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Abstract: The in vivo hepatoprotective potential of methanolic extract of Ceasalpinia bonduc (CBLM) has been
explored against carbon tetrachloride (CCl,) induced acute liver injury in rats. Treatment of plant extract on CCl,
intoxicated liver significantly reduced the hepatoxicity, along with serum enzymes GPT and GOT. To explore the
chemical constituents from CBLM extract, it was fractionated into non-polar to moderately polar fractions (CBLM-H,
CBLM-HEt, CBLM-Et, CBLM-EtM, CBLM-M) and subjected to GC/GC-MS analysis. Altogether twenty seven (~71%)
phytochemicals were identified from different fractions by using Electronic Mass Spectral Library GC-MS (NIST 20).
Out of which twenty one are first time reported from Ceasalpinia bonduc, fourteen from genus Caesalpinia and ten from
family Fabaceae. The identified phytochemicals 2-ethyl-2-hydroxy-1,3-dimethylcyclopentanecarboxylic acid, ethyl ester
(21) and 1,3,5-triazine-2,4-diamine,6-hydroxy-N,N-dicyclohexyl (23) are first time identified as plant metabolites. To
explore the antimicrobial potential four strains of Gram-positive and eight strains of Gram-negative bacteria were used
along with pure cultures of five saprophytic fungus (molds) and two strains of yeast were utilized. CBLM-H and CBLM-
HEt were exhibited praiseworthy antimicrobial potential. CBLM-H showed complete growth inhibition of P. mirabilis
and V. cholerae at the concentration of 0.1pug/mL while CBLM-HEt at 0.05ug/mL halted the growth of S. aureus.

Keywords: Serum GPT and GOT activities, immunomodulatory activity, toxicity, antimicrobial activity, GC/GCMS
analysis.

progressive decline in the function of immune system
(Sreelatha et al., 2009). The present study explored the
hepatoprotective potential of the methanolic extract of

INTRODUCTION

Hepatotoxicity is one of the most lethal diseases with a

staggering figure of 550 million people in world. In
developing countries more people are suffering from
hepatitis, while in Pakistan nearly 35 million people are
supposed to be infected with hepatitis (Ali et al., 2014).
Long term use of drugs and contact with environmental
toxins e.g., carbon tetrachloride, paracetamol, alcohol,
thioacetamide, etc. causes hepatitis along with its
different types of complications like cirrhosis or liver
cancer (Sreelatha et al., 2009). These toxicants causes the
production of reactive oxygen species (ROS) which have
that ability to bind with polyunsaturated fatty acids along
with the formation of different types of radicals for lipid
peroxide, resulting in cell membrane damage and
variations in activity of enzymes (Weber et al., 2003), and
subsequently induce hepatic injury, inflammation,
necrosis (cell death caused by loss of membrane) and
apoptosis (programmed cell death) (Lin ez al., 2009). Free
radicals scavenging by antioxidants can decrease liver
tissues fibrosis but it is also a responsible factor in a

*Corresponding author: e-mail: mali.versiani@fuuast.edu.pk

leave of Ceasalpinia bonduc against carbon tetrachloride
(CCly) induced hepatoxicity in rats because CCly-induced
liver injury are quite similar to acute viral hepatitis (Ali et
al.,2014). C. bonduc (Linn) (Syn. C. bonducella) belongs
to the family Fabaceae and 15 species of this genus
caesalpinia have been heavily researched due to their
folklore importance and bioactivities in which C. bonduc
is one of them (Jing et al., 2019). C. bonduc are used
traditionally for the treatment of diabetes, asthma,
intermittent fever, skin diseases, convulsion, placenta
removal, and mellitus along with it contains various
biological activities such as antimalarial (Sundaryono et
al., 2021), anti-inflammatory (Liu ef al., 2021) antitumor,
antioxidant, anthelmintic, insecticidal, antibacterial,
antidiarrheal and cytotoxic activities (Agbo ef al., 2015).
Previously, hepatoprotective potential of hydro alcoholic
and petroleum ether leaves extract against carbon
tetrachloride induced hepatotoxicity were reported and
hydro alcoholic  extract possesses a  marked
hepatoprotective action (Raghuveer et al., 2013, Sindete
et al., 2021). The hepatoprotective effect of methanolic
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extract of C. bonducella was also reported by means of
paracetamol induced liver damage in rats (Gupta et al.,
2003). Due to the potential hepatoprotective property in
the present study the hepatoprotective activity of
methanolic extract of leaves of C. bonduc was performed
against carbon tetrachloride (CCly) induced acute liver
injury in rats, explored the immunomodulatory activity
and cytotoxicity against embryo fibroblast (3T3) and
Mard in-Darby Bovine Kidney (MDBK) cell lines.
Phytochemical investigation leads to the identification of
twenty seven (~71%) phytochemicals from different
fractions of methanolic extract through GC/GCMS
analysis and also evaluated the antimicrobial activity of
these fractions.

MATERIALS AND METHODS

From commercial sources reagent grade solvents and
chemicals have been purchased for this assay. Methanol,
petroleum ether, ethyl acetate and acetone were purchased
from Merck (Pvt.) Limited (Dramstadt, Germany). Fresh
young leaves of C. bonduc were collected in February,
2013 from the nursery of University of Karachi, Pakistan.
Professor Dr. Anjum Perveen (Taxanomist), Department
of Botany, University of Karachi, Pakistan identified the
species and voucher specimen (Number KUH-86548) has
been deposited at the herbarium of same department.
Fresh young leaves (60g) of C. bonduc were socked in
methanol and obtained thick gummy liquid of CBLM
extract (5.96g). The CBLM extract (3.66g) was further
fractionated into five different fractions by using hexane
(CBLM-H, 0.003g), hexane: ethyl acetate (1:1) (CBLM-
HEt, 0.017g), ethyl acetate (CBLM-Et, 0.26g), ethyl
acetate: methanol (1:1) (CBLM-EtM, 0.67g) and
methanol (CBLM-M, 1.26g). CBLM extract were
screened for hepatoprotective potential and their fractions
(CBLM-H, CBLM-HEt, CBLM-Et CBLM-EtM and
CBLM-M) were screened for antimicrobial (antibacterial,
antifungal) activity and subjected to their GC/GC-MS
analysis. GC-MS (Gas-chromatography-mass
spectrometry) on Jeol (Japan) JMS 60H has been recorded
by using acquisition of triple quadrupole (GCMS TQQQ).
TQQQ working mode is EI with the ionizing potential
value of 70eV. Column specifications are Agilent
USB393752HHP-5MS (30mx250umx0.25um) while He
is used as a carrier gas with the maintained pressure of
9.7853 psi. Jeol (Japan) IMS 60H column ZB-5 having
El mode with the ionizing potential value of 70eV,
Phenomex (USA), Temperature of the column was tried
to keep from 50 to 250°C in both cases by gradually
increased with the rate of 5°C. Electronic Mass Spectral
Library GC-MS (NIST 20) was helped out in solving the
mass spectrum. JMS HX-110 has been used for EIMS.
The methanolic extract (CBLM) was checked for
hepatoprotective potential in carbon tetrachloride (CCly)-
induced hepatotoxicity in Wistar rats along with its
immunomodulatory activity on whole blood phagocytes,
ROS production and cytotoxicity using two different cell

lines i.e. embryo fibroblast cell line (3T3) and Mard in-
Darby Bovine Kidney cell line (MDBK). Methanolic
extract of C. bonduc (CBLM, 1.1 g) dissolved in 2ml
distilled water by vigorous shaking before administration
to rats. The extract was dissolved almost completely in
water. Twenty male Wistar rats (220-250g) were divided
into 4 groups:

Group I: Control rats

Group II: CCly-treated rats

Group III: (CCl,;+#CBLM)-treated rats

Group IV: CBLM-treated rats

Group I was received olive oil only (1.5mL/kg body
weight, b.w). Group II rats were treated with 20% CCl,
(1.5mL/kg b.w) dissolved in olive oil. Group III rats were
given CBLM extract (1g/kg b.w) 30 minutes before 20%
CCly treatment. Group IV rats were treated with CBLM
extract (lg/kg b.w) only. All rats were received their
respective treatments orally. After 24 hours of different
treatment, all rats were anesthetized by intraperitoneal
injection of pentobarbital sodium (60mg/kg b.w) and were
sacrificed. Blood samples were collected via renal portal
vein of rats and centrifuged at 5000 rpm for 10min for
serum separation. Serum glutamate pyruvate transaminase
(GPT), glutamate oxaloacetate transanunase (GOT) and
creatinine levels were measured by standard techniques
using the Reflotron® Plus Dry Chemistry Analyzer
(Roche Diagnostics). The extract CBLM has been tested
for its immunomodulatory activity on whole blood
phagocytes, ROS production and cytotoxicity using two
different cell lines i.e. embryo fibroblast cell line (3T3)
and Mard in-Darby Bovine Kidney cell line (MDBK).
Adult Wistar rats (220-250g) were injected
intraperitoneally with 50% CCl, in olive oil. C. bonduc
was orally administered before CCl, treatment in Wistar
rats. Twenty-four hours after CCl, injection, serum GPT
and GOT activities, and histological changes of liver were
examined. For oxidation burst ROS production, Luminol
enhanced chemiluminescence assay was applied as
describe by Helfand (Helfand et al., 1982). For acute
toxicity single dose of CBLM extract (1g/Kg) orally (n
=3) and i.p. (n-3) as well as multiple dose administered
orally (n=2) and intraperitoneally (i.p.) (n=2) for seven
days. Pure cultures of four Gram-positive bacteria i.e.
Staphylococcus aureus, Staphylococcus epidermidis,
Micrococcus luteus, Bacillus subtilis and eight strains of
Gram-negative bacteria i.e. Pseudomonas aeruginosa,
Enterococcus spp, Escherichia coli, Vibrio cholerae,
Klebsiella spp, Proteus mirabilis, Acinetobacer spp and
Salmonella typhi were used as indicator strains to explore
antibacterial nature of the fractions. stadied. Pure cultures
of five saprophytic fungus (molds) i.e. Aspergillus
terreus,  Aspergillus  niger,  Aspergillus  flavus,
Trichophyton spp, Penciillium spp. and two strains of
yeast fungus namely Candida albicans and Candida
tropicalis were also obtained to verify the antifungal
effects of test compound. Nutrient broth (Oxoid) and
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Sabouraud’s dextrose broth (Oxoid) were used as growth
medium for bacteria and fungi, respectively. Technical
agar (Oxoid) was also added as solidifying agent, when
necessary in the experiment. All of the test strains were
revived, sub cultured into their respective broth medium
(i.e. Nutrient agar or Sabouraud’s dextrose agar medium)
and incubated for one hour at 37°C. After completion of
incubation period, the turbidity of inoculated culture tubes
was adjusted as per 0.5 McFarland standards (10°
CFU/mL). The lawn of indicator strains was prepared on
to the surface of respective agar medium with the help of
pre-autoclaved cotton swabs under aseptic conditions.
Wells (diameter = 6 mm were cut in the agar medium
with the help of sterile cork-borer and filled with 100uL
of the test samples, ethyl acetate and methanol (negative
control) as well as chloramphenicol or nystatin (positive
control). The plates were incubated for 24h at 37°C and
168h at 28°C for bacterial and fungal growth, respectively.
Following that, diameter of growth inhibition haloes (area
where indicator microorganism unable to grow due to
susceptibility to the compounds present in sample) around
the wells were observed and recorded in millimetre. The
fractions exhibiting persuasive antimicrobial outcome
were serially diluted in sterile nutrient broth. All the
dilutions were inoculated with ImL of the broth
suspension of test bacteria and incubated overnight at
37°C. All the tubes were examined for the turbidity of the
medium that indicate existence of bacteria in medium.

ETHICAL APPROVAL

The animal studies were conducted according to the ethical
guidelines provided by Association for Assessment and
Accreditation of Laboratory Animal Care International (AAALAC)
and approved by Institutional Animal Care and Use Committee at
the International Center of Chemical and Biological Sciences
(ICCBS), University of Karachi, Pakistan.

RESULTS

Serum GPT and GOT activities significantly decreased in
C. bonduc pre-treatment rats. CCly-induced group showed
moderate inflammation around the central vein and
vacuolar degeneration. Treatment of plant extract at 1
g/kg, reduced the severity of CCly-induced liver
intoxication. The extract-treated group showed mild
inflammation around the central vein, moderate vacuolar
degeneration and very minimal periportal inflammation
(fig. 1). Results from the histological studies (fig. 2) were
in agreement with the measured activities of serum
enzymes.

Control group morphologically showed normal liver
architecture in the form of hepatocytes, portal tract and
central vein with no inflammation or any damage to liver
tissues. However, CCly-induced group showed moderate
inflammation around the central vein, moderate vacuolar
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degeneration and mild periportal inflammation. Treatment
of plant extract at 1g/kg, reduced the severity of CCly-
induced liver intoxication. The extract-treated group
showed mild inflammation around the central vein,
moderate vacuolar degeneration and very minimal
periportal inflammation.
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Fig. 1: Serum GPT and GOT levels in control, CCly-
treated and CBLM-treated rats (n=5 rats per group).
Values shown are mean = SEM *p<0.001 compared with
control, p<0.001 compare with CCl,-treated rats.
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Fig. 2: Photomicrography of liver section of rats, H&E
stains, magnification, 4x.

Therefore, it may be concluded that plant extract has a
role on protection of inflammation and vacuolar
degeneration. For the determination of acute toxicity
single dose of CBLM extract (1g/kg) orally (n=3) and
intraperitoneally (i.p.)(n-3) as well as multiple dose
administered orally (n=2) and i.p. (n=2) for seven days
but no behavioural changes or mortality occurred in rats.
The tested extract did not show any inhibition on
oxidative burst ROS production when tested on whole
blood phagocytes after serum opsinized zymosan
activation. In addition to this when studied for its effect
on 3T3 and MDBK cell lines no any toxicity was
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Fig. 3: Structure of the compounds identified through GC/GCMS

observed up to 200pg/mL. Methanolic extract (CBLM)
and their all fractions were screened for antimicrobial
(antibacterial, antifungal) potential.

For antibacterial potential four stain of Gram-positive
bacteria and eight strains of Gram-negative bacteria were
used (table 1). For antifungal activity five saprophytic
fungus (molds) and two strains of yeast fungus were used
(table 2).

CBLM-H showed potent activity as compare to the
standard drug chloramphenicol against Bacillus subtilis,
Staphylococcus aureus, Staphylococcus epidermidis and
Micrococcus luteus with zone of inhibitions 41.60+2.05,
44.30+2.86, 31.00+0.81 and 34.60+1.24 respectively. It
was also found to be potent against Gram negative
Salmonella typhi, Pseudomonas aeruginosa, Escherichia
coli, Proteus mirabilis, Enterococcus Spp, Acinetobacer
Spp. and Vibrio cholerae  with zone of inhibition
45.60+2.49, 33.66+1.88, 43.60+1.24, 50.00+0.81,
31.33+1.24, 37.60+3.39, 43.60+2.62. CBLM-HEt showed
zone of inhibition 54.304+0.94, 54.00+2.16, 41.30+2.05
and 37.00+0.81 against Bacillus subtilis, Staphylococcus
aureus, Staphylococcus epidermidis and Micrococcus
luteus respectively. It was also showed potency against
Gram negative Salmonella typhi, Klebsiella pneumoniae,

Pseudomonas aeruginosa, Escherichia coli, Proteus
mirabilis, Enterococcus spp, Acinetobacer spp and Vibrio
cholerae with zone of inhibition 41.60+2.05, 36.00+2.16,
47.00+0.94, 33.60+ 2.62, 43.00+£0.81, 38.60£1.69,
39.00+0.81 and 44.30+2.86 respectively (table 1). The
findings of antimicrobial assay clearly revealed that
extracts CBLM-H and CBLM-HEt were found highly
active against Gram positive strains i.e. Bacillus subtilis
(recognized spore former bacteria), Micrococcus luteus (a
prevailing normal flora of human skin). However,
Staphylococcus aureus and Staphylococcus epidermidis,
prevailing normal flora of human skin as well as
dominant nosocomial pathogens, were identified as the
most vulnerable to CBLM-HEt. The moderate polar
fractions CBLM-Et, CBLM-EtM, CBLM-M do not show
any activity against these bacteria. CBLM-H showed
complete growth inhibition of P. mirabilis and V.
cholerae at the concentration of 0.1pg/ml, whereas
CBLM-HEt at 0.05pg/ml halted the growth of S. aureus.
In antifungal activity (table 2) CBLM-H exposed
inhibition against Aspergillus niger, Aspergillus flavus,
Trichophyton spp, Aspergillus terreus with zone of
inhibitions 17.60+1.88, 19.00+£1.41, 31.00+2.41,
24.30+£3.29 and two strains of yeast Candida tropicalis
and Candida albicans are 25.30+2.49 and 24.00+1.63
respectively.
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Table 1: Antibacterial activity of extracts and fractions of young leaves of C. Bonduc.

Farah Naz et al

Diameter of zone of growth inhibition of test bacterial strains, mm+SD
CBLM CBLM-H CBLM-HEt | Ethyl acetate Methanol Chloramphenicol

Gram positive

Bacillus subtilis | - 41.60+2.05 54.30+0.94 33.60£0.94 | @ -------- 39.60+1.24
Staphylococcus aureus | ---—-——- 44.30+2.86 54.00+2.16 33.60+0.94 23.60+1.24 27.30+0.47
Staphylococcus epidermidis | =~ -------- 31.00+0.81 41.30+2.05 4530+£1.15 | - 24.30+1.69
Micrococcus Luteus | -m---—m- 34.60+1.24 37.00+£0.81 | = ---m-me- 25.60+2.62 36.00+0.81
Gram negative

Salmonella typhi | - 45.60+2.49 41.60+2.05 34.00+1.41 29.60+2.35 41.00+0.81
Klebsiella Spp. 36.00£2.16 453042.05 | @ - 34.30+2.49
Pseudomonas areuginosa | = -------- 33.66+1.88 47.00+£0.94 33.00£2.80 |  -------- 16.30+1.69
E.coli 18.00+£0.00 | 43.60+1.24 33.60+2.62 33.60£2.49 | - 35.50+0.94
Proteus mirabilis | -m-mee- 50.00+0.81 43.00+0.81 33.60+ 0.94 34.00+1.41 35.00+2.49
Enterococcus Spp. 17.00+0.81 | 31.30+1.24 38.6+1.69 33.00+1.41 25.00+2.49 24.60+2.05
Acinetobacter Spp. | -----m-- 37.60+3.39 39.00+0.81 33.30+€1.24 | - 33.00+2.16
Vibrio cholerae 16.60+2.05 | 24.00+1.63 44.30+2.86 33.00+1.41 22.60+1.69 33.30+1.24

Table 2: Antifungal activity of extracts and fractions of young leaves of C. Bonduc.

Diameterof zone of growth inhibition of test fungal strains, mm +SD
CBLM-H CBLM-HEt CBLM-M Ethyl acetate Methanol Nystatin
Aspergillus niger 17.60+£1.88 |  -------- | ememeeee 19.60+1.24 | = -----—-- 23.00+1.41
Aspergillus flavus | - 24.00+0.81 | = -------- 20.30+1.24 21.30+0.47 25.30+1.69
Trichophyton Spp. 33.66+1.88 31.00+£1.24 | ------- 24.30+1.69 22.30+0.47 24.30+2.05
Aspergillus terreus 43.60+1.24 25.00+2.44 17.00+0.94 17.00+0.81 18.00+0.00 25.00+2.44
Peniciillium Spp. | === | mmemeeee | mmemeee | e | e 26.00+2.94
Candida tropicalis 31.33+1.24 25304249 | - 19.30+0.94 18.00+2.16 22.00+0.81
Candida albicans 24.00+1.63 18.30£1.69 | = --—--—-—-- 36.30+1.24 16.60+2.05 26.30+1.88
CBLM, CBLM-Et and CBLM-EtM did not show any zone of inhibition
Table 3: Chemical constituents of fractions identified through GC/GC-MS.
Retentlgn Name of identified phytochemicals Molecular Molecular Class of compound Fraction
time (min) formula mass
. Unsaturated CBLM-H
- Cr1H ’
44.362 10-Heneicosene (1) 21H42 294 Hydrocarbon CBLM.Et
44545 | Sulfurous acid, butyl dodecylester (2) | ¢ ch34038 306 | Sulphurous acid CBLM-H
C e abe H . CBLM-H,
44.889 Acetic acid n-octadecyl ester (3) C20H4002 312 Fatty acid esters CBLM-Et
Methyl 9,10-methylene -octadecanoate CraH2<O Unsaturated
44.970 (Sterculic) (4) abe 20113842 310 fatty acid esters CBLM-H
47.086 Nonadecane (5) C19Hyg 268 Saturated Hydrocarbon | CBLM-H
48.894 2-Hexyl-1-decanol (6) *° C16H340 242 Long chain alcohol CBLM-H
48.982 7-Hexyl- eicosane (7) *>* CoeHsg 366 Saturated Hydrocarbon | CBLM-H
Long chain unsaturated | CBLM-H
e ab,c C1cH20O g )
49.802 (Z)-7-Hexadecenal (8) 16830 238 aldehyde CBLM-Et
50.564 Heptacosane (9) Co7Hs6 380 Saturated Hydrocarbon | CBLM-H
Hexadecanoic acid, 2-methylpropyl ester CraH0O . CBLM-H,
30.622 (isobutyl palmitate) (10) *>* 2074072 312 Fatty acid esters CBLM-HEt
CBLM-H,
. L CBLM-HEt,
51.296 l’f'ffgﬁenedlc?rb}?t’lﬁll; a)“?l’ S‘FOO“-‘/I Co4H3804 390 Plasticizer CBLM-Et,
este sooctyl p € CBLM-EM,
CBLM-M
Continue...
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53.163 9-Ethyl-9-n-heptyloctadecane (12)*° Cy7H356 380 Saturated Hydrocarbon | CBLM-H
Terephthalic acid, di(2-ethylhexyl) ester CraH220. .
53.741 (Bis(2-cthylhexyl) phthalate ) (13)* 2413804 390 Plasticizer CBLM-H
54.298 Unidentified - 498 - CBLM-H
55.345 3-Ethyl- 5-(2-ethylbutyl)octadecane (14) * CreHs4 366 Saturated hydrocarbon | CBLM-H
57.249 Unidentified - 498 - CBLM-H
1,1'-[1,3-Propanediylbis(oxy)]bis C20HnO Long chain ether
57309 | "t deeane (15) 39Hg002 580 CBLM-H
(E)-5-Eicosene (16)*° ConH Unsaturated i
44.369 20540 280 hydrocarbon CBLM-HEt
44.545 2-Butyl-1-octanol (17) * C12H760 186 Long chain alcohol CBLM-HEt
Acetic acid, n-octadecyl ester .
’ . CooH400 -
44,882 (n-Octadecyl ethanoate) (18) *>¢ 20H4002 312 Fatty acid esters CBLM-HEt
10-Nonadecenoic acid, methyl ester (19) CooH3802 Unsaturated fatty acid CBLM-HEt,
44.970 ab 310
esters CBLM-Et
1-Monolinoleoylgl 1 trimethylsilyl Cp7H5404Si
53.756 cth ero?gol)r;}o CoyIgIyeerol IHMEtyIsty 27 ;4 451 498 Organic silicon CBLM-HEt
57.769 Unidentified - 415 - CBLM-HEt
64.820 Unidentified - 662 - CBLM-HEt
05.958 Unidentified - 174 - CBLM-Et
06.273 Unidentified - 132 - CBLM-Et
07.210 Unidentified - 56 - CBLM-Et
2-Ethyl-2-hydroxy-1,3-
23.026 dimethylcyclopentanecarboxylic acid, C12H2203 214 Fatty acid esters CBLM-Et
ethyl ester (21)*°°
Unidentified CBLM-Et,
23.340 - 194 - CBLM-M
2-Propenoic acid, 3-(4-hydroxyphenyl)-,
23.685 methyl ester (Methyl 4- C10H1003 178 Fatty acid esters CBLM-Et
hydroxycinnamate ) (22) *°
1,3,5-Triazine-2,4-diamine, 6-hydroxy- C15Hr<N<O Nitrogen containing
24.746 N,N-dicyclohexyl (23) *°* 1552575 291 compound CBLM-Et
32.266 n-Hexadecanoic acid (24) C16H3202 256 Free fatty acid CBLM-Et
47725 2-Hexadecanol (25) C16H340 242 Long chain alchol CBLM-Et
48989 7-Methy-z-tetradecen-1-ol acetate (26) C17H340 268 ‘Igjsrtles:turated fatty acid CBLM-Et
Hexadecanoic acid, 1-
50.629 (hydroxymethyl) C35H6g805 568 Fatty acid esters CBLM-Et
-1,2-ethanediyl ester (27)
53.741 Unidentified - - - CBLM-Et
57.249 Unidentified - - - CBLM-Et
57.717 Unidentified - - - CBLM-Et

2 = New from C. bonduc; ®=New from genus Caesalpinia; ¢ = New from Fabaceae.

CBLM-HEt exhibited zone of inhibition 24.00+0.81,
31.00£1.24, 25.00+2.44, 25.3042.49 and 18.30+1.69
against Aspergillus flavus, Trichophyton spp, Aspergillus
terreus, Candida tropicalis and Candida albicans
respectively. CBLM-HEt found potent against
Trichophyton spp and Candida tropicalis as compare to
the standard drug nystatin. The fractions CBLM-Et,
CBLM-EtM and CBLM-M did not show antifungal
potential. Methanolic extract (CBLM) fractionated into
non polar to moderately polar fractions (CBLM-H,
CBLM-HEt, CBLM-Et, CBLM-EtM, CBLM-M) and
subjected to GC/GC-MS analysis. Altogether twenty
seven (~71%) phytochemicals were identified from
different fractions (table 3, fig. 3). Individually, total
identified phytochemicals in CBLM-H, CBLM-HEt,

CBLM-Et, CBLM-EtM and CBLM-M were fifteen,
seven, twelve, one, and one respectively. These included
six fatty acid esters (3, 10, 18, 21, 22 and 27), three
unsaturated fatty acid esters (4, 19 and 26), five saturated
hydrocarbon (5, 7, 9, 12 and 14) and two unsaturated
hydrocarbon (1 and 16), three long chain alcohol (6, 17
and 25), two plasticizer (11 and 13), a free fatty acid
(24), an unsaturated long chain aldehyde (8), a long chain
ether (15), sulphurous acid (2), organic silicon (20) and
nitrogen containing compound (23). Twenty one (21)
identified metabolites are first report from the C. bonduc,
fourteen (14) are the first from the Caesalpinia and ten
(10) from Fabaceae. Compounds 2-ethyl-2-hydroxy-1,3-
dimethylcyclopentanecarboxylic acid, ethyl ester (21),
1,3,5-triazine-2,4-diamine, 6-hydroxy-N,N-dicyclohexyl
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(23) are first time identified as plant metabolite using
electronic mass spectral library GC-MS (NIST 20) (table
3).

DISCUSSION

In literature many identified compound from this extract
have vital biological activities which may be responsible
for the hepatoprotective and antimicrobial potential.
Sterculic acid (4) is used as an anti-parasite drug in
traditional chinese medicine and methyl esters of sterculic
acid possessed parasiticidal activities against the asexual
blood stage of plasmodium falciparum and inhibit the
growth of toxoplasma gondii tachyzoites in vitro (Hao et
al., 2016). Methyl sterculate, a cyclopropenoid fatty acid
ester capable of stimulating hepatocytes in the rat to
divide, was modified chemically by hydrogenation,
halogenation and polymerization. These compounds were
administered to rats and tested for their mitogenic effect.
(Scarpelli, 1974). Hepatocytes, the major parenchymal
cells in the liver which play pivotal roles in metabolism,
detoxification, and protein synthesis (Zhou et al., 2016).
Nonadecane (5) have both antioxidant and antidiabetic
potentials (Senarath et al., 2018). Nonadecane (5) also
contain insecticidal potential (Chavan. 1984). (2)-7-
Hexadecenal (8) exhibits antifungal, antibacterial, and
antiviral activity (Devakumar, et al., 2017). Heptacosane
(9), nonacosane, tricosane, pentadecane possess
antibacterial activity (Konovalova, et al., 2013). Fatty
acid esters possess adjuvant activity and its chain length
and degree of unsaturation has noteworthy effect on it. It
is observed when the acyl chain length of the fatty acid
component was 16 or greater its activity increases.
Isobutyl and isopropyl esters of palmitic acid adjuvant
activity were superior to ethyl ester of palmitic acid. The
ethyl esters of oleic (c 18: 1) and linoleic (c 18:2) acids
were better than stearic (¢ 18: 0) (Bomford. 1981).
Palmitic acid (24) and iso-butyl palmitate has been tested
for hepatoprotective potential against D-galactosamine
and results display that these compounds protected
hepatocytes from being damaged by galactosamine and
reduced the toxicity by 2 to 12 times with respect to 26
times by silymarin and exhibited significant
hepatoprotective potential (Saxena et al., 2007). Bis(2-
ethylhexyl)phthalate (DEHP) (13) display potent dose
dependent anti-tumour activity against ehrlich ascites
carcinoma cells (eac) in Swiss albino mice (Habib et al.,
2012). 2-Ethylhexyl tetradecyl ester (13), di(2-
propylpentyl) phthalate, 9-(2',2'-
dimethylpropanoilhydrazono)-3,6-dichloro-2,7-bis-[2-

(diethylamino)- ethoxy] fluorine) and dodecyl 2-
ethylhexyl terephthalate have individual and synergistic
activity against Gram negative (E£. coli), Gram-positive
(B. subtilis) and (4. flavus) at 10, 5, 2.5 and 1.25g/mL
(Osuntokun et al., 2019). Heptacosane, nonacosane,
tricosane, pentadecane exhibited antibacterial activity
(Konavaloval, et al, 2013). 9-Ethyl-9-n-
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heptyloctadecane (12) possesses anti-tumor, nematicidal
and neurogenic activities (Jim duke, 1998). 3-Ethyl-5-(2-
ethylbutyl)-octadecane (14) are effective antimicrobial
and antifungal agents (Amudha et al., 2018). Eicosane
(16) are reported as the main constituents in the Aloe vera
extract responsible for high antimicrobial activity against
clinical pathogens (Yogeswari et al., 2012). 5-Eicosene
(16) has anticancer, antitumor, antidote, estrogenic,
trypsin enhancer, memory enhancer, fertility enhancing
and estrogenic activities (Jim duke, 1998). 1-
Monolinoleoylglycerol trimethylsilyl ether (20) is the
common compound in the roots of Pistia stratiotes and
Eichhornia crassipes shows many biological activities
such as antiarthritic, anticancer, hepatoprotective,
antimicrobial, antiasthma, diuretic, antioxidant, anti-
inflammatory and anti-diabetic (Tyagi et al., 2017) and
antifouling activities (Meenakshi et al., 2012). p-
Hydroxycinnamic acid possess anti-malarial and cytokine
modulating activities and its derivative methyl 4-
hydroxycinnamate (22) modulates inflammatory cytokine
levels in malaria-infected mice through inhibition of
gsk3B (Sudi et al., 2018) along with potential chemo-
preventive activity (Trachtenberg et al., 2019).
Antimicrobial potential are interrelated with lipophilic
properties of various compound, e.g., the recommended
trend of antimicrobial property compared to several
phytochemicals is phenols >aldehydes >ketones >alcohols
>esters >hydrocarbons. Even the length of carbon chain
has worthy effect on antibacterial activity (Bendiabdellah
et al., 2013). Change in length in carbon chain, existence
of double bond and even its position have prominent
effects on antibacterial potency (Furtado et al., 2014).
Many hydrocarbons have testified antimicrobial property
and fatty acids along with their esters are used in food
additives as antimicrobial agents (Zhang et al., 2013).
Aliphatic alcohols possess strong-to-moderate potency
against numerous bacteria and the activity depends upon
the length of the carbon chain (Bendiabdellah et al.,
2013). The presence and even the relative position of the
hydroxyl group in aromatic moiety have a worthy effect
on activity of that compound (Badawy et al., 2019).

CONCLUSION

C. bonduc is used traditionally for the treatment of a
number disease and possesses large number of biological
activities. In this report we have explored the biological
activities and identified the chemical constituents of non-
polar to moderate polar fractions. The methanolic extract
(CBLM) of C. bonduc has a role on protection of
inflammation and vacuolar degeneration of liver. Extract
has a potential to be used as a hepatoprotective agent in
herbal drugs. Altogether twenty seven (~71%)
phytochemicals were identified from different fractions
by using electronic mass spectral library GC-MS (NIST
20), of which 2-ethyl-2-hydroxy-1,3-dimethylcyclope-
ntanecarboxylic acid, ethyl ester (21) and 1,3,5-triazine-
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2,4-diamine,6-hydroxy-N,N-dicyclohexyl (23) are first
time identified as plant metabolites. Literature of the
identified phytochemicals exposed a pharmacological
correlation of performed activities with the identified and
related compounds. These phytochemical may be a
responsible factor of antimicrobial and hepatoprotective
activities of C. bonduc.
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