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ABSTRACT

Garcinia gummi-gutta, a tropical plant whose fruit rind is used as an herbal medicine for certain illness.
However, reports on its genotoxicity and geno-protective effects are not available. Hydromethanolic rind
extract of G. gummi-gutta fruit was prepared by maceration method and tested against mitomycin C, an
anticancer drug. Experiments were conducted on Swiss albino mice to assess the possible dose-dependent
effect of the extract (100, 200 and 300 mg/kg BW i.p). The selected doses of the extract were orally
administered, and bone marrow micronucleus assay was performed. For the protective effect, the extract was
orally gavaged 1 hr prior to mitomycin C (i.p. treatment -5mg/kg). Assay was performed for total antioxidant
activity of the extract. Ascorbic acid was taken as the reference standard for both the assays. The extract did not
induce the formation of micronucleated cells. However, the higher dose induced a significant decrease in the
P/N ratio (p<0.05). Induction of micronucleated-cells and reduction in P/N ratio at a highly significant level
(p<0.001) by mitomycin C confirmed its genotoxic and cytotoxic potency. The co-administration of the extract
resulted in a dose-dependent protective effect against MMC-induced genotoxicity as indicated by reduction in
the incidence of MN-cells. The extract also imparted the recovery of P/N ratio; 200mg/kg BW was found to be
optimum dose. The extract exhibited the antioxidant activity (ECso 36.76+2.53) nearly 1/3™ of that of the
ascorbic acid (ECso 13.65£1.26). Thus, the extract has substantial ameliorating effects against mitomycin C-
induced geno- and cyto-toxicities, which can be attributed to its free-radical scavenging property.
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INTRODUCTION

Mitomycin C (MMC), a family of aziridine
containing compound derived from Streptomyces
caespitosus is used as a chemotherapeutic agent for
adenocarcinoma, oesophageal carcinoma,
anal, breast, gastric, cervical, pancreatic cancers,
and bladder tumors® It also finds its utility in
glaucoma surgery [ Despite its potential
therapeutic property with high commercial
demand, it has a major limitation in terms of severe
side effects. One such adverse effect is genotoxicity
and cytotoxicity in non-target cells/tissues, and
bone marrow is a main affected tissue. The
genotoxic effect of MMC is well evident from
various in vitro Bl and in vivo ™ % studies.
Considering the potential genotoxic effect of
MMC, there are many studies for exploration of
agents which could mitigate the effect ¥l The
drug in addition to its basic mechanism of inducing

mutation by DNA cross linking, it is a potential
inducer of oxidative stress leading to free radical-
mediated toxicities [, In this context, certain
plant products/extracts enriched with free radical
scavengers are viewed as a potential remedy for

minimization of adverse effects of mutagenic drugs
[8]

Garcinia gummi-gutta, (L.) Roxb., a tropical
species of the family Clusiaceae is known by
common names such as Brindle berry, Malabar
tamarind and other regional names like Kodampuli,
Panpuli, so on. The fruit, particularly rind part of
this plant has traditional medicinal value; to treat
bowel complaints, intestinal parasites, rheumatism
and obesity (as a weight loss supplement [,
Various solvent extracts of different parts of the
plant have been studied for pharmacological
activities, including antimicrobial [*%,  anticancer
Bl and anti-obesity [ The phytochemical
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screening of the rind extracts revealed the presence
of various constituents possessing free-radical
scavenging activities*?. One of its constituents, (-)-
hydroxycitric acid has been studied for
mutagenicity by using Ames test and micronucleus
assay in mousel™ . Our literature survey indicates
that the fruit rind extract of the plant has not been
studied for its possible genotoxicity and
genoprotective effect against any of the toxic
agents. In this context, an in vivo study was carried
out to evaluate the ameliorating effect of the hydro-
methanolic extract of G. gummi-gutta fruit rind
against MMC-induced genotoxicity  and
cytotoxicity, using Swiss albino as the
experimental model. Ratio between polychromatic
erythrocytes (PCE) and normochromatic
erythrocytes (NCE) (P/N ratio) was taken as an
additional parameter to evaluate the
cytotoxicity/bone marrow depression.

MATERIALS AND METHODS

Chemicals and reagents: Mitomycin C
(C1sH18N4Os; CAS RN 50-07-7), manufactured and
marketed by Kyowa, Biochem Pharmaceutical
Industries Limited (Mumbai, India) was used as the
positive agent. L-ascorbic acid, Giemsa and May-
Grunwald’s stain powder, reagents of analytical
grade for antioxidant activity were obtained from
Merck India (Delhi, India) and SRL India
(Mumbai, India).

Collection of the plant: Garcinia gummi-gutta
(local name: Panpuli) was collected during the
monsoon, from Maragodu village, Madikeri taluk
of Kodagu district, Karnataka, India. The
taxonomic identification of theplant was
authenticated with the help of faculty in the
Department of Applied Botany, Mangalore
University. A specimen plant is preserved as
herbarium and voucher No. was given for future
reference. The plant name has been checked with
the www.theplantlist.org, and Indian Biodiversity
Portal: http://indiabiodiversity.org.

Preparation of the extract: Fruits were collected
during the rainy season and rind was separated. The
collected rind was shade dried in dust-free
condition. Fruit rind was selected for the present
study considering that it is used for various
consumption and medicinal purposes. Maceration
method was employed to prepare the hydro-
methanolic extract (distilled water and methanol in
1:1 ratio) of the fruit rind. The shade-dried fruit
rind was taken and powdered using a mixer. A
known quantity (25 gm) of the rind powder was
taken in a conical flask and subjected to extraction
with the solvent (200 mL) in a mechanical
shaker maintained in an air-conditioned room
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(28°C) at a constant stirring rate (200 rpm). The
stirring was continued for 24 hr duration, and then
filtered using Whatman No.1 paper. The filtrate
obtained was subjected to maceration for two more
times for complete extraction. The extract was
concentrated in a rotary evaporator and freeze dried
by lyophilization. The extract so obtained was
preserved at 4°C until further use.

Experimental model: Swiss albino mice (Mus
musculus; 2n = 40; 8-10 weeks old of the body
weight 28+2 g) bred and maintained in the animal
house of the Dept. of Biosciences, Mangalore
University were used. The care and handling of the
animals for experiments are in accordance with the
guidelines of Committee for the Purpose of Control
and Supervision on Experiments on Animals
(CPCSEA), India. The animals were maintained
under absolute hygienic condition in an air-
conditioned room at a temperature of 24°C (£2°C)
with 12 hr light/dark cycle and 50+5% humidity.
They were fed with standard mice pellets (Lipton,
India) and water ad libitum. The present study
was carried out with the prior approval from the
Institutional Animal Ethics Committee (Ref. 104
No.MU/AZ/99/2013-14/IAEC, dated 02.04.2013).

Dose and treatment schedule:

Treatment schedule: Animals were divided into six
groups, each bearing six animals (3 males + 3
females) and treated as follows:

Group 1: Solvent control: 0.2 mL of distilled water
(i.p. administration)

Group 2: Positive control: MMC — 5 mg/kg b. wt.
(i. p. administration)

Group 3: Extract controls: Extract 100 (Group 3a),
200 (Group 3b) and 300 mg/kg BW (Group 3c) —
oral gavage.

Group 4: MMC-5 mg/kg (i.p) + Extract — 100
mg/kg (oral gavage)

Group 5: MMC-5 mg/kg (i.p) + Extract — 200
mg/kg (oral gavage)

Group 6: MMC-5 mg/kg (i.p) + Extract — 300 mg
kg (oral gavage)

Group 7: AA-100 mg/kg (oral gavage)

The required concentration of MMC was dissolved
in distilled water and administered by i.p. injection
in 0.2 ml volume. For the protective effect, the
selected doses of the extract were suspended in
distilled water and administered to animals in
0.3ml volume by oral gavage one hour prior to the
MMC injection.

Micronucleus test: Animals were sacrificed 30 h
after the treatment, and bone marrow preparations
were made by employing the method of
Schmid*®l, modified by Rao et al.'sl. The air-
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dried slides were fixed in methanol and stained
with May-Grunwald-Giemsa. A total of 2,000
polychromatic erythrocytes (PCE) and
corresponding normochromatic erythrocytes (NCE)
were screened from each animal to determine the
frequency of MN-cells and P/N (PCE/NCE) ratio
according to the scoring criteria prescribed by
MacGregor et al.l’7l. Recovery effects of the
extract/ascorbic  acid against MMC-induced
genotoxicity (micronucleated cells) and
cytotoxicity (P/N ratio) were determined by using
the formula:

% Recovery = (C — E) + C x 100; where C is the
value obtained for MMC, and E is the values
obtained for the extract/ascorbic acid.

Determination of total antioxidant activity (TAA):
Assay for total antioxidant activity was performed
by following the method of Prieto et al.l*®l. It is
based on the principle of reduction of molybdenum
(Mo) (VI) to Mo (V) giving rise to
phosphomolybdenum complex. L-ascorbic
acid was taken as the standard. The absorbance
was measured at 695 nm against the blank using
UV- visible spectrophotometer. The total
antioxidant activity was expressed as percentage
activity by using the formula:

% of total antioxidant activity = A(s) - A(b)/A(b) x
100,

Where A(s) is the absorbance of the sample and
A(b) is the absorbance of the blank. Calibration
curve was constructed taking % of inhibition on Y
axis against a concentration gradient. ECso values
were determined and expressed as pg/mL.

Statistical analysis: The statistical analysis of the
results obtained for MN test was performed with
the help of GraphPadInStat 3 package (GraphPad
Software Inc, USA). One-way ANOVA test was
applied to compare the differences between the
groups. Differences were considered to be
statistically significant if p<0.05.

RESULTS

Micronucleus (MN) test: Results obtained for the
MN test are presented in the table No. 3.1 (Fig.3.1a
and 3.1b). The frequencies of MN-cells in the
extract treated groups were almost similar to that of
the solvent control; so there was no significant
genotoxicity at any of the doses. The extract at the
high dose (300mg/kg BW) reduced the P/N ratio
significantly compared to the control (p<0.05).
MMC has induced the formation of high
frequency of MN-cells and reduction in P/N ratio,
at a significant level compared to the control
(p<0.001). The extract has decreased the frequency
of MN-cells in a dose-dependent manner
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(100mg/kg BW — p<0.05; 200mg/kg BW — p<0.01;
300mg/kg BW — p<0.001) when compared with the
MMC alone treated group. The lower two doses of
the extract imparted the dose-dependent reduction
in P/N ratio (100mg/kg BW — p<0.05; 200mg/kg
BW - p<0.01). The magnitude of the
cytoprotective effect by higher dose of the extract
was found to be almost similar as that of the
median dose (p<0.01). The co-administration of L-
ascorbic acid resulted in decrease in the incidence
of MN-cells and enhancement of P/N ratio when
compared with the MMC alone treated group at a
highly significant level (p<0.001).

Antioxidant activity: Table 3.2 presents the results
obtained in the total antioxidant activity assay. The
extract exhibited a concentration-dependent
increase in the antioxidant activity in terms
of reduction of molybdenum (Mo) (V1) to Mo (V),

with  ECso value 36.76+2.53.  L-ascorbic acid
showed the antioxidant activity
with ECs valuel3.65+1.26.

DISCUSSION

Natural products, particularly derived from
plantsare considered to be potential agents

for therapy as well as a remedy for adverse effects
caused by various toxic agents. MMC, despite its
utility as a broad-spectrum anticancer drug, it has
adverse effects, particularly DNA damage and
cytotoxicity on non-target cells/tissues. In the
present study, hydro-methanolic rind extract of G.
gummi-gutta fruit was studied for the possible
genotoxic effect, and subsequently geno- and cyto-
protective effects against MMC.

Results obtained from bone marrow micronucleus
test confirmed the genotoxic potency of the drug.
MMC at a single dose of 5mg/kg BW at 30 hr time
interval induced the formation of micronucleated
cells (MN-PCE and MN-NCE) at a highly
significant level compared with the solvent control
(p<0.001). The observed results are in parallel
with the previous reports which also demonstrated
the MMC-induced genotoxicity in terms of MN-
cells & 91 and chromosomal aberrations 2% 21 in
Swiss albino mouse.

The extract up to the maximum dose selected in the
present study did not induce the formation of MN-
cells at a significant level. Thus, the extract does
not contain any constituent responsible for
genotoxicity in terms of MN formation. In earlier
studies, an isolate of the rind extract of the plant, (-
)-hydroxycitric acid (the molecule with medicinal
value for obesity) has been assessed for
mutagenicity, and was found to be negative in five
strains  of Salmonella  typhimuriumup  to
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5000mcg/platel®® 41, However, the same compound
was demonstrated to induce the formation of
micronucleated cells by (-)-(-)-hydroxycitric acid in
mouse . The report on mutagenicity of (-)-
hydroxycitric acid in contradict to our result is that
the selected dose of the crude extract may be
having (-)-hydroxycitric acid, below the threshold
dose for induction of micronucleus.

In the present study, it was observed a significant
decrease in P/N ratio at 300mg/kg BW of the
extract compared with the control group (p<0.05),
indicating that the extract has some cytotoxic
(mitotic depression) effect in the bone marrow at
its higher dose. The exact reason for the same is not
known; however, it can be speculated that the
extract with a particular constituent may possess
some cytotoxic/antiproliferative effect at a higher
dose. Further studies may be taken up to explore
the constituent(s) possessing antiproliferative
activity. However, garcinol, one of the constituents
present in the plant whose cytotoxic activity against
the cancer cell lines has been reported [+ 22, The
observed cytotoxic effect, i.e., reduction in P/N
ratio may be due to garcinol present in the extract
as one of the constituents.

Concerning to the protective effect against MMC-
induced geno- and cyto-toxicities, we obtained
positive results at a substantial level. The co-
administration of the extract with MMC resulted in
a dose-dependent significant reduction in the
frequency of MN-cells (MN-PCE and MN-NCE),
with the statistical significance p<0.05, 0.01 and
0.001 (Table 3.1; Fig. 3.1a). The observed
genoprotective effect of the extract may be
attributed to its antioxidant content. MMC, in
addition to its basic mechanism of DNA damage
through alkylation is also known for free-radical
mediated genotoxicity as revealed by in vitro [
and in vivo studies 4. An earlier report indicates
that various solvent extracts of G. gummi-gutta
fruit rind is composed of triterpenoids, steroids,
glycosides, saponins, alkaloids, flavonoids, tannins,
carbohydrate and vitamin C[?. Among these,
flavonoids and vitamin C are well known for their
potential antioxidant activities. So much so, the
geno-protective effect of flavonoids > 2! and L-
ascorbic acid acid 6 against MMC has been
demonstrated in mouse.

The ratio between PCE and NCE (P/N) in healthy
condition (control group) is almost near to 1.0. A
significant reduction in the P/N ratio compared to
the control group is an indication of
cytotoxicity/mitotic depression in bone marrow [26],
The co-administration of the extract resulted in a
slight recovery of the P/N ratio, which otherwise
was drastically decreased in MMC-treated group
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(p<0.001). However, the observed effect was not
completely dose-dependent such that only lower
(p<0.05) and median dose (p<0.01) enhanced the
P/N ratio at the significant levels. The higher dose
imparted almost the same level of P/N ratio as that
of the median dose (p<0.01). It may be due to the
optimum dose effect; i.e., the quantity of a
substance which produces the desired effect
without any unfavourable effects. Thus, 200 mg/kg
BW of the extract can be considered as the
optimum dose for cyto-protective effect. There are
many studies on decrease in cytotoxicity in terms
of recovery of P/N ration induced by certain
extracts and isolates against MMC I8 271, |t has been
advocated that micronucleus formation due to
chromosomal and/or spindle damage is directly
correlated with the cytotoxicity in terms of
reduction in P/N ratio in bone marrow 2%,

One of the mechanisms of geno- and cyto-
protective effect of the extract against MMC is
substantiated by conducting the total antioxidant
activity assay. Results indicate that with an
increase in the concentration of the extract, there
was enhancement in the total antioxidant activity in
terms of reduction of Mo (VI) to Mo (V). The ECsx
value of the extract was found to be 32.76x 2.53,
while for that of L-ascorbic acid was 13.65%1.26.
In comparison, the extract possesses nearly 1/3" of
the antioxidant potency of vitamin C. Thus, one of
the possible mechanisms for the protective effects
is scavenging of MMC-generated free radicals
(hydroxy and oxy radicals) by antioxidants present
in the extract. Earlier studies on certain extracts
rich in antioxidants have also demonstrated the
geno- and cyto-protective effects against MMC [27:
281 Although there was no complete prevention of
geno- and cyto-toxicities induced by MMC, the
extract could reduce the genotoxicity 36.32% and
cytotoxicity 25.8%. However, in comparison, the
efficacy of the protective effects of the extract was
found to be much lower than that of the AA.
Vitamin C in its pure form can act as a potent
reducing agent and impart the ameliorating effect
to a greater extent than that of the crude extract,
which is composed of many constituents. Some of
these constituents, including secondary metabolites
may interfere with the antioxidants and/or dilute
the antioxidant molecules.

CONCLUSION

Hydromethanolic rind extract of G. gummi-gutta
exhibited protective effects against MMC induced
geno- and cyto-toxicities in bone marrow at a
substantial level. The ameliorating effects may be
due to the inhibition of free-radical mediated
toxicities of MMC. The higher dose of the extract
was found to induce the cytotoxicity.
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Table 3.1. Effect of hydromethanolic rind extract of G. gummi-gutta (HREGG) on MMC-induced
micronucleated cells and PN ratio:

Treatment Dose ATotal MN-cells % P/N ratio £SD %
(mg/kg BW) %+SD Inhibition Recovery

Dist. water 0.20+0.06 -- 1.02+0.13 --
E(100) 0.18+0.04 -- 0.98+0.12 --
E(200) 0.20+0.07 -- 0.94+0.09 --
E(300) 0.22+0.07 -- 0.89+0.07*% --
AA(100) 0.18+0.05 -- 1.08+0.08 --
MMC(5) 6.47+0.71Y -- 0.62+0.09Y --
E(100)+ MMC(5) 5.67+0.8 3? 12.36 0.68+0.08?2 9.7
E(200)+ MMC(5) 4.68+0.72° 27.67 0.76+0.07° 22.6
E(300)+ MMC(5) 4,12+0.52¢ 36.32 0.78+0.09° 25.8
AA(100) + MMC(5) 3.18+0.48¢ 50.85 0.86+0.12° 38.71

AFrom 2000 PCE and corresponding NCE/animal; 6 animals/group
HREGG - Hydromethanolic rind extract of G. gummi-gutta; MMC - Mitomycin C;
E -Extract; MN-PCE - Micronucleated polychromatic erythrocytes;
MN-NCE - Micronucleated normochromatic erythrocytes;
*p< 0.05 - Extract Vs Control; Yp< 0.001 - MMC Vs Control
3< 0.05; Pp<0.01; °p< 0.001 - Extract Vs MMC

Table 3.2: Total antioxidant activity of hydromethanolic rind extract of G. gummi-gutta (HREGG) and L-
ascorbic acid:

Conc. HREGG L-Ascorbic acid
(1g) % of inhibition ECso (ug/mL) % of inhibition ECso (ug/mL)
(mean = SD) (mean + SD) (mean + SD) (mean + SD)
5 12.28+1.26 25.28+2.71
10 28.73+2.42 35.81+3.22
25 37.62+2.87 36.76+2.53 76.32+3.87 13.65+1.26
50 65.81+3.65 93.56+4.67
75 84.70+4.21 96.54+3.95
100 91.69+3.98 98.28+4.52
150 97.81+4.33 99.21+4.27
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Fig 3.1a: Dose-dependent Effect of G.gummi-gutta fruit rind extract against MMC-
induced formation of micronucleated cells in comparison with the control and
reference standard
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Fig 3.1b: Dose-dependent Effect of G.gummi-gutta fruit rind extract against MMC-induced
reduction in P/N ratio in comparison with the control and reference standard
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