolates to cytotoxicity assays to determine whether or not the compounds are toxic to
humans at relative medical doses. It would be interesting to look at any possible
correlations between structure and activity of the compounds if they are close derivatives,
like the bornyl compounds. Changing one substituent on a molecule at a time could have
an impact on its ability to inhibit C. neoformans (24067). This could also have an impact
on the cytotoxicity of the molecule. The compounds should eventually be subjected to
mechanism-of-action assays in order to evaluate how they are inhibiting the growth.
Also, since C. neoformans (24067) was the only strain and serotype used in this study,
the compounds should be screened against other species of Cryptococcus as well as other
strains/serotypes of C. neoformans. This would be a great starting point to evaluate the
potential of the compounds to become a solution for all cryptococcal infections.

In the far future, the prep-TLC isolates should be subjected to various synergy
assays with medically relevant compounds such as current antifungals, over-the-counter
drugs, and common small molecules. This could identify negative side interactions. This
is important because ideally these compounds would progress down the antifungal
pipeline and eventually become new therapeutic options for cryptococcal infections.
They would most likely be eliminated as drug candidates if they were to cause harmful
side reactions with common compounds such as NSAIDs or caffeine.

Other future works could include optimizing TLC and bioautography conditions
for the 3 NPPEs that showed a zone of inhibition over the original spot on the TLC plate
(#2, #4, and #13). All 3 of the NPPEs had a MIC value of 20 ppm with C. neoformans

(24067) and should contain at least one component responsible for the activity.
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APPENDIX

UAH NPDDG UAH NPDDG Thesis
Number Code Scientific Name Number
51 MABIBA Machaerium biovalatum 1
52 OCLLBA Ocotea sp. “los llanos™ 2
54 DIDIBE Diospyros digyna 3
56 PSPABA Psychotria parvifolia -

57 CETOBA Cedrela tonduzii 5
58 LOOLBA Lonchocarpus oliganthus 6
59 CRMOBD Croton monteverdensis 7
60 TAMEBE Tapirira Mexicana 8
61 VETUBA Verbesina turbacensis 9
63 STMOBC Styphnolobium monteviridis 10
64 MYBLBD Myrcianthes sp. “black fruit” 11
67 CUGLBD Cupania glabra 12
69 ARREBA Ardisia revoluta 13
70 ERLABD Erythrina lanceolata 14
73 BUOVBC Bursera ovalifolia 15
74 BOFRBA Bocconia frutescens 16

Table 1 Combined information regarding the NPPEs used for this Thesis. The UAH
NPDDG has a specific numbering and coding system for each plant extract they collect,
and this is shown in the first two columns respectively. The proper scientific name for
each plant species used for extraction is shown in the third column. In the last column,

the numbering system is listed that was used for simplicity in this Thesis.
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Figure 1 Visualization of NPPE #1 after separation with 8:2 petroleum ether: ethyl
acetate on a silica gel TLC plate. UV light detection is shown on the left, and the 10-
minute iodine stain is shown on the right. While UV shows no discernable separation,
five faint but different spots can be seen after staining with iodine.
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Figure 2 Visualization of NPPE #2 after separation with 8:2 petroleum ether: ethyl
acetate on a silica gel TLC plate. UV light detection is shown on the left, and the 10-
minute iodine stain is shown on the right. While UV barely showed discernable
separation, three different clear spots were seen after staining with iodine, with a few
spots that appear to be bunched together and not completely separated.
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Figure 3 Visualization of NPPE #4 after separation with 8:2 petroleum ether: ethyl
acetate on a silica gel TLC plate. UV light detection is shown on the left, and the 10-
minute iodine stain is shown on the right. Neither UV nor the iodine stain showed

discernable separation. The tiny spot on the far left of each place is an artifact and did
not arise from solvent separation.
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Figure 4 Visualization of NPPE #5 after separation with 8:2 petroleum ether: ethyl
acetate on a silica gel TLC plate. UV light detection is shown on the left, and the 10-
minute iodine stain is shown on the right. While UV showed no discernable separation,
the iodine stain revealed five distinct spots, with a few spots that appear to be bunched
together and not completely separated
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Figure 5 Visualization of NPPE #6 after separation with 8:2 petroleum ether: ethyl
acetate on a silica gel TLC plate. UV light detection is shown on the left, and the 10-
minute iodine stain is shown on the right. UV showed two distinct spots, with another
spot that appeared to smear and was not completely separated. The iodine stain revealed
six distinct spots, with minimal smearing, although the remaining spots seem overlapped
with others.
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Figure 6 Visualization of NPPE #7 after separation with 8:2 petroleum ether: ethyl
acetate on a silica gel TLC plate. UV light detection is shown on the left, and the 10-
minute iodine stain is shown on the right. UV showed one distinct spot, with a few spots
that appeared to smear and were not completely separated. The iodine stain revealed

three distinct spots, with slight smearing, although the remaining spots seem overlapped
with others.
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Figure 7 Visualization of NPPE #8 after separation with 8:2 petroleum ether: ethyl
acetate on a silica gel TLC plate. UV light detection is shown on the left, and the 10-
minute iodine stain is shown on the right. While UV showed no discernable separation,
the iodine stain revealed two distinct spots. Note that product still remains on the starting
line, thus indicating complete separation with this solvent system was not achieved.
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Figure 8 Visualization of NPPE #9 after separation with 8:2 petroleum ether: ethyl
acetate on a silica gel TLC plate. UV light detection is shown on the left, and the 10-
minute iodine stain is shown on the right. UV showed two distinct spots, while the iodine
stain revealed four distinct spots, with minimal smearing. It appears that there could be
other spots judging from the iodine stain, however they are faint and hardly discernible.
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Figure 9 Visualization of NPPE #11 after separation with 8:2 petroleum ether: ethyl
acetate on a silica gel TLC plate. UV light detection is shown on the left, and the 10-
minute iodine stain is shown on the right. UV showed four distinct spots, even though
one of the spots barely separated from the original. The iodine stain revealed eight
distinct spots, with minimal smearing, however most of the spots are overlapped with
others. It appears that there could be other spots judging from the iodine stain, however
they are faint and hardly discernible.
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Figure 10 Visualization of NPPE #13 after separation with 8:2 petroleum ether: ethyl
acetate on a silica gel TLC plate. UV light detection is shown on the left, and the 10-
minute iodine stain is shown on the right. While UV showed no discernable separation,
the iodine stain revealed two distinct spots, accompanied by a decent amount of
smearing. It appears that there could be other spots judging from the iodine stain,
however they are faint and hardly discernible.
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Figure 11 Visualization of NPPE #14 after separation with 8:2 petroleum ether: ethyl
acetate on a silica gel TLC plate. UV light detection is shown on the left, and the 10-
minute iodine stain is shown on the right. UV and the iodine stain both showed three
distinct spots accompanied by a decent amount of smearing. It appears that there could
be other spots, however they are overlapped with other spots, or faint and hardly
discernible.
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Figure 12 Visualization of NPPE #16 after separation with 8:2 petroleum ether: ethyl
acetate on a silica gel TLC plate. UV light detection is shown on the left, and the 10-
minute iodine stain is shown on the right. UV showed five distinct spots, even though
one of the spots barely separated from the original. The iodine stain revealed eight
distinct spots, with minimal smearing, however half of the spots are overlapped with
others. It appears that there could be other spots judging from the colors that appeared
after the iodine stain, however they are faint and hardly discernible.
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Figure 13 Visualization of NPPE #7 after separation with 7:3 petroleum ether: ethyl
acetate on a silica gel TLC plate. UV light detection is shown on the left, and the 10-
minute iodine stain is shown on the right. UV showed three distinct spots, with a few
spots that appeared to smear and were not completely separated. The iodine stain also
revealed three distinct spots, with slight smearing, although the remaining spots seem
overlapped with others.
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Figure 14 Visualization of NPPE #9 after separation with 7:3 petroleum ether: ethyl
acetate on a silica gel TLC plate. UV light detection is shown on the left, and the 10-
minute iodine stain is shown on the right. UV showed three distinct spots, while the
iodine stain revealed six distinct spots, with minimal smearing. It appears that there
could be other spots judging from the iodine stain, however they are faint and hardly
discernible.
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Figure 15 Visualization of NPPE #16 after separation with 7:3 petroleum ether: ethyl
acetate on a silica gel TLC plate. UV light detection is shown on the left, and the 10-
minute iodine stain is shown on the right. UV showed six distinct spots, with some of the

spots still overlapping. The iodine stain revealed eight distinct spots, with minimal
smearing.
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Extract #1 Extract #2 Extract #4

Figure 16 Images of agar-overlay bioautography for NPPEs #1, #2, and #4 after staining
with INT dye for 48 hours. Extract #1 did not provide a zone of inhibition anywhere on
the plate. Extracts #2 and #4 did not provide a zone of inhibition after separation,
however the appearance of an inhibition zone can be seen over the original spot,
suggesting that the active anticryptococcal component(s) were not separated with the
solvent system PetEt:EtOAc in a ratio of 8:2.
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Extract #5 Extract #6 Extract #8

Figure 17 Images of agar-overlay bioautography for NPPEs #5, #6 and #8 after staining
with INT dye for 48 hours. All three extracts did not provide a zone of inhibition after
separation, suggesting that the active anticryptococcal component(s) were not separated
with the solvent system PetEt:EtOAc in a ratio of 8:2.
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Extract #11 Extract #13 Extract #14
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Figure 18 Images of agar-overlay bioautography for NPPEs #11, #13, and #14 after
staining with INT dye for 48 hours. Extracts #11 and #14 did not provide any zones of
inhibition, however an inhibition zone can be seen over the original spot of extract #13,

suggesting that the active anticryptococcal component(s) were not separated with the
solvent system PetEt:EtOAc in a ratio of 8:2.
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Extract #7 Extract #9 Extract #16

Figure 19 Images of agar-overlay bioautography for NPPEs #7, #9, and #16 after
staining with INT dye for 48 hours. The appearance of obvious inhibition zones after

separation suggests that the components are in high enough concentration to inhibit
fungal growth.
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Figure 20 Heteronuclear single quantum correlation (HSQC) spectrum of prep-TLC
isolate #3 (NPPE #9, Rr= 0.25). Spectrum was collected on a 500 MHz Varian Unity
Inova spectrometer. Carbon sweep width was 25141 Hz centered at 90 ppm while
hydrogen sweep width was 5006 Hz centered at 5.5 ppm. Number of increments was 128
while number of transient scans per t1 increments was 4. NUS with 37.5% sampling
density and 256 increments in reconstituted data was used.
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Figure 21 Heteronuclear multiple bond correlation (HMBC) spectrum of prep-TLC
isolate #3 (NPPE #9, R¢= 0.25). Spectrum was collected on a 500 MHz Varian Unity
Inova spectrometer. Carbon sweep width was 30166 Hz centered at 105 ppm while
hydrogen sweep width was 5006 Hz centered at 5.5 ppm. Number of increments was 256
while number of transient scans per t1 increments was 4. NUS with 50.0% sampling
density and 512 increments in reconstituted data was used.
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Figure 22 'H-'H correlation (COSY) spectrum of prep-TLC isolate #3 (NPPE #9, R¢=

0.25). Spectrum was collected on a 500 MHz Varian Unity Inova spectrometer.

Hydrogen sweep width was 5006 Hz centered at 5.5 ppm. Number of increments was
512 while number of transient scans per tl increments was 2. NUS with 50.0% sampling

density and 512 increments in reconstituted data was used.
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Figure 23 Heteronuclear single quantum correlation (HSQC) spectrum of prep-TLC
isolate #4 (NPPE #9, R¢=0.51). Spectrum was collected on a 500 MHz Varian Unity
Inova spectrometer. Carbon sweep width was 25141 Hz centered at 90 ppm while
hydrogen sweep width was 5006 Hz centered at 5.5 ppm. Number of increments was 128
while number of transient scans per t1 increments was 4. NUS with 37.5% sampling
density and 256 increments in reconstituted data was used.
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Figure 24 Heteronuclear multiple bond correlation (HMBC) spectrum of prep-TLC
isolate #4 (NPPE #9, Rr= 0.51). Spectrum was collected on a 500 MHz Varian Unity
Inova spectrometer. Carbon sweep width was 30166 Hz centered at 105 ppm while
hydrogen sweep width was 5006 Hz centered at 5.5 ppm. Number of increments was 256
while number of transient scans per t1 increments was 4. NUS with 50.0% sampling
density and 512 increments in reconstituted data was used.

66



(wdd) T}

L o | N ™ < n © N~ 0
" L ]
o ® .
8 ‘. *
¢ e\
by
-] [ * [}
I S—— ®
.
< ® o - L
- L ]
== [ ]
et e *
= [ ]
-~ L J
< % s
= [ ]
S
N ! wi

80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0
f2 (ppm)

Figure 25 'H-"H correlation (COSY) spectrum of prep-TLC isolate #4 (NPPE #9, R¢=

0.51). Spectrum was collected on a 500 MHz Varian Unity Inova spectrometer.

Hydrogen sweep width was 5006 Hz centered at 5.5 ppm. Number of increments was
512 while number of transient scans per tl increments was 2. NUS with 50.0% sampling

density and 512 increments in reconstituted data was used.
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