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Abstract

Cisplatin (CDDP) is one of the first-line anticancer drugs indicated for use against various form of human 
malignancies; but, the therapeutic outcome of CDDP chemotherapy is limited due to the development 
of myelosuppression and genotoxicity which may lead to secondary cancer. Induction of oxidative 
stress in normal host cells is thought to be responsible for these adverse effects. Therefore, in search 
of a potential chemoprotectant, an oraganovanadium compound, viz., vanadium(III)-l-cysteine (VC-III) 
was evaluated against CDDP-induced clastogenicity and cytotoxicity in bone marrow cells of Swiss 
albino mice. CDDP was administered intraperitoneally (5 mg/kg body weight [b.w.]) and VC-III was 
given by oral gavage (1 mg/kg b.w.) in concomitant and pretreatment schedule. The results showed 
that VC-III administration significantly (P < 0.001) enhanced cell proliferation and inhibited apoptosis in 
the bone marrow niche indicating recovery of CDDP-induced myelosuppression. VC-III also significantly 
(P  <  0.001) decreased the percentage of chromosomal aberrations, the frequency of micronuclei 
formation and the extent of DNA damage. The observed antigenotoxic and cytoprotective effect of 
VC-III was attributed to its attenuation of free radicals status and restoration of oxidised and reduced 
glutathione levels. These results suggest that VC-III is a potential candidate for future development as a 
chemoprotective agent against chemotherapy-associated primary and secondary complications.

Introduction

cis-Diaminedichloroplatinum(II), commonly known as cisplatin 
(CDDP), has been established as a first-line chemotherapeutic agent 
being used effectively against various form of neoplastic diseases 
either as monotherapy or in combination with other chemothera-
peutics, radiation therapy and/or surgery (1,2). The antitumor effi-
cacy of CDDP is attributed to its highly reactive hydrated platinum 
complex that binds to DNA and form intra- and interstrand cross-
links; thereby produce subsequent interference with DNA transcrip-
tion and/or DNA replication (3). However, the complete therapeutic 
efficacy of this drug is limited due to the development of adverse 
effects in the host; most severe being the bone marrow toxicity and 

cumulative myelosuppression (25–100% cases) (3,4). These toxic 
effects get resulted into sub-therapeutic dose delivery and/or discon-
tinuation of chemotherapy, which ultimately compromise treatment 
outcome including disease control and survival in patients with cur-
able malignancies (4). Beside this, the clastogenic potential of CDDP 
has become an alarming factor due to its deleterious effect on the 
genome of normal host cells (5). In patients treated long-term with 
CDDP, genetic damage can be observed during chemotherapy and/
or many years later in terms of infertility, teratogenicity and even 
through development of secondary malignancies (6,7). In this 
regard, new strategies to defend host tissues and organs against gen-
otoxicity of CDDP are of clinical interest and hence, development 
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of cytoprotectants is crucial to provide protection against CDDP-
induced genotoxic damage.

Vanadium, a dietary micronutrient and an ultra trace element, 
recently has received attention of researchers due to its wide range of 
pharmacological activities (8). The deficiency of this essential micro-
nutrient leads to growth retardation, bone deformations and infertil-
ity in animals (9). Vanadium plays a major role in the regulation of 
hormone, glucose, lipid, bone and tooth metabolism in mammals 
(10). Additionally, vanadium has a profound role in DNA mainte-
nance reactions and hence prevents genomic instability that leads 
to cancer (11,12). Vanadium compounds have been found to inhibit 
mutagenesis and carcinogenesis against a number of chemical car-
cinogens, viz., 1-methyl-1-nitrosourea (MNU), 7,12-dimethylbenz(a)
anthracene (DMBA), 1,2-dimethylhydrazine (DMH), diethylnitro-
samine (DENA), 2-acetylaminofluorene (AAF), and many more in 
experimental murine tumor models (13). Till date, no report is avail-
able on the effect of any vanadium compound on CDDP-induced 
clastogenesis and cytotoxicity in normal cells.

This led us interested to evaluate the protective role of an organo-
vanadium compound, viz., vanadium(III)-l-cysteine (VC-III) (Figure 1) 
against CDDP-induced toxicity on bone marrow cell population in 
Swiss albino mice. The bone marrow clastogenesis was assessed by 
the chromosome analysis and micronucleus (MN) assay. Damage of 
the genomic DNA was determined by comet assay, DNA agarose gel 
electrophoresis and diphenylamine assay. Bone marrow cell prolifera-
tion and apoptosis were analysed by 5-bromo-2′-deoxyuridine (BrdU) 
labeling and terminal deoxynucleotidyl transferase (TdT) mediated 
dUTP nick end labeling (TUNEL) assay, respectively. In addition, oxi-
dative stress markers such as bone marrow intracellular reactive oxy-
gen species (ROS) production, nitric oxide (NO) generation, and levels 
of oxidised glutathione (GSSG) and reduced glutathione (GSH) were 
estimated as a probable mechanism underlying this protection.

Materials and Methods

Chemicals
CDDP was purchased from Cadila Health Care Limited, Goa, 
India. Vanadium(III) trichloride, l-cysteine, 2′,7′-dichlorodihydro
fluorescein diacetate (DCFH-DA), dihydroethidium (DHE), N-(1-
napthyl) ethylenediamine dihydrochloride (NEDD), sulphanilamide, 
5,5′-dithio-bis(2-nitrobenzoic acid) (DTNB), ethidium bromide, 
Triton X-100, Giemsa modified stain solution, colchicine and diphe-
nylamine were obtained from Sigma-Aldrich Chemicals Private 
Limited, Bangalore, India. Fetal bovine serum (FBS), agarose and 
1 kb DNA ladder were purchased from Invitrogen Bio Services India 
Private Limited, Bangalore, India. In situ cell death detection kit, AP 
and BrdU labeling and detection kit II were purchased from Roche 

Diagnostics India Private Limited, Kolkata, India. All the other 
chemicals used were of analytical grade from Merck (India) Limited, 
Mumbai, India.

Animals
Adult (5–6 weeks) Swiss albino female mice (25 ± 2 g), bred in the 
animal colony of Chittaranjan National Cancer Institute (Kolkata, 
India) were used for this study. The mice were maintained at con-
trolled temperature (22 ± 2°C) and humidity (60 ± 5%) under alter-
nating light and dark conditions (12 h/12 h). Standard food pellets 
and drinking water were provided ad libitum. The experiments were 
carried out strictly following the guidelines of Institutional Animal 
Ethics Committee [Committee for the Purpose of Control and 
Supervision of Experiment on Animals (CPCSEA Registration No. 
1774/GO/RBi/S/14/CPCSEA), India].

Synthesis of VC-III
VC-III was synthesised following the literature procedure of 
Papaioannou et al. (14). Vanadium(III) chloride (500 mg, 3.17 nM) 
was dissolved in dry methanol (25 ml) and stirred using a magnetic 
stirrer at an ambient temperature under nitrogen atmosphere. Solid 
l-cysteine (1.16 g, 9.57 nM) was added to the solution in one por-
tion. Upon stirring for another 3 h, a greenish brown precipitate was 
formed. The precipitate was collected by filtration and washed with 
chilled methanol and diethyl ether and dried in vacuo over phospho-
rus pentoxide (15).

Experimental design
In the present study the mice were divided into five groups containing 
six animals (n = 6) in each group (Figure 2). Group 1 (vehicle-treated 
group): Each animal was given distilled water orally from Day 1 to 
9 and saline water intraperitoneally from Day 1 to 5. Group 2 (only 
VC-III-treated group): Each animal was treated only with VC-III at 
a dose of 1 mg/kg body weight (b.w.) orally throughout the experi-
mental period. Group  3 (CDDP-treated group): Each animal was 
injected with CDDP intraperitoneally at a dose of 5 mg/kg b.w. for 
consecutive 5 days (Day 1 to 5). Group 4 (concomitant treatment 
group): VC-III was administered orally at a dose of 1 mg/kg b.w. in 
water from Day 1 to 9 and CDDP was given as in Group 3 (Day 1 
to 5). Group 5 (pretreatment group): VC-III was administered orally 
at a dose of 1 mg/kg b.w. in water 7 days prior to CDDP treatment 
and then continued upto Day 9 and CDDP was given as in Group 3 
(Day 1 to 5). The mice were sacrificed on Day 10, 4 days after last 
injection of CDDP. All the experiments were performed twice.

Preparation of bone marrow cell suspension
The bone marrow from the femurs of mice was flushed out with 1× 
Hank’s balanced buffer solution (HBSS) into a centrifuge tube. The 
cells were collected by centrifugation at 500 g for 10 min. Cell pellets 
were resuspended with 1× HBSS containing 2% FBS. Then the bone 
marrow cellularity was determined and the samples were processed 
according to the methods described below.

In situ cell proliferation
Cell proliferation was measured using BrdU Labeling and Detection 
Kit II. The bone marrow cells were placed into BrdU-added pre-
warmed (37°C) cell culture medium for 60 min at 37°C, 5% CO2 
where the DNA of proliferating S-phase cells get labeled with BrdU. 
Then the cells were smeared on slides and fixed. The slides were 
subsequently incubated with an anti-BrdU monoclonal antibody (at Figure 1.  Structure of VC-III complex.
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37°C for 30 min), which was detected by an alkaline phosphatase-
conjugated-antimouse-immunoglobulin antibody (anti-mouse-Ig-
AP). The bound anti-mouse-Ig-AP was visualised using BCIP/NBT, 
an AP-substrate solution (16). The slides were then analysed with a 
light microscope (DM1000; Leica). Randomly selected cells (≥100) 
from 5–6 zones/slide were counted to determine the number of pro-
liferating cells. The BrdU labeling index (BrdU LI) was determined 
by dividing the number of labeled cells by total number of cells 
counted and then multiplying by 100.

Chromosomal aberration study
Mice were injected intraperitoneally with 0.03% colchicine 
(1 ml/100 g b.w.) 90 min before sacrifice. Marrow of the femur was 
flushed in 1% sodium citrate solution (37°C) and fixed in acetic acid/
methanol (1:3). Slides were prepared by the conventional flame drying 
technique followed by Giemsa staining (5:24 dilution in Sorenson’s 
phosphate buffer) for scoring bone marrow chromosomal aberration 
(CA) (17). Stained slides were evaluated by observing ≥100 cells/slide 
with a light microscope (DM1000; Leica) at ×1000 magnification and 
CA was expressed in terms of percentage of aberrated metaphase plate 
with respect to the total observed metaphase plates.

MN assay
The bone marrow cells were collected in 1 ml 0.075 M KCl solution 
and incubated at 37°C for 10 min. The tubes were centrifuged at 
500 g for 10 min and the pellet was carefully resuspended in, as little 
supernatant as possible. Two smears of bone marrow were prepared 
from each mouse. After air-drying, the smears were fixed in absolute 
methanol and stained by Giemsa (5:24 dilution in Sorenson’s phos-
phate buffer) (17). The slides were examined for the presence of MN 
at ×1000 magnification (DM1000; Leica). The number of MN were 
scored in ≥1000 non-overlapping, differentiated, uniformly stained 
cells/slide and expressed as percentage of the total cells counted.

Comet assay
Comet assay of murine bone marrow cells were performed follow-
ing a simplified protocol with slight modification (18). About 2 × 104 
cells were suspended in 75 μl of 1.0% low melting point agarose 
and layered onto half-frosted slides pre-coated with a thin layer 
of 1.0% normal melting point agarose. A third layer of 0.5% low 
melting point agarose was layered on the top of the second layer. 
The cells were lysed for 2 h at 4°C in lysing solution (pH 10.0, con-
taining 2.5 M NaCl, 100 mM EDTA, 10 mM Tris, 10% dimethyl 
sulfoxide, 1% Triton X-100). After lysis, the slides were subjected 

to electrophoresis in electrophoresis buffer (pH 13.1, containing 
1 mM EDTA, 0.3 M NaOH) for 30 min. After electrophoresis, the 
slides were neutralised with 0.4 M Tris-HCl (pH 7.5). The micro-
scopic slides were carefully dried at room temperature and stained 
with ethidium bromide in water (20 μg/ml; 80 μl/slide). The slides 
were examined at ×400 magnification under a fluorescence micro-
scope (DM4000 B; Leica) with imaging system. Komet 5.5 software 
(Andor Technology) was used to take the photomicrograph of cells 
and to analyse various parameters of the comet. Randomly selected 
cells (≥100) from each slide were analysed (two slides/animals in 
each group). The damage is represented by DNA fragments that 
have migrated out of the cell nucleus during electrophoresis and 
formed an image of a ‘comet’ tail (19). The parameters analysed for 
detection of DNA damage were damaged cell (%) in each group, 
average tail length [migration of the DNA from the nucleus (μm)] 
and Olive tail moment [product of tail length and the fraction of 
total DNA in the tail (arbitrary units)].

DNA fragmentation by diphenylamine assay
DNA fragmentation in the bone marrow cells were carried out 
according to Zhivotovsky et al. (20). Briefly, 2 × 106 cells were lysed 
in lysis buffer (5 mM Tris-HCl, pH 8.0, 20 mM EDTA and 0.5% 
Triton X-100) for 30 min at 4°C. The cell lysate were centrifuged 
at 15 000 g for 15 min at 4°C. Then, the supernatant containing 
small DNA fragments was separated from the pellet containing large 
pieces of DNA. The supernatant and pellet were resuspended in 10% 
and 5% of trichloroacetic acid, respectively, and kept overnight. 
Then both samples were heated at 95°C for 15 min and centrifuged 
at 2500 g for 5 min to remove proteins. Supernatant fractions were 
reacted with diphenylamine (DPA) for 4 h at 37°C and the develop-
ing blue colour was measured at 600 nm. DNA fragmentation in 
samples was expressed as percentage of total DNA appearing in the 
supernatant fraction.

DNA fragmentation by agarose gel electrophoresis
Bone marrow cells (1 × 106) were lysed with lysis buffer (5 mM 
Tris-HCl, pH 8.0, 20 mM EDTA and 0.5% Triton X-100) and kept 
on ice for 30 min. The lysate was incubated with RNase A (50 mg/
ml) at 37°C for 2 h followed by proteinase K (20 mg/ml) at 37°C 
for 2 h. The DNA was extracted with phenol:chloroform:isoamyl 
alcohol (25:24:1) and once again with chloroform:isoamyl alcohol 
(24:1). The DNA was precipitated with −20°C absolute ethanol 
and 5 M NaCl and kept at −20°C overnight. The precipitate was 
centrifuged at 15 000 g for 15 min, lyophilised and dissolved in TE 

Figure 2.  The experimental treatment schedule.
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buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) (20). To visualise the 
presence of DNA ladder, electrophoresis was performed in 1.5% 
agarose gel containing ethidium bromide (0.5  μg/ml); 1 kb DNA 
ladder was run in the same gel. DNA bands were visualised and 
photographed in a gel documentation system (Gel Doc™ XR+ sys-
tem; BioRad).

In situ cell death (apoptosis)
Apoptosis of bone marrow cells were determined by using the 
TUNEL method with the help of in situ cell death detection kit, 
according to the manufacturer’s instructions. Briefly, the cells were 
smeared on slides, permeabilised using 0.1% Triton X-100 and the 
slides were incubated with TUNEL reaction mixture containing 
the TdT and fluorescein-dUTP, at 37°C for 60 min in a humidified 
chamber (21). The slides were then analysed under a fluorescence 
microscope (DM4000 B; Leica) and photomicrographs were taken 
at ×400 magnification. The apoptotic cells were identified by green 
fluorescence. Randomly selected cells (≥100) from 5–6 zones/slide 
were counted to determine the number of apoptotic cells. Apoptotic 
index (AI) was determined as the percentage of the labeled nuclei 
with respect to the total number of nuclei counted.

Intracellular free radicals generation
Intracellular ROS measurement in bone marrow cells was determined 
following two simplified protocol with slight modification using two 
probes, DHE and DCFH-DA (22). DHE is a nonfluorescent dye and 
freely permeable to the cell. Upon oxidation by superoxide anions 
(O2

•−) forms the red fluorescent product ethidium (22). Cells (2 × 106) 
were loaded with 10  μM DHE and incubated in dark for 10 min 
to allow the formation of ethidium and then analysed for fluores-
cence (excitation at 475 nm, emission collected at 610 nm) using 
spectrofluorimeter (Cary Eclipse; Varian).

DCFH-DA is a nonfluorescent probe that is hydrolysed by mito-
chondrial esterase to form DCFH. DCFH upon oxidation by H2O2 
forms the fluorescent compound 2′,7′-dichlorofluorescein (DCF) 
(22). Cells (2 × 106) were loaded with 10 μM DCFH-DA and incu-
bated in dark for 30 min to allow the formation of DCF and then 
analysed for fluorescence (excitation at 485 nm, emission collected at 
529 nm) using spectrofluorimeter (Cary Eclipse; Varian).

NO production in bone marrow cells (2 × 106) was determined by 
estimating the levels of stable NO metabolites, viz., nitrate (NO3

−) 
and nitrite (NO2

−) ions by reaction with Griess reagent (1% sulpha-
nilamide, 5% phosphoric acid and 0.1% NEDD), using NaNO2 as 
standard (23). The absorbance was taken at 545 nm using UV-visible 
spectrophotometer (Infinite® 200 PRO; TECAN).

GSH and GSSG level
GSH and GSSG levels in bone marrow cells (2 × 106) were assessed 
by a kinetic assay in which catalytic amounts of GSH caused a con-
tinuous reduction of DTNB to TNB at 412 nm (24). Quantification 
was done by parallel estimation of standard curves of known GSH 
and GSSG concentrations.

Statistical analysis
All data were expressed as mean ± SD, n = 6 mice per group. The 
mean values were statistically analysed by one-way analysis of vari-
ance using GraphPad Prism (version 5.0; GraphPad Software, Inc., 
CA, USA) followed by appropriate post hoc test (Dunnett’s multiple 
comparison test). Significant difference was indicated when the P 
value was <0.05.

Results

Effect on bone marrow cellularity
In this study, the mice treated with CDDP showed significantly 
(P  <  0.001) reduced number of viable cells in femoral bone mar-
row (Figure 3A). But treatment with the test compound significantly 
(P < 0.001) increased the viable bone marrow cells count by 65.78 
and 97.13%, in case of concomitant treatment and pretreatment 
group, respectively.

Modulation of bone marrow cell proliferation
BrdU LI in the bone marrow cells of vehicle-treated group was found 
to be 51.82% (Figure 3B‒D), which was decreased distinctly due to 
the cytotoxic effect of CDDP in Group 3 to 24.18% (P < 0.001). The 
oraganovanadium compound significantly (P < 0.001) reversed the 
inhibitory effect of CDDP on cellular proliferation and raised BrdU 
LI to 35.81% in concomitant treatment schedule and to 40.48% in 
pretreatment schedule.

Prevention of CDDP-induced clastogenicity
Animals treated with CDDP showed significantly (P < 0.001) high 
proportion of CA of 36.28% (Table  1, Figure  4A) compared to 
relatively low frequency of chromosomal aberrations of 6.47% in 
vehicle-treated group. The frequency of CA was 22.34 and 16.42%, 
respectively, in case of concomitant and pretreatment group, 
which were significantly (P < 0.001) much lower compared to the 
CDDP-treated group.

Similarly, mice treated with CDDP showed significantly 
(P < 0.001) high MN frequency of 1.31 ± 0.06 compared to Group 1 
mice (0.22 ± 0.02) (Table 1, Figure 4B). Treatment with the organo-
vanadium compound in concomitant and pretreatment schedule was 
able to minimize MN frequency to a significant (P  < 0.001) level 
of ~0.68 ± 0.03 and 0.53 ± 0.04, respectively, compared to CDDP-
treated mice.

Protection from CDDP-induced DNA damage
Comet assay was carried out to examine DNA damage in bone mar-
row cells (Figure 5A‒E) and for this purpose damaged cell (%), aver-
age tail length (μm) and Olive tail moment were analysed (Table 1). 
Large round head and no tail was observed in the bone marrow 
cells of Group 1 mice. But CDDP treatment resulted in long comet 
tail formation due to DNA damage in significantly (P < 0.001) large 
number of cell population. DNA with diffused head and scattered tail 
was also observed. Concomitant treatment and pretreatment with 
the vanadium compound significantly (P < 0.001) reduced the num-
ber of damaged cells by 60.96 and 66.09%, respectively, compared 
to Group  3 mice. VC-III administration also mitigated comet tail 
length and Olive tail moment in comparison to CDDP-treated mice.

Attenuation of CDDP-induced DNA fragmentation
Genomic DNA fragmentation in bone marrow cells was found to be 
7.26% in Group 1 (Figure 6B). CDDP administration caused a sig-
nificantly (P < 0.001) greater rate (47.18%) of DNA fragmentation 
in Group 3 mice. In case of concomitant treatment and pretreatment 
group, the percentages of DNA fragmentation were significantly 
(P < 0.001) reduced to 25.16 and 22.39%, respectively. Similar to 
the spectrophotometric DNA fragmentation assay, the electropho-
retogram generated by agarose gel electrophoresis showed CDDP 
treatment resulted in a remarkable oligonucleosome length degra-
dation of DNA, characterised by mixed laddering and smearing of 
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DNA fragments (lane 4)  (Figure  6A). Treatment with VC-III well 
mitigated CDDP-induced DNA fragmentation, as evidenced by 
marked reduction in DNA ladder formation.

Reduction of CDDP-induced apoptosis
AI in the bone marrow cells of vehicle-treated group was found to 
be 4.17% (Figure 6C and D), which was increased markedly due to 
the cytotoxic effect of CDDP in Group 3 to 34.93% (P < 0.001). The 
test compound significantly (P  <  0.001) inhibited CDDP-induced 
apoptotic cell death to 15.85% in concomitant treatment schedule 
and to 12.03% in pretreatment schedule.

Amelioration of free radicals status
Administration of CDDP resulted in a significant (P < 0.001) increase 
in ROS and NO levels in bone marrow cells of Group 3 mice, in com-
parison to the vehicle-treated group (Figure 7A‒C), when estimated 
by DHE, DCFH-DA and Griess reagent, respectively. Concomitant 
treatment with VC-III resulted in significant (P < 0.001) reduction 
in O2

•−, H2O2 and NO levels by 21.44, 26.48 and 19.24% in com-
parison to the CDDP-treated group, respectively. In the pretreatment 

group, the reduction in O2
•−, H2O2 and NO levels was found to be 

27.83% (P < 0.001), 34.50% (P < 0.001) and 26.91% (P < 0.001), 
respectively, compared to CDDP-treated mice.

Restoration of GSH and GSSG levels
CDDP administration resulted in significant (P  <  0.001) deple-
tion of GSH level along with significant (P < 0.001) rise in GSSG 
level in Group 3 mice bone marrow cells compared to Group 1 
(Figure 7D and E). Concomitant treatment and pretreatment with 
VC-III increased GSH level by 33.22% (P  <  0.01) and 54.95% 
(P < 0.001), respectively, in comparison to Group 3. Additionally, 
concomitant treatment and 7  days pretreatment with the vana-
dium compound significantly (P  <  0.001) reduced the elevated 
level of GSSG by 24.32 and 36.04%, respectively, compared to 
Group 3.

Discussion

The bone marrow is the primary site of the body where hemat-
opoietic stem cells and more mature blood cells lineage progenitors 

Figure 3.  VC-III induced protection against CDDP-induced myelosuppression. Histograms show (A) bone marrow cellularity and (B) BrdU LI (%) in different 
groups after CDDP administration. Data were represented as mean ± SD, n = 6. **Significantly (P < 0.001) different from Group 1 and ##significantly (P < 0.001) 
different from Group 3. Representative photomicrographs of cell proliferation assay showing (C) non-proliferating cells and (D) proliferating cells (indicated by 
BCIP/NBT staining), ×400 magnification, scale bar = 25 μm.

Table 1.  Attenuation of chromosomal aberration (%), micronuclei formation (%) and DNA damage (comet assay) in bone marrow cells by 
VC-III complex in CDDP-treated mice

Groups Chromosomal aberration (%) Micronuclei (%) DNA damage (comet assay)

Damaged cell (%) Comet tail length (μm) Olive tail moment

Group 1 6.47 ± 0.91 0.22 ± 0.02 8.15 ± 1.04 2.62 ± 0.38 0.35 ± 0.06
Group 2 6.29 ± 0.74 0.20 ± 0.01 7.59 ± 0.89 2.25 ± 0.25 0.26 ± 0.03
Group 3 36.28 ± 2.71** 1.31 ± 0.06** 54.46 ± 4.22** 32.20 ± 2.83** 9.52 ± 0.68**
Group 4 22.34 ± 2.40## 0.68 ± 0.03## 21.27 ± 2.31## 12.73 ± 1.48## 2.18 ± 0.26##

Group 5 16.42 ± 1.33## 0.53 ± 0.04## 18.51 ± 2.09## 10.38 ± 1.11## 1.79 ± 0.19##

Data were represented as mean ± SD, n = 6. **Significantly (P < 0.001) different from Group 1; ##Significantly (P < 0.001) different from Group 3.
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reside and differentiate in an adult cell population (25). Due to the 
proliferating nature, the bone marrow cells are very much sensi-
tive to clastogenic chemicals and susceptible to DNA damage (26). 
This damage, particularly in such undifferentiated cell population 
of bone marrow, is dangerous because it can lead to mutations and 
genetic rearrangements. If such cells survive and proliferate, the risk 
of secondary cancer such as leukaemia increases (6,27–29). The cur-
rent study demonstrated that the test compound VC-III was neither 
clastogenic nor cytotoxic at the tested dose. Moreover, it provided 

adequate protection to murine bone marrow cells against CDDP-
induced myelosuppression as evident from cellularity of femoral 
bone marrow. Inhibition of cell proliferation is one of the major 
causes of CDDP-induced myelotoxicity and related complications. 
In this study, cell proliferation was markedly suppressed by CDDP as 
reflected by BrdU labeling assay. In this assay, BrdU gets incorporated 
into DNA in place of thymidine and BrdU-labeled cells serve as a 
measure of DNA synthesis or cell proliferation (30). Treatment with 
the oraganovanadium compound effectively reversed CDDP-induced 

Figure 4.  VC-III mediated prevention of CDDP-induced clastogenesis. (A) Metaphase complements of bone marrow cells showing structural aberrations, ×1000 
magnification, scale bar = 10 μm. Arrows indicate break (B), gap (G), sister-chromatid union (SCU) and terminal deletion (TD). (B) Representative photomicrograph 
of Giemsa-stained bone marrow slide showing MN (indicated by black arrow), ×1000 magnification, scale bar = 10 μm.

Figure 5.  VC-III attenuated DNA damage induced by CDDP in murine bone marrow cells. Photomicrographs of DNA damage (comet assay) found in different 
groups, ×400 magnification. (A) Intact DNA with no tail in Group 1, (B) no DNA damage observed in Group 2, (C) highly damaged DNA with scattered tail 
migration in Group 3, (D) less migration of DNA with short comet tail in Group 4 and (E) minimal migration of DNA with small tail in Group 5.
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inhibition of bone marrow cell proliferation. This indicates that the 
compound may provide protection to the early progenitor cells and 
pluripotent stem cells of the bone marrow niche.

Developments of CA and MN have been commonly used as sen-
sitive indicators in the clastogenic assays of a drug (3). During pro-
liferation if a clastogenic agent is administered it may act during the 

Figure  6.  VC-III reduced CDDP-induced DNA fragmentation and apoptosis in bone marrow niche. (A) Agarose gel electrophoresis of mouse bone marrow 
genomic DNA. Lane 1: 1 kb DNA ladder; lane 2: Group 1; lane 3: Group 2; lane 4: Group 3; lane 5: Group 4; lane 6: Group 5. (C) Representative photomicrograph 
of TUNEL assay performed in bone marrow cells, × 200 magnification. Apoptotic cells (TUNEL label cells) are indicated by white arrows whereas non-apoptotic 
cells are indicated by white broken arrows. To the right, histograms show quantification of (B) DNA fragmentation (%) and (D) apoptotic index (%) in mice 
bone marrow cells after CDDP administration. Data were represented as mean ± SD, n = 6. **Significantly (P < 0.001) different from Group 1 and ##significantly 
(P < 0.001) different from Group 3.

Figure 7.  VC-III modulated CDDP-induced alteration of cellular redox status in bone marrow cells of mice. VC-III reduced (A) O2
•− level, (B) H2O2 level, (C) NO level, 

(D) GSSG level and enhanced (E) GSH level in bone marrow cells. Data were represented as mean ± SD, n = 6. **Significantly (P < 0.001) different from Group 1, 
#significantly (P < 0.01) different from Group 3 and ##significantly (P < 0.001) different from Group 3.
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cell division and cause chromosomal damage, such as break (31). 
The mitotic plate of CDDP-treated mice showed high incidence of 
aberrations; among which most common were stretching, chromatid 
break and gap. CDDP administration in mice also showed high MN 
frequency in bone marrow cells. This suggests increased rate of chro-
mosome loss or fragmentation during earlier nuclear division upon 
CDDP treatment. Treatment with the test compound significantly 
minimised the incidence of CA and MN in the bone marrow niche. 
These observations clearly suggest the preventive role of VC-III 
against the clastogenic potential of CDDP.

The extent of DNA damage was estimated by comet assay, 
DNA agarose gel electrophoresis and DPA assay which allows the 
detection of diverse kinds of DNA damage (32,33). Results from 
the comet assay showed increase in the extent of DNA damage in 
CDDP-treated murine bone marrow cells as evident from signifi-
cant elevation in damage cell (%), comet tail length and Olive tail 
moment. Administration of CDDP also resulted into DNA ladder 
formation indicating rise in DNA fragmentation and it was quan-
titatively confirmed in terms of colourimetric DPA assay. Treatment 
with VC-III substantially mitigated CDDP-induced DNA damage 
and its associated parameters in comet assay. VC-III administra-
tion also reduced fragmented DNA (%). The electrophoretogram of 
genomic DNA agarose gel electrophoresis showed similar trend of 
protection exerted by the test compound. These results undoubtedly 
indicates that the oraganovanadium compound possess potent geno-
protective efficacy.

Finally, apoptotic cell death was evaluated in this study by 
means of TUNEL assay. This assay has been designed to detect cells 
that undergo internucleosomal DNA cleavage which is a hallmark 
of apoptosis (34). CDDP-treated mice showed high proportion of 
TUNEL-positive cells. This may be due to the direct cytotoxicity 
or extensive induction of DNA damage that leads to cell death (5). 
Treatment with the vanadium compound diminished this apoptotic 
cell death and conferred cytoprotection to the host.

In this present work the mechanism of VC-III-mediated protec-
tion of murine bone marrow cells from CDDP-induced toxicity need 
to be studied. It is well known that CDDP treatment has been found 
to increase generation of free radicals, such as O2

•−, H2O2, 
•OH, and 

NO in the host (4). Accumulation of these free radicals may cause 
damage to cellular genome and other critical biomolecules which 
ultimately leads to genotoxicity and secondary malignancies (35,36). 
In the present study, in order to evaluate whether the observed geno-
protective and cytoprotective effect was due to the modulation of 
cellular antioxidant system, oxidative stress markers such as genera-
tion of ROS, NO and GSSG, GSH levels were determined.

In the present work, CDDP administration significantly increased 
O2

•−, H2O2 and NO level in the bone marrow cells of Group 3 mice 
as measured by DHE, DCFH-DA and Griess reagent, respectively. 
On the other hand, organovanadium complex VC-III prevented 
CDDP-induced generation of free radicals and oxidative stress, 
which could be attributed to free radical scavenging activity of the 
test compound. CDDP treatment also caused significant depletion of 
GSH level and increase in GSSG level in Group 3 mice. Reduction of 
GSH level was ascribed to the utilization of GSH to combat CDDP-
generated free radicals which also clarified the elevation of its oxi-
dised form. Treatment with VC-III restored the GSH and GSSG level 
and normalised the condition. These results suggest that the protec-
tion by VC-III may be mediated through the modulation of cellular 
antioxidant system. These observations were in line with previous 
study in which VC-III was reported to have potent antioxidant effi-
cacy (15).

In conclusion, this study demonstrates for the first time that an 
organovanadium compound possesses a protective role in the abate-
ment of CDDP-induced genotoxicity and myelosuppression in mice. 
One probable justification of VC-III-mediated protection is that 
simultaneous treatment with VC-III would allow inception of free 
radicals generated by CDDP before they reach DNA and induce 
damage. In addition, vanadium-mediated induction of the DNA 
repair mechanism could possibly take place (37,38). Therefore, 
VC-III can be a promising chemoprotective agent to overcome 
CDDP-induced myelosuppression and simultaneous treatment fail-
ure; and may be useful to avert secondary malignancy and to reduce 
the risk for abnormal reproductive outcomes in cancer patients and 
medical personnel exposed to CDDP.
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