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Genotoxicity is the property of chemical agents that 
damages the genetic information within a cell 
causing muta�ons, which may lead to cancer. All 
mutagens are genotoxic; but not all genotoxic 
substances are mutagenic. The alteration can have 
direct or indirect effects on the DNA: the induction 
of mutations, mistimed event activation, and direct 
DNA damage leading to mutations. The permanent, 
heritable changes can affect either soma�c cells of 
the organism or germ cells to be passed on to future 
generations.[1] Cells prevent expression of the 
genotoxic mutation by either DNA repair or 
apoptosis. However, the damage may not always be 
xed leading to mutagenesis. This DNA damage 
can be in the form of single and double-strand 
breaks, loss of excision repair, cross-linking, 
alkali-labile sites, point mutations, and structural 
and numerical chromosomal aberrations.[2] The 
compromised integrity of the genetic material 
causes cancer. As a result, many modern techniques 
such as Ames Assay, in vitro and in vivo Toxicology 
Test, and Comet Assay have been developed to 
assess the chemicals' potential to cause DNA 

damage that may lead to cancer.The anti- 
mutagenic effect of certain naturally occurring 
compounds extracted from plants has been well 

[3,4]established in bacteria and mammalian cells .  
Bacterial short-term tests, used to detect 
environmental mutagens, are recommended for 

[3,5]identifying antimutagens.  Combined with 
mammalian enzymes, they provide information 
about the kind of metabolic activation or 
detoxication that the agent may undergo in vivo. 
Cyclophosphamide (C H Cl N 0 P) having 7 1 5 2 2 2

molecular mass 261.086 g/mol  is  used as a 
chemotherapeutic and immunosuppressive agent  
for the treatment of a neoplastic  as well as  
autoimmune diseases. There are several reports 
indicating the carcinogenic effects of Cycloph-

[6]
osphamide (CP) in humans and animals .  It causes 
genotoxicity in mice bone marrow cells. 
The mammalian in vivo chromosome aberration 
test is used for the detection of structural 
chromosome aberrations induced by test 
compounds in bone marrow cells of animals, 
usually rodents. Structural chromosome 
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ABSTRACT

The protective effect of   Asparagus adscendens was evaluated on genotoxicity induced  by an alkylating 
agent Cyclophosphamide. The present study deals with the anti-genotoxic effect on DNA and 
chromosome damage. This study was carried out by   using  chromosome aberration assay and 
micronucleus test. Different group of mice were treated with Asparagus adscendens for 14 days and 24 
hour after the last injection with   Cyclophosphamide  at dose of 70mg/kg body weight and Colchicines at 
dose of 4mg/kg before two hours of the autopsy. In Chromosomal Aberration assay, a significant 
difference was seen in the % aberration in chromosome treated with Asparagus adscendens as compared 
to control group . The same results were also observed in the frequency of micronucleus data of all animals 
.The results of this study strongly recommended that the plant Asparagus adscendens may be used as  an 
anti-genotoxic   agent, but further study is  required to establish its biochemical mechanism of action.
Keywords   :    Cyclophosphamide;  Genotoxicity; Asparagus Adscendens;  Colchicines;   Antioxidant; 
Antimutagens; Chromosome Aberration Assay; Micronucleus Assay
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aberrations may be of two types, chromosome or 
chromatid. An increase in polyploidy may indicate 
that a chemical has the potential to induce 
numerical aberrations. With the majority of 
chemical mutagens, induced aberrations are of the 
chromatid-type, but chromosome-type aberrations 
also occur. Chromosome mutations and related 
events are the cause of many human genetic diseases 
and there is substantial evidence that chromosome 
mutations and related events causing alterations in 
oncogenes and tumour suppressor genes are 
involved in cancer in humans and experimental 
systems. Rodents are routinely used in this test. Bone 
marrow is the target tissue in this test, since it is a 
highly vascularised tissue, and it contains a 
population of rapidly cycling cells that can be readily 
isolated and processed. Other species and target 
tissues are not the subject of this guideline.                    

This chromosome aberration assay is also a 
powerful classical cytogenetic tool for genoto-
xicity testing and especially relevant to assessing 
mutagenic hazard in that it allows consideration of 
factors of in vivo metabolism, pharmacokinetics 
and DNA-repair processes although these may 
vary among species and among tissues. An in vivo 
test is also useful for further investigation of a 

[7]mutagenic effect detected by an in vitro test.  
Asparagus adscendens is mainly known for its 
phytoestrogenic properties. With an increasing 
realization that hormone replacement therapy with 
synthetic oestrogens is neither as safe nor as 
effective as previously envisaged, the interest in 
plant-derived oestrogens has increased tremen-
dously making Asparagus adscendens particularly 
important. The plant has been shown to be useful in 
the treatment of neurodegenerative disorders and in 
alcohol abstinence-induced withdrawal symptoms. 

MATERIALS AND METHOD
Experimental Design
The mice were divided into four groups and were 
subjected to the following chemical treatment.
Group I    :    Control
Group II  :   Cyclophasphamide + Colchicine (70 

mg/kg +4mg/kg)
Group III :  Asparagus adscendens + Colchicines 

(400 mg/Kg+ 4mg/kg)
Group 1V :  Asparagus  adscendens  +  CP+ 

Colchicine (400 mg/Kg+70mg/ 
kg+4mg/kg)

Chromosome Aberration Assay
Procedure for Bone Marrow Chromosome 
Aberration Assay :
(1) Sample Collection
 The animals were sacriced by cervical 

dislocation 24 h after the last dose of 
Cyclophosphamide with single IP injection of 
colchicine before two hours of the autopsy and 
both the femur bones were removed clean by 
cotton and the bone marrow was extracted in 
1% sodium citrate using 25 g needle ushed 
thoroughly. It was then further processed 
(Chromosomal assay).

(2) Slide Preparation   
 The mice are treated with the Asparagus 

Adscendens and then exposed to Cyclopho-
sphamide with colchicine. The mice are then 
sacriced by cervical dislocation. The animal is 
dissected open and both femur bones are 
removed and cleaned by cotton gauge from the 
adhering muscle and tissue.  The cap of the bone 
is broken open and the bone marrow tissue is 
retrieved. This is then transferred carefully into a 
centrifuge tube containing 1% sodium citrate 
using 25 g needle and centrifuged at 2000 rpm 
for 10 min . the supernatant being 

subsequently removed and the pelleted 

cells xed by addition of 5ml hypotonic 
solution of (0.075M)  KCl. To the residual cell 
pellet and mix the material thoroughly with the 
help of pasture pipette and incubate the cells in 
water bath for 20 minutes at 37° C. Centrifuged 
the tubes after 20 minute at 1000rpm for 10 
minutes, discarded the supernatant and add 
5ml/tube freshly prepared chilled carnooy's 
xative (Methanol:Acetic Acid in 3:1 Ratio). 
Re-suspend the cells gently and refrigerate for 
12hrs at 4° C. Put the clean glass slide in 
refrigerator. Centrifuge the mixed cells for 10 
minutes at 1000rpm and discard the supernatant, 
add 0 .3 to 0 .4 µl fresh chilled  carnoy's  xative 
to each tube and re-suspend the cells, take out 
the slides from the freeze. Dropped the above 
prepared  cell suspension with help of 
siliconiged Pasteur pipette for the height of near 
bout 6 feet on clean chilled microscope slide 
drop by drop at different places on the slide and 
left to air dried on hot plate at 40° C and then 
stained with Giemsa in a phosphate buffer.
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(3)  Staining Protocol
1.  The slide was air-dried and stained with 10% 

Giemsa stains for 10 minute.  
2.  Washed in plain water to remove excess stain.
3. Dehydrate with acetone and treated acetone: 

xylene (1:1) and then with pure xylene.
4. Mounted in DPX mountant for making of 

permanent slides.

(4)  Slide Scoring 
Two slides were prepared from each animal. Slides 
were coded and observed under 100x magni-
cation with oil. At  least 100 metaphase were 
observed from each group for the assessment of 
chrosomal abnormality both in number and 
structure. The ring chromosome and chromosomal 
break was taken as chrosomal aberration, count 
both two type of aberration in cell out of 100 
metaphases.

Fig. 1: Photomicrograph showing ring and break chromosome in metaphage cells of Balb/c mice

Micronucleus Assay
 Procedure for Bone Marrow Micronucleus Assay :
(1)   Sample Collection 
 The animals were sacriced by cervical 

dislocation 24 h after the last dose of 
Cyclophosphamide and both the femur bones 
were removed clean by cotton and the bone 
marrow was extracted in FCS (fetal calf serum) 
and ushed thoroughly. It was then further 
processed (Micronucleus Test).

(2) Slide Preparation 
 The mice are treated with the Asparagus 

Adscendens and then exposed to Cyclopho-
sphamide. The mice are then sacriced twenty-
four hours later by cervical dislocation. The 
animal is dissected open and both femur bones 
are removed and cleaned by cotton gauge from 
the adhering muscle and tissue.  The cap of the 
bone is broken open and the bone marrow 
tissue is retrieved. This is then transferred 
carefully into a centrifuge tube containing fetal 
calf serum (FCS) using 25 g needle and 

centrifuged at 1000 rpm for 5 min. The 
supernatant is then removed with the help of a 
Pasteur pipette. The residue left behind is 
mixed thoroughly with the help of Pasteur 
pipette and smeared onto a clean slide. The 
slide is air-dried. These air-dried smear slides 
are stained in May-Grunwald and Giemsa 
stains following a specic procedure.

(3) Staining Protocol 
1.  The slides were immersed in 100% May-

Grunwald stain for 5 min.
2.  It was then immersed in 50% May-Grunwald 

stain for 3 min.
3.  Washed in plain water to remove excess stain 

-3 times.
4.   Immersed in Giemsa stain (1:6) for 10 min.
5.   Washed  in plain water to remove excess stain 

-3 times.
6.  Immersed in Xylene for 5 min. (dehydrating 

agent).
7.  Mounted in DPX mountant for making of 

permanent slides.
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(4)  Slide Scoring  
 Two slides were prepared from each animal. 

Slides were coded and observed under 100 x 
magnication with oil .  At least 1000 
polychromatic erythrocytes (PCEs) with or 
without micronuclei and the corresponding 
number of normochromatic erythrocytes 
(NCEs) were scored from each slide. PCEs, 

micronucleated polychromatic erythrocytes 
( m n - P C E s ) ,  N C E s ,  m i c r o n u c l e a t e d 
normochromatic erythrocytes (mn-NCEs) 
were recorded from each slide. PCEs are 
immature erythrocytes which are bluish in 
co lour  whi le   the  NCEs are  mature 
erythrocytes which are golden in colour.

Figure 2: Photomicrograph showing Polychromatic and normochromatic micronucleted cells 

in bone marrow of Balb/c mice.

RESULTS
Body Weight 

rd
After protective treatment with different dose of Asparagus adscendens in group 3  for 14 consecutive 

nd th 
days showed increase in body weight as compared to the Group-2  (C.P) and 4 (As  . A + CP).
 CP Induced Genotoxicity and  It's Recovery by AA Plant Extract in Balb/c Mice

          
 

Initial Final 

 

  Initial Final 

1M 22.0 22.0 

 

4M 28.00 27.60 

2M 26.8 26.8 

 

5M 28.80 27.18 

3M 24.8 24.6 

 

6M 28.91 27.71 

Mean 24.53 24.47 

 

Mean 28.57 27.50 

±SD 2.41 2.40 

 

±SD 0.50 0.28 

 

Table 2: Group-1 Control Table3  :Group-2 + Ve Ctrl (CP 70 mg/kg)
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Table 4:  Group-3 AA 400mg/kg Table 5: Group-4 (AA 400+CP 70 mg/kg)   

       
 

Initial Final 
  

Initial Final 

7M 31.40 33.39 
 

10M 38.80 36.00 

8M 31.20 32.8.1 
 

11M 39.60 38.20 

9M 32.40 32.85 
 

12M 38.40 37.20 

   Mean 31.67 33.12 
 

Mean 38.93 37.13 

±SD 0.64 0.38 
 

±SD 0.61 1.10 

 

      Table 6: Average body wt. of   all  different groups of mice

 

Group-1 

Control 

Group-2 +Ve 

Ctrl(CP 70 mg/kg) 

Group-3 AA 

400mg/kg 

Group-4(AA 

400+CP 70 

mg/kg) 

 
Initial Final Initial Final Initial Final Initial Final 

Mean 24.53 24.47 28.57 27.50 31.67 33.12 38.93 37.13 

±SD 2.41 2.40 0.50 0.28 0.64 0.38 0.61 1.10 

 

Figure 3 : Average Body wt. of all different groups of mice
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Food Intake Record
st

On the 1  day (before giving any dose of   As. A and 
C.P) of study, there is no signicant difference in 
water uptake in all group  of mice. After 14 days 

nd
treatment with the dose of CP (G-2  ) and C.P+AA 

th rd 
(G-4 ) mice as compared to the G-3 consumed 
signicantly high amount of food except .

CP  Induced   Genotoxicity and  It's Recovery by AA Plant Extract in Balb/c Mice

Food intake of all four group of mice

Table 7 : Initial Food Intake 

Cages Group 
Total Pellet 

Given gm. 

Pellet 

Remained(gm) 

Total Consumed/ 

Group/Day/(gm) 

Average Pellet/ 

Mice/Day 

Cages 1 G I 150 138 12.0 4.00 

Cage-2 G II 150 139 11.0 3.66 

Cages-3 G III 150 137 13.0 4.33 

Cages-4 G IV 150 137.5 12.5 4.16 

      
                                                                    Table 8 : Final Food Intake 

Cages Group 
Total Pellet 

Given gm. 

Pellet 

Remained(gm) 

Total 

Consumed/Group/Day

/(gm) 

Average 

Pellet/Mice/Day 

Cages 1 G I 150 137.5 12.5 4.16 

Cages-2 G II 150 137 13.0 4.33 

Cages-3 G III 150 136.4 13.6 4.53 

Cages-4 G IV 150 136 14.0 4.66 

       

                                Average Food intake of all four  group of mice

Table9 : Average Food Intake/animal/Day 

Groups Initial Final 

GROUP- I Control 4.00 4.16 

GROUP- II +Ve Control 3.66 4.33 

GROUP- III 400 mg/Kg AA 4.33 4.53 

GROUP- IV 400mg/kg AA+70mg/Kg CP 4.16 4.66 
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Figure 4 :   Average Food intake of all four group of mice

Water intake of all four group of mice

Water Intake Record
st

On the 1  day before giving any dose of A.A and CP 
of study there is no signicant  difference in water 
intake in all group of mice but after 14 days 

treatment with the dose of C.P  Group.II and 
rd th nd

C.P+A.A Group 3  and 4  mice of group 2  C.P 
control signicantly consumed high amount of 
water as compared to all other groups of mice.

 Table 10 : Initial Water Intake 

Cage 

No. 
Group

 

Total water 

Given (gm) 

Water 

Remained(gm) 

Total Consumed/ 

Group/Day/(gm) 

Average 

Water/Mice/Day 

Cage- 1 G I 200 186.0 14.0 4.66 

Cage-2 G II 200 186.5 13.5 4.50 

Cage-3 G III 200 185.8 14.2 4.73 

Cage-4 G IV 200 186.2 13.8 4.60 

      
       Table 11 : Final Water Intake  

Cage 

No. 
Group

 

Total 

Water 

Given gm. 

Water 

Remained(gm) 

Total Consumed/ 

Group/Day/(gm) 

Average 

Water/Mice/Day 

Cage-1 G I 200 185.0 15.0 5.00 

Cage-2 G II 200 184.8 15.2 5.06 

Cage-3 G III 200 184.5 15.5 5.16 

Cage-4 G IV 200 184.4 15.9 5.30 
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Average Water intake of all Four group of mice

 Table 12  :Average Water and Intake/animal/Day 

   
Groups Initial Final 

GROUP- I Control 4.66 5.00 

GROUP- II +Ve Control 4.50 5.06 

GROUP- III 400 mg/Kg AA 4.73 5.16 

GROUP- IV 400mg/kg AA+70mg/Kg CP 4.60 5.30 

 

Figure   5 : Average Water intake of all four groups of mice

Chromosomal Aberration Assay
In chromosomal aberration assay, analyzed 100  
metaphase/group, the ring chromosome and 
chromosomal breaks was taken as a parameter for 
chromosomal aberration assay.  In every group 
count the number of ring chromosome and 
chromosomal breaks out of 100 metaphase  and 
calculate the % chromosomal aberration in every 
group. In the positive control 63% aberration was 
seen that is signicantly different from the % 
aberration(11%) of control.  The animals treated 

with AA at dose 400mg/kg body weight showing 
the 15% aberration that is not signicantly different  
form  the control. The animals of group-IV was 
initially treated with AA at doses  of 400mg/kg for 
the period of 7 days and before 24hrs of the last 
dose the animals also treated with a single intra 
peritoneal  injection of  70mg/kg Cyclophas-
pamide , in this group the % of aberration was 19 % 
that is signicantly different from the Positive 
control but control.
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   Table 13 :  Showing the Number of Different Chromosomal   aberrations and the % of     

Aberration in all groups

Groups 

Total Number 

of Metaphase 

Analysed 

Ring 
Chromosome 

 

Chromosomal
Break  

% 
Chromosomal 

Aberration
 

GROUP- I Control 100 3 8 11 

GROUP- II +Ve Control 100 15 48 63 

GROUP- III 400 mg/Kg 

AA 
100 5 10 15 

GROUP- IV 400mg/Kg 

AA+70mg/Kg CP  
100 7 12 19 

 

* Data are significantly different than control (p<0.001).
 # Data are significantly different than CP control (p<0.001).

Fig 6 :  Showing the frequency of Different Chromosomal  aberrations and the % of 

 Aberration in all groups

Micronucleus Assay
Asparagus adscendens is medicinal plant that 
shows many medicinal activities. In this study the 
frequency of mn-PCE in control group was 
0.245±0.082. The frequency of mn-PCEs in 
asparagus treated groups 400 mg/kg was 
0.584±0.076. As expected in cyclophosphamide 
group the frequency of mn-PCEs was signicantly 

increased up to 1.989±0.076.  A group of mice 
treated with orally administered of asparagus 400 
mg/kg for the period of one week and then treated 
with a single injection of cyclophosphamide before 
the 24 hrs of the last dose signicant reductions in 
the frequency of mn-PCEs as compared to 
cyclophosphamide exposed group alone. The 
frequency was 0.740±0.048(Table-14)
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Table 14  :  Effect of Asparagus adscendens  of average micro nucleated polychromatic 
erythrocytes (mn-PCE) induced by cyclophaspamide in Balb/c mice

Group Polychromatic erythrocytes (PCEs) 

Mg/kg PCEs mn‐PCEs % mn‐PCEs 

Control(1) 2010 2 0.100 

Control(2) 2005 1 0.050 

Control(3) 2012 2 0.099 

Pooled  6027 5 0.245±0.082 

CP‐50 (1) 2014 13 0.645 

CP‐50 (2) 2011 12 0.597 

CP‐50 (3) 2010 15 0.746 

Pooled  6071 40* 1.989±0.076 

AA 400(1) 2014 3 0.149 

AA 400(2) 2075 5 0.241 

AA 400 (3) 2060 4 0.194 

Pooled  6149 12 0.584±0.064 

AA 400+CP 70(1) 2034 5 0.246 

AA 400+CP 70(2) 2012 4 0.199 

AA 400+CP 70 (3) 2033 6 0.295 

Pooled  6079 15 0.740±0.048 

 * Data are signicantly different than control (p<0.001).

# Data are signicantly different than CP control (p<0.001).

Figure 7 :  Effect of Asparagus adscendens on frequency of bone marrow micronucleated 
polychromatic erythrocytes (mn-PCE) induced by cyclophosphamide in Balb/c mice
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DISSCUSSION
Genotoxicity studies have been frequently 
conducted on bone marrow in mice for the 
evaluatation of mutagenic potential associated with 
acute or chronic exposure to aqueous plant extract 
and also for the anti-gentoxic potential of drugs, 
food products   and plant products. Recently, 
particular attention has been devoted to the M.N 
assay in order to identify substances with genotoxic 
activity. This test allows the detection of DNA 
damage such as single and double-strand breaks 
after acute and/or chronic exposure to a genotoxic 
agent . Chromosome aberration assay has  been 
used for the validation  of  M.N Assay results. 
Genotoxicity treatments include: alkylating agent 
that modies  DNA bases and thus interferes with 
DNA replication and transcription; intercalating 
agents that wedge into the spaces between the 
nucleotides in the DNA double helix and interfere 
with transcription and replication; and enzyme 
inhibitors which induce DNA damage by inhibiting 
key enzymes such as the topoisomerases which are 
involved in DNA replication. Cyclophosphamide( 
C P ) is believed to be involved in induction of DNA 
damage through the inhibition of  topoisomerase II 
and free radical generation by redox reactions. We 
found that C P induced a signicant increase in 
DNA damage score and the frequency of 
chromosome abnormalities by breaking the 
metaphase chromosomes, In addition, we also 
found that C P shows similar effect in micronucleus 
assay, the treatment of CP at dose of 70 mg/kg body 
weight shows a signicant increase in the number 
of micro nucleated polychromatic erythrocyte. 
Natural antioxidants have been used to prevent 
chromosome damage induced as a strategy to 
attenuate the toxicity in bone marrow with agents 
such as CP.  In many studies,   Asparagus 
adscendens (AA) has shown good antioxidant 
activities   . Due to antioxidant potential of 
Asparagus adscendens (AA), we use this plant for 
the antigentoxic potential against CP induced 
genotoxicity, In our study, the results showed  that  
ethanolic extract of AA at dose 400mg/kg  did not 
show any genotoxic effect on mice bone marrow 
that suggests that the substances present in the 
extract are not clastogenic nor do they promote 
DNA damage.  The one week treatment of AA at 
dose of  400mg/kg day induced only 15% 

aberration that is not signicantly different from 
the control data (11%) . The same effect was also 
seen in the results of micronucleus assay. The 
animals were initially  treated  with AA plant 
extract for one week and also given a single intra 
peritoneal injection of CP at dose 70 mg/kg before 
24hrs of last dose. The frequency of micro 
nucleated polychromatic erythrocytes and the % 
aberration was not signicantly different from the 
control data, these results showed the protective 
effect of AA aqueous plant extract on genotoxicity 
induced by CP. Our results demonstrate that 
Asparagus adscendens aqueous plant extracts have 
no genotoxic effect on bone marrow  and can 
provide effective protection to mice bone marrow 
against CP induced DNA damage. Our ndings 
indicate that further investigations are necessary to 
evaluate the in vivo  benets  of Asparagus 
adscendens  aqueous plant extract. 
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