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ABSTRACT 

 
Modulatory effect of methanol extract of stem bark of Dillenia pentagyna (DPE) was evaluated against 
mutagenicity induced by cisplatin (CIS) and benzo[a]pyrene (B[a]P) in the mouse using bone marrow 
chromosomal aberration, micronucleus and sperm abnormality as  mutagenicity parameters. In one group of 
experiment, animals received a single dose (20mg/kg body weight) of DPE through intraperitoneal injection 
(i.p) followed by cisplatin or benzo[a]pyrene treatment. In the other groups, three doses of DPE (20, 50 and 
100mg/kg b. wt/day) were given through diet for seven consecutive days prior to a single treatment with 
cisplatin or benzo[a]pyrene. The animals from different treatment groups were used for the study of 
chromosomal aberration (CA), micronucleus (MN) and sperm abnormality assays. The result of present study 
shows that a single treatment with DPE did not show significant changes in the incidence of chromosomal 
aberration, micronucleus and sperm abnormality induced by CIS and B[a]P. However, pretreatment with DPE 
for seven consecutive days dose dependently reduced CIS and B[a]P-induced mutagenicity suggesting the 
protective role of D. pentagyna on CIS and B[a]P mutagenic potentials. 
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INTRODUCTION 
 
Cis-diamminedichloroplatinum-II, commonly known as 
cisplatin (CIS) is widely used as a chemotherapeutic agent 
alone or in combination with other agents against a 
variety of cancers (Carter, 1984). However, its therapeutic 
efficacy has been limited due to the side effect and also its 
mutagenic potential (Krakoff, 1979; Khynriam and 
Prasad, 2001; Overbeck et al., 1996). An increased 
carcinogenic risk with the development of secondary 
tumors in patients/animals treated with cisplatin has also 
been reported (Cross et al., 1996; Greene, 1992). It has 
been shown to cause genotoxic effects in cultured 
mammalian cells (Zwelling et al., 1979) and bone marrow 
cells (Giri et al., 1998). 
 
Benzo[a]pyrene (CAS Reg. No. 50-32-8), also known as 
1,4-benzo[a]pyrene (B[a]P), is a polycyclic aromatic 
hydrocarbon (PAH) generated from the combustion of 
fossil fuels and tobacco and is both inhaled and consumed 
(Phillips, 1983). It has shown various toxicological 
effects, such as haematological effects, reproductive and 
developmental toxicity and immunotoxicity.  It is the 
carcinogenic and genotoxic potential of these compounds 
that has attracted most attention. 
 
A large number of dietary agents have the inhibitory 
potentials against genotoxicity and carcinogenicity 
(Ames, 1983; Ferguson, 1994). Phenolic compounds, 

fibre, chlorophyll, b-carotene, and vitamins such as C and 
E, a component of fresh fruits and vegetables were 
suggested to have antimutagenic and/or anticarcinogenic 
properties (Stavric, 1994; Ho, 1992; Kuo et al., 1992), 
and a negative association between the incidence of 
cancer and consumption of diet rich in fibres, fresh 
vegetables, vitamins and minerals was also reported 
(Archer, 1988; Stainmetz and Potter, 1991). Some of the 
food ingredients including vitamins, flavonoids and 
organosulphur compounds possess antimutagenic and 
anticarcinogenic activities (Stavric, 1994), and extracts of 
certain plants were reported to have the ability to inhibit 
the mutagenic activity of well established genotoxins (Ito 
et al., 1986; Khanduja and Majid, 1993; Abraham et al., 
1986; Mejia et al., 1999). 
 
Dillenia pentagyna Roxb. (Dilleneaceae) is a deciduous 
tree, distributed in Indo-Malaysian areas extending to 
tropical Australia and throughout India particularly in 
sub-tropical Himalayas. It is found in most places of 
Mizoram state in India. Our preliminary investigation 
through literature review and personal interview with 
local herbal practitioners revealed that the stem bark of 
this plant has been used by the people of Mizoram for the 
treatment of gastric cancers, diarrhea and other human 
ailments. The stem bark and fruit has also been used by 
some of the Indian ethnic communities as cure for blood 
dysentery, stomach pain and fistula (Pal and Jain, 2000). 
We have noticed the promising antitumor activity of 
methanol extract of stem bark of this plant against murine 
ascites Dalton’s lymphoma (Rosangkima and Prasad, *Corresponding author email: sbpnehu@hotmail.com 
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2004). We have also reported the inhibitory effect of this 
plant extract in the level of sialic acid and lipid 
peroxidation in the tissues of Dalton’s lymphoma-bearing 
mice (Rosangkima and Prasad, 2007a), and a significant 
inhibitory effect in the level of total reduced glutathione 
and glutathione reductase activity in Dalton’s lymphoma 
cells was also noted (Rosangkima and Prasad, 2007b). All 
these findings, thus,  generated an interest to investigate 
the antimutagenic activity of this plant in murine model. 
Therefore, the present investigation was undertaken to 
evaluate the antimutagenic potential of Dillenia 
pentagyna against CIS and B[a]P induced mutagenicity  
in mice. 
 
MATERIALS AND METHODS 
 
Chemicals 
Colchicine, cisplatin, corn oil, benzo[a]pyrene and 
Giemsa stain were obtained from Sigma Chemicals Co. 
Ltd., USA. All other chemicals of analytical grade were 
purchased from SRL Co. Mumbai, India. 
 
Animals 
Inbred Swiss albino mice colony is being maintained 
under laboratory conditions keeping 5-6 animals in a 
propylene cage at 23-250C. The animals were fed with 
commercially available food pellets and water ad libitum. 
For some experiment in involving micronucleus assay, 
tumor-bearing mice were used. For this Dalton’s 
lymphoma cells (1x 107 cells) in PBS , 0.25 ml vol. were 
transplanted. Tumor transplanted animals generally 
survived for 19-21 days.  
 
Plant material and preparation of test sample 
The stem bark of D. pentagyna was collected from 
Kawlkulh village, Mizoram state, India, in July 2006. The 
methanol extract of stem bark of D. pentagyna (DPE) was 
prepared as described previously (Rosangkima and 
Prasad, 2004). For the treatment through intraperitoneal 
(i.p) injection, the plant extract was dissolved in 0.05% 
NaOH solution. For the treatment through the diet, plant 
extract was dissolved in 50% alcohol (14, 35, and 
70mg/100 ml) and mixed thoroughly with the feed 
powder in the ratio of 1:2 (vol:wt) which was then dried 
in an oven at 35oC to 40oC. Since the daily intake of feed 
per animal was approximately 7.5g, different doses of 
extract treatment come to 20, 50 and 100mg/kg b. wt/day. 
 
Antimutagenic activity 
In the antimutagenic activity studies, experimental 
animals were divided into 3 groups. Group I (CIS/B[a]P 
control) animals received a single dose of mutagen 
(CIS/B[a]P). Group II animals received a single i.p 
injection of DPE (20mg/kg b. wt) and CIS/B[a]P. Group 
III animals were given DPE pretreatment through the diet 
at the dose of 20, 50 and 100mg/kg b. wt/day for 7 
consecutive days prior to a single dose of mutagen 

(CIS/B[a]P). CIS (8mg/kg b. wt) and B[a]P (125mg/kg b. 
wt) were administered through i.p. injection and gavages 
respectively. 
 
Chromosomal analysis 
Mice were sacrificed by cervical dislocation 24 h after 
mutagen treatment. The animals were subjected to mitotic 
arrest by injecting colchicine (i.p 4mg/kg b. wt.) 2 h prior 
to sacrifice. Bone marrow cells were collected from 
humerous and femur by flushing in PBS. The cells were 
washed with PBS and collected by centrifugation (1000 
rpm, for 5 min at 4°C). The cell pellet was subjected to 
treatment with hypotonic solution (0.075M KCl) for 25 
min at 37oC. The cells were separated and fixed in acetic 
acid: methanol (1:3; v/v), repeated again with a 30 min 
interval. Two drops of cell suspension were dropped on a 
clean and chilled slide, subjected to flame drying and 
stained for 5 to 7 min with working Giemsa (1ml of stock 
giemsa + 0.25ml methanol + 2.8ml Sorensen’s buffer, pH 
6.8), washed and mounted in DPX. Five hundred good 
metaphase spreads were examined per animal under 100x 
oil immersion. The observed chromosomal aberrations 
(CA) included chromatid break (CB), chromosomal 
fragment (CF), exchange (Exch) and sister chromatid 
union (SCU). 
 
Micronucleus assay 
Micronucleus (MN) was assayed following the method of 
Fenech et al. (2003). Briefly, 24 h after mutagen 
treatment, bone marrow cells from both the femurs were 
collected by flushing in PBS. The cell suspension was 
centrifuged at 1000 rpm for 5 minutes at 4oC. The cell 
pellet was treated with a weak hypotonic solution 
(0.075M KCl:saline, 1:9 v/v) for 5 min. After 
centrifugation, the cells were fixed in fresh fixative 
(acetic acid:methanol, 1:3 v/v) for 15 min at room 
temperature and repeated twice. Two drops of cell 
suspension were dropped onto clean and wet chilled slide. 
The slides were air-dried and stained with May 
Grunwald-Giemsa stain. A total of 2500 polychromatic 
erythrocytes (PECs) were scored per animal to determine 
the frequency of micronucleated polychromatic 
erythrocytes (MnPCEs). Only rounded bodies approxi-
mately one-fifth to one-sixteenth the size of the main 
nucleus, lying within three nuclear diameter distance from 
the main nucleus, and possessing a staining intensity 
similar to that of the main nucleus, were scored as 
micronucleus. All the slides were scored by the same 
observer. 
 
Sperm abnormality assay 
The male mice in different treatment groups (Group I, II 
and III) were sacrificed on the 10th day of mutagen 
treatment. The cauda epididymis were removed and 
placed in physiological saline. It was then minced into 
pieces and kept undisturbed for 20 min. The spermatozoa 
were spread on a clean slide, air-dried, fixed in absolute 
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methanol for 15 min and then stained with 1% aqueous 
eosin-Y on the following day. Five hundred sperms from 
each mouse were examined for the abnormalities in sperm 
head and tail shapes following the criteria as close as 
possible to those established by Wyrobeck and Bruce 
(1975). 
 
Statistical analysis 
Results were expressed as mean ± S.D of number of 
experiments. Significance was evaluated by Student’s t-
test. p values less than 0.05 were regarded as significant. 
 
RESULTS 
 

Chromosomal aberrations  
CIS and B[a]P caused the development of various 
chromosomal aberrations in bone marrow cells of mice. 

Chromatid break, chromosomal fragment, exchange and 
sister chromatid union were observed after treatment with 
CIS and B[a]P (Fig. 1), with CB and Exch occurring more 
frequently (Table 1). Treatment with a single dose of DPE 
(24 h) did not show significant changes in the frequency 
of CA induced by CIS and B[a]P. However, pretreatment 
of animals with DPE (20, 50 and 100mg/kg b. wt./day) 
significantly decreased the frequency of CA induced by 
both CIS and B[a]P (Table 2). Out of three different doses 
used, 100mg/kg b. wt./day showed maximum inhibitory 
effect against CIS and B[a]P-induced chromosomal 
aberrations. 
 
Micronucleus 
The development of MN was observed in bone marrow 
cells of tumor-bearing mice after CIS and B[a]P 
treatment. Treatment with a single dose of DPE (20 

  
Fig. 1. Representative of different types of chromosomal 
aberrations (chromatid break - CB, chromosomal 
fragment - CF, exchanges - Exch and sister chromatid 
union - SCU) induced by CIS or B[a]P in the bone 
marrow cells of mice. 

Fig. 2. Representative of micronuclei induced by CIS 
and B[a]P in the bone marrow cells of mice. 
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Fig. 3. Frequency of micronucleus induced by CIS and 
B[a]P in the bone marrow cells of mice after a single 
treatment with DPE (20 mg/kg b. wt.). Results were 
mean ± S.D. Student’s t- test, n=6 as compared to the 
corresponding mutagen control. *P<0.05. 

Fig. 4. Frequency of micronucleus induced by CIS and 
B[a]P in the bone marrow cells of mice after 
pretreatment with different doses of DPE through the 
diet. Results were mean ± S.D. Student’s t- test, n=6 as 
compared to the corresponding mutagen control. 
*P<0.05. 
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mg/kg b. wt) did not show significant changes in the 
development of MN induced by CIS and B[a]P (Fig. 3), 
while pretreatment with DPE through the diet in a dose 
depend manner  decreased the incidence of MN induced 
by both CIS and B[a]P (Fig. 4). 
 
Sperm abnormality 
Various form of sperm abnormalities were induced after 
CIS and B[a]P treatment (Table 3). A single treatment 

with DPE did not show significant changes in the 
frequency of sperm abnormality induced by CIS and 
B[a]P (Table 3). Amorphous, hookless, banana, 
microhead and doubled tail were among different types of 
abnormality observed in sperms(Fig. 5A-F). Out of 
different types of abnormal sperms analyzed, amorphous 
heads were noted to be more than the others. However, 
pretreatment with DPE at different doses (20, 50 and 
100mg/kg b. wt/day) for 7 consecutive days prior to 

Table 1. Changes in the frequency of chromosomal aberrations induced by CIS and BaP in bone marrow cells of 
mice following single co-treatment with DPE (20 mg/kg b. wt). 
 

Chromosomal aberrations 
Treatment 

CB CF Exch SCU Totala Total CA (mean±SD) 
Per 100 cells 

Control (CIS) 425 55 242 59 909 181.8 ± 19.13 
DPE+CIS 348 201 179 75 809 161.8 ± 12.27 
Control (B[a]P) 47 2 - - 49 9.8 ± 0.83 
DPE+ B[a]P 38 4 - - 42   8.6 ± 1.14 

 

aFive hundred metaphase plates were scored per group (n = 5 animals) for chromosomal aberrations. Student’s t-test, as compared 
to the respective control values, *p<0.05. CB = Chromatid break, CF = Chromosomal fragment, Exch = Exchange, SCU = Sister 
chromatid union. 
 
Table 2. Effect of different doses of pretreatment with DPE on the frequency of chromosomal aberrations induced by 
CIS and BaP in bone marrow cells of tumor-bearing mice. 
 

Chromosomal aberrations 
Mutagensa DPE 

(mg/kg/day)b CB CF Exch SCU Totalc Total CA (mean±SD) 
Per 100 cells 

CIS 
 
 

20 
50 
100 

398 
329 
292 

78 
72 
57 

218 
176 
156 

87 
65 
55 

781 
642 
560 

156.2 ± 5.31* 
128.4 ± 13.22* 
112.0 ± 7.31* 

B[a]P 20 
50 
100 

31 
25 
20 

2 
1 
1 

- 
- 
- 

- 
- 
- 

33 
26 
21 

6.6 ±1.14* 
5.2 ± 0.83* 
4.6 ± 0.54* 

 

aAnimals were administered with a single dose of CIS or BaP. bAnimals were treated with DPE through the diet for 7 consecutive 
days prior to CIS or BaP treatment. cFive hundred metaphase plates were scored per group (n = 5 animals) for chromosomal 
aberrations. Student’s t-test, as compared to the respective control values, *p<0.05. CB = Chromatid break, CF = Chromosomal 
fragment, Exch = Exchange, SCU = Sister chromatid union. 
 
Table 3.  Changes in the frequency of sperm abnormalities induced by CIS and BaP in mice following single co-
treatment with DPE (20 mg/kg b. wt). 
 

Treatment Amorphous Banana Hookless Microhead Double tail Mean % of abnormal 
sperms ± SD 

Control (CIS) 132 28 83 11 6 8.66±0.89 
DPE+CIS 123 23 80 9 3 7.93±0.38 
Control (B[a]P) 77 19 18 14 2 4.33±0.35 
DPE+B[a]P 70 18 22 13 4 4.23±0.19 

 

A total number of 3000 sperms were observed in each treatment group. Results are expressed as Mean ± S.D. Student’s t- test, n=6 
as compared to the corresponding control. A single dose of DPE and CIS or B[a]P were administered on the same day. 
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mutagen(s) treatment significantly decreased the 
frequency of sperm abnormalities induced by both CIS 
and B[a]P (Table 4). Out of three different doses of DPE 
studied, maximum inhibition of sperm abnormality was 
observed with 100mg/kg b. wt/day (Table 4). 
 

 
 
Fig. 5. Representative of normal (A) and different types 
of abnormal sperms (amorphous - B, banana - C, hookless 
- D, microhead - E and doubled tail - F) induced by CIS 
or B[a]P in mice. 
 
DISCUSSION 
 
The development of chromosomal aberration, 
micronucleus and sperm abnormality has been used as 
reliable biological indicators in the mutagenic bioassay of 
different drugs (Tandon and Sodhi, 1985; Giri et al., 
2002). Micronucleus is chromatin masses that arise from 
chromosome fragments of intact whole chromosomes 
lagging behind at the anaphase (Czyzewska and Mazur, 
1995). Micronucleus can be easily accredited in the 
cytoplasm of immature polychromatic erythrocytes 
(Schmid, 1976). Since blood cells originate in the bone 
marrow cells, the incidence of chromosomal aberration 
and micronucleus were analyzed in the bone marrow 
cells. 
 
The therapeutic efficacy of CIS has been limited by its 
dose dependent side effects (Krakoff, 1979) and its 
genotoxic properties have also been reported (Overbeck et 

al., 1996; Cross et al., 1996; Giri et al., 1998). B[a]P can 
bind to the aryl hydrocarbon receptor (AHR), which then 
induces the expression of many genes, including members 
of the cytochrome P450 family of enzymes. B[a]P is then 
metabolized to an array of reactive species that form 
covalent bonds with nucleic acids and proteins within 
target cells, generate reactive oxygen species (Xie and 
Herschman, 1995; Balinsky and Jaiswal, 1993), and cause 
genetic mutations and cancer (Conney, 1982; Shields et 
al., 1993). It is clear that B[a]P also induced mutagenicity 
in the strain YG1024 (Watanabe et al., 1990). 
Carcinogens bind to the cell macromolecules resulting in 
mutagenic events leading to cell transformation and 
neoplastic changes. Some phytochemicals prevent these 
changes from occurring either by directly binding to the 
carcinogens/their metabolites or by metabolising and 
eliminating toxic xenobiotics. The results of present 
studies show that CIS and B[a]P treatment of mice causes 
significant elevation of chromosomal aberration, 
micronucleus and sperm abnormality depicting their 
mutagenic and genotoxic potentials (Table 1 and 3, Fig. 
3). A single treatment with DPE did not show significant 
changes in the frequency of chromosomal aberration, 
micronucleus and sperm abnormality induced by CIS and 
B[a]P, while pretreatment for 7 consecutive days dose 
dependently decreased the frequency of chromosomal 
aberration, micronucleus and sperm abnormality. Since 
the micronuclei in young erythrocytes arise mainly from 
chromosomal fragments, the observed decrease in the 
incidence of micronuclei can be considered to indicate an 
inhibitory effect of DPE on the in vivo chromosomal 
damage induced by CIS and B[a]P.   
 
In conclusion, the result of present study showing 
significant reduction in CIS and B[a]P induced 
mutagenicity in presence of DPE suggests the protective 
role of this plant on CIS and B[a]P mutagenic/genotoxic 
potentials. Further, based on our earlier findings on 
changes in reduced glutathione etc,  it is proposed that D. 
pentagyna may exert its antimutagenic potential by 
inducing some of the antioxidant enzymes that detoxify 

Table 4.  Effect of different doses of pretreatment with DPE on the frequency of sperm abnormalities induced by CIS 
and BaP in mice. 
 

Mutagens DPE 
(mg/kg) 

Amorpho
us Banana Hookless Micro-

head 
Double 

tail 
Mean % of abnormal 

sperms ± SD 
CIS 20 

50 
100 

84 
78 
77 

20 
19 
9 

74 
74 
70 

6 
5 
2 

2 
1 
1 

6.19±0.32* 
5.85±0.55* 
5.30±0.24* 

B[a]P 20 
50 
100 

72 
66 
59 

15 
7 
11 

13 
10 
10 

8 
3 
5 

1 
1 
0 

3.62±0.18* 
2.89±0.15* 
2.83±0.31* 

 
A total number of 3000 sperms were observed in each treatment group. Results are expressed as Mean ± S.D. Student’s t- test, n=6 
as compared to the corresponding control, *P≤0.05. DPE was administered through the diet for 7 consecutive days prior to 
mutagen(s). 
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mutagens, or by acting as a free radical scavenger. 
However, other contributory steps may also be involved 
in its antimutagenic potential. Therefore, further 
investigation is needed in this direction. 
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