INTRODUCTION

Trinidad and Tobago is home to a wide variety of plants used in tradi-
tional medicine to treat a plethora of diseases. The wood sorrel fami-
ly, Oxalidaceae, comprises 601 recognized species distributed in 6
genera, prevalent in both the tropics and subtropics'. One Oxalida-
ceae genus, Averrhoa, contains 5 well-described species; however,
the edible fruits of only two species, Averrhoa carambola L. (known
as star fruit) and Averrhoa bilimbi L. (known as cucumber tree), are
to date cultivated and studied for their health benefits.

A. bilimbi fruits (ABF), which grow on the tree trunk (Figure 1), were
selected for this study based on the traditional medicinal uses such
as treatment of diabetes mellitus, management of obesity and vari-
ous skin conditions®. While international reports document antimi-
crobial and anticancer activities of ABF’, there is a lack of scientific
validation regarding the chemical composition and biological activi-
ties of ABF from the Neotropical areas such as the Caribbean. This
study aimed to find active compounds responsible for the antibacte-
rial activities of ABF grown locally in Trinidad, using a combination of
chemical and biological techniques.

Figure 1: Averrhoa bilimbi fruits growing in clusters on tree trunks.

METHODS

In this study, fruits (both green and yellow) were harvested from a single, field-grown A. bilimbi tree in the vicinity of St. Augustine (Trinidad) dur-
ing the month of November (rainy season characterized by maximum temperatures 28-32°C). A voucher specimen (TRIN 50539) of the mature
plant was deposited for future reference at the National Herbarium of Trinidad and Tobago (The UWI, St. Augustine, Trinidad).

The overall methodology used for the extract preparation, fractionation and screening for antimicrobial activity is summarized in Figure 2. The
fruits were oven dried, powdered for maceration in methanol (MeOH), filtered and solvent allowed to evaporate. The crude MeOH extract was
further fractionated using solvents of increasing polarity: hexane (hex), dichloromethane (DCM), ethyl acetate (EtOAc) and 1-butanol (but) follow-
ing the procedure by Ebada et al.’ (Figure 3). Antimicrobial activities of all ABF fractions were evaluated in vitro against Gram-positive
(Staphylococcus aureus and Enterococcus faecium) and Gram-negative (Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and Sal-
monella typhimurium) ATCC reference bacteria. These strains were obtained from the Microbiology Research Group at the Department of Life Sci-
ences (DLS), Faculty of Science and Technology (FST), The UWI. The potency of each fraction was assessed by determining the minimum inhibitory
concentration (MIC, the lowest concentration at which there is no visible bacterial growth), and the minimum bactericidal concentration (MBC,
the lowest concentration at which bacteria is killed) using the 96 well microtitre format according to CLSI guidelines®. Ampicillin (Sigma-Aldrich)
and ciprofloxacin (HiMedia) were used as positive controls to monitor the validity and reproducibility of the antimicrobial assays.

The most active fraction was subjected to a preliminary phytochemical screening following the procedures described by Shukla et al.” for alkaloids,
steroids, tannins, carbohydrates, flavonoids and proteins, and Hussain and El-Anssary® for saponins, phenolics and triterpenoids. Subsequently, bi-
oassay-guided fractionation was carried out using silica or Sephadex LH-20 column chromatography (CC) and preparative thin-layer chromatog-
raphy (PTLC). Antibacterial screening against S. aureus and E. coli was performed at every step of the process to help prioritize subsequent purifi-
cation and separation. Fractions with similar PTLC profiles and ability to inhibit microbial growth were pooled and separated further. The efficiency
of the purification was confirmed by analytical TLC. Retention factor (Rf) values, characteristic of the mobility of the organic compound and calcu-
lated as the relative distance travelled by a particular compound with respect to the mobile phase, were determined to help identify the pure
compounds.

Extract preparation and fractionation
Crude Methanol Extract
hexane—> dichloromethane—>ethyl acetate= 1-butanol

MIC and MBC Determination

100 mg/mL extract dissolved in 10% DMSO tested against
Gram + and Gram - ATCC strains using CLSI guidelines

Phytochemical Screening & Bioassay-Guided Fractionation
Phytochemical classes screening of 10mg/mL ABFbut
Separation using CC and PTLC

Antibacterial screening of 1mg/mL fractions to identify
antibacterial subfractions for further separation

Figure 2: General methodology for extract preparation, fractionation and screening for antimicrobial activity.

RESULTS
— Table 1: Minimum inhibitory concentrations (MICs) and Minimum bactericidal concentrations (MBCs) of solvent fractions of
(1kg) the crude methanol extract of Averrhoa bilimbi fruits against reference strains Gram-positive and Gram-negative bacteria
Extracted with MeOH (3 x 1L)
e o) S. aureus E. faecium E. coli K. pneumoniae P. aeruginosa S. typhimurium
Extracted with hexane (3 x 100mL) Extract/ ATCC 12600 ATCC 19434 ATCC 35218 ATCC 49474  ATCC 27853 ATCC 14028
Evaporate 50|ventl FI‘aCtiOI’l
hex solubles Extracted with dichloromethane (3 x 100mL)
(0.404 g) MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
Evaporate solvent l
DC{E;;;U;IES Extracted with ethyl acetate (3 x 100mL) ABFMGOH 25 25 12.5 25 25 25 12. 5 25 12. 5 25 12.5 25
Fvaporate solvent | ABFhex 50 50 50 50 50 50 50 50 25 50 25 25
Etcig;SDCE:UETIES Extracted with 1-butanol (3 x 100mL)
on] | ABFDCM 25 50 25 50 25 50 50 50 25 50 25 >50
Evaporate solvent
but solubles MeOH solubles
(8.657 g) (13.010 g) ABFEtOAC 12.5 25 25 25 12.5 25 12.5 12.5 12.5 12.5 25 50
Figure 3: Fractionation of crude methanol extract of Averrhoa bilimbi fruits using sol- ABFbut 6.25 25 3.13 25 6.25 | 12.5 | 6.25 12.5 3.13 | 12.5 6.25 6.25
vents of increasing polarity: hexane (hex), dichloromethane (DCM), ethyl acetate *Data are presented as [mg/mL]
(EtOAc) and 1-butanol (but). Masses of the dry solvent fractions after solvent evapo-
ration are shown in brackets.
8o butanol
fraction
a |Silica CC
Fla F2a F3a Fda Foa Fba F7a F8a F9a
| b [Silica Clc d|Sephadex CC
Flb F2b F3b Fab FSb Feb F7b Fab F9b F10b F11b F12b F13b F1d F2d Fad
PTLC e |PTLC
Flc F2c Fac Fdc F5¢C Foe Fle Fle Fle Fde

Figure 4: Bioassay-guided fractionation of 1-butanol fraction of Averrhoa bilimbi fruits. Fractions were numbered according to the order of elution and the letter indicated the solvent systems used: a) 7DCM:

3MeOH gradient elution to 100% MeOH; b) 7DCM: 3EtOAc: 4MeOH; c) 5EtOAc: 4MeOH: 1H,0; d) 8EtOAc: 2H,0; e) 5EtOAc: 5 acetone: 1MeOH: 1H,0. Fractions with antimicrobial activity (shaded) were
pooled and separated further. Fractions F5a and F6a, although antimicrobial, were not processed further since the activity was most likely attributed to oxalic acid (white, needle-like crystals, acidic pH~3).

Fractions F5c and Fle were analyzed by analytical TLC.

Table 2: Classes of bioactive compounds present in 1-butanol fraction of Averrhoa bilimbi

fruits
| Folin Phenolics +
Flavonoids +
Tannins *
Allaloids +
m Carbohydrates +
| Foam saponins -
| salkowski steroids -
Proteins/ amino acids =

TCA

* test-specific reagents used for each class of compounds as described by Shukla et al.”
and Hussain and EI-Anssary6.
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+/- indicates presence/absence of compounds respectively
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tone: 1MeOH: 1H,0 (Rf = 0.3).

Figure 5: Compounds A and B confirmed as single spots by analytical TLC in fractions F5c and Fle respectively. The
solvent systems used were: Compound A - 5EtOAc: 4MeOH: 1H,0 (Rf =0.8) and Compound B - 5EtOAc: 5 ace-
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SUMMARY

. All solvent fractions of the crude methanol extract from Averrhoa bilimbi fruits (ABF) displayed var-

ying degrees of antibacterial activity.

. The 1-butanol ABF fraction (ABFbut) was confirmed to be:

o the most potent one against all tested ATCC reference strains bacteria (MICs in the range 3.125
—6.25 mg/mL);

» bactericidal (MBC < 4 x MIC) towards all bacterial strains except E. faecium (MBC ~ 8x MIC);

o broad-spectrum, inhibiting both Gram-positive and Gram-negative bacteria.

. Preliminary phytochemical screening revealed the presence of phenolics, flavonoids, tannins, alka-

loids and carbohydrates in the ABFbut. These classes of compounds have been previously found to
have antimicrobial activities.

. Subsequent bioassay-guided fractionation of the ABFbut was carried out based on:

o sufficient mass of the material to be assayed (>10 mg);

o appropriate solvent system;

o demonstrated antimicrobial activity against S. aureus and E. coli;
o purity of the fraction confirmed by TLC.

. Two antimicrobial compounds were confirmed as single spots by analytical TLC: compound A

(yellow, crystalline solid) - a flavonoid, and compound B (brown, amorphous solid) - an alkaloid.

CONCLUSIONS AND FUTURE WORK

A. bilimbi fruits are a source of antibacterial compounds with pharmacological potential. Further
studies are warranted to elucidate the structures of the two pure active compounds A and B, using
IR, 1D and 2D NMR techniques, and to determine their MICs and MBCs against reference bacterial
strains and multidrug resistant clinical isolates. Additional studies on safety, mechanism of action and
in vivo activities of the active compounds A and B would be required to realize their pharmaceutical
applications. It is anticipated that this study would promote the wider usage of the edible A. bilimbi
fruits in Trinidad and Tobago, thus addressing the Sustainable Development Goal 3 to promote good
health and wellbeing. This research also contributes to the field of natural products and pharmacog-
nosy in the country.
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