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ABSTRACT   

Cancer is worldwide burden and is addressed from decades, and need to be put an end. Chemotherapy produces 

genotoxicity. Nature is the best remedy for every toxicity, if it should be properly put to use/ studied. In our study we use 

extract for reduced the clastogenotoxicity, hepatotoxicity and nephrotoxicity that were induced by doxorubicin single 

dose (12 mg/kg i.p). Rats were orally pre-treated with Fragaria × ananassa Duch extract (200 and 400 mg/kg) for five 

consecutive days. On 5th day, these animals were injected with Doxorubicin and sacrificed after 24 hrs for evaluation of 

oxidative stress, kidney function test, liver function test, micronucleus formation, and chromosomal aberrations. Thus the 

present study indicates the protective effect of Fragaria × ananassa Duch extract  
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INTRODUCTION: 

Cancer is one of the most common fatal diseases in global society. Chemotherapeutics are often used to 

inhibit the proliferation of cancerous cells. Doxorubicin (DOX), widely used drug is a part of drugs known as 

anthracycline antibiotics. It is extensively used for the treatment of various types of solid and hematogenous 

tumors including cancer of blood, bone, breast, ovaries, testicles, thyroid, head and neck, bladder, stomach 

and soft tissues etc. However, application of DOX as an effective chemotherapeutic agent is often restricted 

because of its extensive adverse side-effects that include nausea, vomiting, hemopoetic suppression, 

nephrotoxicity, hepatotoxicity, urotoxicity, cardiotoxicity, immunotoxicity, mutagenicity, carcinogenicity, and 

teratogenicity.1  

Natural products have been shown to be an outstanding and consistent source for the development of new 

drugs. Flavonoids and phenolic compounds are found to exhibit diverse biological properties, including 

hepatoprotective, anti-bacterial, and anticancer activities. The advantages of phenolic compounds are 

generally thought to be due to their antioxidant and free radical scavenging properties2 

The numerous beneficial effects attributed to phenolic compounds have given rise to a new interest in finding 

vegetal species with high phenolic content and relevant biological activity. Among them, berries constitute a 

rich dietary source of phenolic antioxidant and bioactive 6+ Properties3.  

Strawberry (Fragaria × ananassa Duch) berry fruit play a fundamental role in the antioxidant, 

chemopreventive, and anti-inflammatory activities, but in addition to anthocyanins, other phenolic 

compounds, such as ellagitannins and flavonols, seem to exert a protective role in carcinogenesis by reducing 

the bioavailability of carcinogens4. Many studies have also confirmed the influence of genotype on the 

phytochemical composition of strawberry fruit antioxidant capacity, so that it is possible to find new 

genotypes and cultivars producing fruit with higher contents of bioactive compounds, explore new genetic 

resources, or develop tailored breeding programs5. In the present investigation, I have investigated the 

beneficial effects of Fragaria × ananassa Duch against DOX oxidative stress, genotoxicity, hepatotoxicity 

and nephrotoxicity. 
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MATERIALS AND METHODS: 

Animals 

Albino Wistar Rats (200-220 gm) were separately group housed in ambient room temperature (25 ± 2°C) and 

relative humidity (50 ± 5%), maintained at 12:12 h dark–light cycle. Food and water were available ad 

libitum. All protocols were approved by Institutional Animal Ethics Committee of Pinnacle Biomedical 

Laboratories Pvt. Ltd. Bhopal (M.P.) India and carried out under strict compliance with Committee for the 

Purpose of Control and Supervision of Experiments on Animals, Ministry of Environment and Forests, 

Government of India. Ref: PBRI/13/IAEC/PN-387; CPCSEA Regd. No.:1283/c/09/CPCSEA),  

Drugs and Chemicals 

Doxorubicin was purchased from Fteseniun Kabi Oncology Ltd., Solan (H.P.) and colchicine was purchased 

from SD Fine Chemical, Mumbai. Serum diagnostic kit was purchased from Span diagnostic limited, Surat, 

India. While other reagents such as thiobarbituric acid, bovine serum albumin, Sodium dodecyl sulfate, 

trichloroacetic acid (TCA), and all other chemical were purchased from Merck, Mumbai, India. 

Plant material and extraction 

Plant material (Fragaria×ananassa Duch) was collected locally in the month of May. Herbarium was prepared, 

and was identified at the Department of Botany, Safia college of science, Bhopal, M.P (voucher specimen-

178/Bot/ Safia/10). Locally collected fruits were freeze dried and milled followed by extraction with 80% 

methanol at room temperature for 24 hr. The methanol extract was then rotary evaporated to dryness.  

Preliminary Phytochemical Screening 

Preliminary phytochemical screening for the detection of various constituents was carried out by using 

standard procedures. 

Acute Oral Toxicity Studies 

Acute oral toxicity study was carried out in rat as per OECD-423 guidelines. The four fixed dose levels were 

selected as 5, 50, 300, 2000 mg/kg body weight. The rats were continuously observed for their mortality and 

behavioral response for 24 hr and thereafter once in a day for 14 days. 

Experimental Groups 

Different groups (n = 6) of rats were treated with either vehicle (normal saline 10 mg/kg p.o) or Fragaria × 

ananassa Duch extract in the doses of 200 and 400 mg/kg per oral for five consecutive days alone, or along 

with a single dose of DOX (12mg/kg i.p). DOX was administered on 5th day 1 h after Fragaria × ananassa 

Duch treatment. All animals were sacrificed 24 h after the treatment of DOX. Micronucleus assay and 

chromosomal aberration tests were performed as mentioned in procedures. The kidney and liver were 

processed for estimation of oxidative stress parameters such as lipid peroxidation, superoxide Dismutase and 

glutathione content and histology of organs. 

Micronucleus Assay 

A rat’s bone marrow micronucleus test was carried out according to earlier standard method 6 with some 

modification. The animals were sacrificed by cervical dislocation, 24 h after DOX treatment. The bone 

marrow from both the femurs was flushed in the form of a fine suspension into a centrifuge tube containing 

bovine serum albumin (BSA) about 2ml The cells were dispersed by gentle pipetting and collected by 

centrifuge at 1000 rpm for 5min. Cell pellets were re-suspended in drops of BSA, and bone marrow smears 

were prepared. After 24 h of air-drying, the smears were stained with May- Grunwald/Giemsa stain. In this 

method, polychromatic erythrocytes were stained reddish-blue, while nuclear materials are stained as dark 

purple. Six rats were used for each experimental point. The 2000 polychromatid erythrocytes were scored per 
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animal. Cytotoxicity of DOX was determined by deceased in PCEs to total erythrocytes ratio (referances as 

PCE/(PCE+NCE)), as well as we also determine the total  micro nucleus formation (MNPCE%) 

Chromosomal Aberration Assay 

The chromosomal aberration assay was performed as described earlier7 Briefly, rats were treated with 

colchicine (4 mg/kg i.p) 1.5 h to arrest the metaphase stage, prior to sacrifice and femur bones were isolated in 

saline that is pre-warmed at 37ºC. The bone marrow was flushed out from both femurs using 0.56% (w/v) 5ml 

pre-warmed KCl solution and incubated at 37°C (30 min). After centrifugation (1000 rpm, 10 min), the 

supernatant was discarded and the pellet were re-suspended in chilled cornoy’s fixative (3:1 mixture of 

methanol and glacial acetic acid). The suspension was dropped on the ice-cold slides (previously kept in 80% 

methanol at low temperature) using pastures pipette, and slides were prepared by air drop method and allowed 

to dry at room temperature. After drying, slides were stained with phosphate-buffered 5% Giemsa solution for 

3min. A total of 100 well-spread metaphase plates per animal in each group (total 600 metaphase in each 

group) were analyzed, and the chromosomal aberrations were observed for fragment, deletion, gap, break, 

pulverization, ring, and polyploidy aberrations. 

 

Oxidative stress of both liver as well as kidney 

Lipid Peroxidation Estimation (LPO) 

Lipid peroxide in the rat kidney, liver was measured according to the method8. The organ tissues were rinsed 

in ice-cold physiological saline, and 10% w/v homogenate was prepared in 0.15M Tris-HCl buffer (pH 7.4). 

The sample was centrifuged at 3000 rpm for 10 min, and supernatant was used for the determination of lipid 

peroxidation. The supernatant was added to sodium dodecyl sulphate 0.2ml (8.1%), followed by acetic acid 

1.5ml (20%) and thiobarbituric acid 1.5ml (0.8%). The volume was made up to 4 ml with distilled water and 

heated on a water bath at 95°C for 60 min. After cooling with tap water, further 1.0 ml of distilled water and 

5.0 ml of the mixture of n-butanol and pyridine (15: 1, v/v) were added and shaken vigorously. After 

centrifugation at 4000 rpm for 10 min, the organic layer was taken, and its absorbance at 532 nm was 

measured. Lipid peroxidation was calculated from the standard curve using Lipid peroxidase (LPO) and 

expressed as nM/mg tissue. 

Glutathione Estimation (GSH) 

The rat organ homogenate was used for the estimation of reduced glutathione (GSH) content by method9. 

Tissue was rinsed in ice-cold physiological saline and the homogenate (10% w/v) was prepared in phosphate 

buffer (pH 7.4). Centrifuged at 3000 rpm for 10 min and the supernatant was used for the determination of 

GSH. Homogenates were immediately precipitated with 0.1 ml of 25% TCA, and the precipitate was removed 

after centrifugation. Free SH groups were assayed in total 3 ml volume by adding 2 ml of 0.6 mM 5,5’-

dithiobis (2-nitro benzoic acid) prepared in 0.2 M sodium phosphate buffer (pH 8.0), to 0.1 ml of the 

supernatant, and absorbance was read at 412 nm. GSH level was expressed as millimoles/100mg wet weight. 

Superoxide Dismutase Estimation (SOD) 

The rat organ homogenate was used for the estimation of Superoxide Dismutase (SOD) level by method10, 

tissue was rinsed in ice-cold physiological saline and homogenate (10% w/v) was prepared in phosphate 

buffer (pH 7.4). Centrifuged at 15000 rpm for 15 min at 4 °C and the supernatant 0.1 ml was added in 1.2ml 

sodium pyrophosphate buffer (8.3 pH, 0.052 M), 0.1 ml phenazine methosulphate (186µM), 0.3 ml of 

Nitrobluetetrazolium (300µM) and lastly with 0.2 ml NADH(750µM) and all the contents were incubated at 

30°C for 90 seconds and was added with 0.1 ml glacial acetic acid; and was stirred with 4 ml n butanol and 

was allow to stand undisturbed for 10 minutes and finally was centrifuged and the butanol layer was separated 

and its absorbance at 560 was measured. Superoxide Dismutase level was expressed U/gm tissue.  

Statistical Analysis 

All results were analyzed by One-way analysis of variance (ANOVA), and post-hoc analysis was performed 

with Bonferroni’s test. Value of P < 0.05 was considered to be statistically significant in all. 
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RESULTS 

Table 1  

Phytochemical screening 

S.No Phytochemical Test Inference 

1  .Test for carbohydrates 

1.1 Fehling’s test +ve 

1.2 Bendicts test +ve 

1.3 Barfoed’s test +ve 

2.       Test for Protein and Amino acid 

2.1 Biuret’s test -ve 

3.       Test for glycosides 

3.1 Legal’s test +ve 

3.2 Keller-Killiani test +ve 

4.        Test for alkaloids 

4.1 Dargendroff’s test -ve 

4.2 Wagnera’s test -ve 

5.        Test for saponins 

5.1 Froth test +ve 

6.        Test for Flavonoids 

6.1 Lead acetate test +ve 

6.2 Alkaline reagent test +ve 

7.         Test for triterpenoids and steroids 

7.1 Salkowski’s test +ve 

7.2 Libermann-Buchard’s test +ve 

8.        Test for Tannin and Phenolic compounds 

8.1 Ferric chloride test +ve 

8.2 Dilute iodine solution test +ve 

8.3 Lead acetate test +ve 

From the phytochemical investigation +ve sign shows the present and –ve sign shows the absent. 

Phytochemical screening suggested the presence of carbohydrates, glycosides, saponins, steroids tannins, 

phenolic compounds and flavonoids in Fragaria × ananassa Duch extract. 

Table 2 

Acute oral toxicity study 

Treatment Groups Fragaria ananassa 

Extract dose  (mg/kg, p.o) 

Observation after 2 

hours 

Mortality 

(dead/live) 

Group 1 5 Normal 0/3 

Group 2 50 Normal 0/3 

Group 3 300 Normal 0/3 

Group 4 2000 Normal 0/3 

Fragaria × ananassa Duch extract was found to be non-toxic up to 2000 mg/kg body weight. Finally, the 

dose of 200 mg/kg and 400 mg/kg were chosen for further studies 
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Table 3  

Effect of extract of Fragaria × ananassa Duch fruit on doxorubicin induced micronucleus 

polychromatid erythrocytes (MN-PCE) and ratio of polychromatid to nonchromatide (PCE/NCE) in 

bone marrow cells 

Treatment Total MN-PCE (%)±SD PCE/NCE±SD 

Vehicle 3.83±0.753 2.24±0.299 

Vehicle+Doxorubicin 
30.33±2.137 1.20±0.287 

Extract 200 mg/kg 
21.83±2.733 1.93±0.322ns 

Extract 400 mg/kg 
11.50±1.378 2.13±0.349ns 

 

All values are expressed as a Mean ± SD, n=6, using one way ANOVA followed by Bonferroni test. The 

minimum value of was considered as significant. *P<0.05, **P<0.001 when compared with control group. 

The effect of Fragaria × ananassa Duch extract on the frequency of MnPCEs formation in bone marrow cells 

is depicted in Table 3. Doxorubicin induced significant micronuclei (MNPCE%) formation and reduced the 

PCE/NCE ratio, Further, post-hoc comparison by Bonferroni’s test revealed that extract (200, 400 mg/kg) 

dose-dependently and significantly decreased the micronuclei % . 

Graph: 1 

Micronucleus formation 

 

 

 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

vehicle Doxorubicin 200 mg/kg 400 mg/kg

MNPCE

PCE/NCE



  
 
 

 
 

106 Sulakshana Pal Singh, Shakeel Ahmad Bhat 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 6 

June 2017       

Table 4 

Effect of extract of Fragaria × ananassa Duch fruit on doxorubicin induced chromosomal aberrations in 

bone marrow cells 

Treatment  Aberrations (%) 

Fragments Break Gap Deletion Ring Dicentric Pulverized Polyploidy 

Vehicle 

3.33±0.516 1.00±0.000 2.17±0.753 3.50±0.548 0.00±0.000 0.00±0.000 0.00±0.000 0.00±0.000 

Vehicle+Do

xo 

15.50±1.643

 

11.83±0.753

 

10.33±1.033

 

14.17±1.835

 

1.67±0.516

 

1.67±0.516

 

3.00±0.894

 

1.67±0.516

 

Extract200 

mg/kg 
11.67±1.366

 

9.17±1.941

 

7.50±1.378

 

11.00±0.894

 

0.67±0.516

 

0.83±0.408

 

1.50±0.548

 

0.00±0.000

ns 

Extract400 

mg/kg 6.50±1.049 4.00±0.894 
3.33±0.816n

s 5.50±1.049 
0.00±0.000 

ns 

0.00±0.000 

ns 

0.00±0.000

ns 

0.00±0.000

ns 

 

Table 5 

 

Treatment 

Total aberrations (%) 

Vehicle 4.17±0.753 

Vehicle+Doxo 23.67±1.366 

Extract 200 mg/kg 16.67±2.658 

Extract 400 mg/kg 9.83±1.472 

All values are expressed as a Mean ± SD, n=6, using one way ANOVA followed by Bonferroni test. The 

minimum value of was considered as significant. *P<0.05, **P<0.001, non significances (ns) when compared 

with control group. As depicted in Table 5, DOX administration significantly increased incidence of aberrant 

chromosomes. Further, post-hoc comparison by Bonferroni’s test showed that extract (200, 400 mg/kg) 

significantly and dose-dependently decreased incidence of % aberrant cells. 

Graph: 2                                           

Chromosomal aberration 

 

              

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

vehicle

inducer

200 mg/kg

400 mg/kg



  
 
 

 
 

107 Sulakshana Pal Singh, Shakeel Ahmad Bhat 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 6 

June 2017       

Graph 3 

Total % chromosomal aberration 

 

                

All values are expressed as a Mean ± SD in bar graph form. Graph 2 represents the comparison of all 

chromosomal parameters between all group and Graph 3 represent the total aberrated cells percentages in all 

group.  

 

Table 6  

Effect of extract of Fragaria × ananassa Duch fruit on serum biomarker enzyme levels in doxorubicin 

induced nephrotoxicity 

Treatment BUN (mg/dl) Creatinine (mg/dl) Total protein (g/dl) 

Vehicle 12.68±0.753 0.51±0.058 5.95±0.838 

Vehicle + Doxorubicin 27.23±3.768 0.79±0.076 2.86±0.505 

Extract 200 mg/kg 21.86±2.992 0.69±0.072 3.36±0.554 

Extract 400 mg/kg 18.79±4.362 0.62±0.093ns 4.48±0.668 

All values are expressed as a Mean ± SD, n=6, using ANOVA followed by Bonferroni test. The minimum 

value of P<0.05 was considered as significant. *P<0.05, **P<0.001, non significances (ns), when compared 

with control group. From all data single treatment with doxorubicin increased the BUN level, creatinine level 

and decreased the total protein level but after extract treatment all value get reveresd to the control value 

singnificantly and dose dependly. 

Graph 4  

Kidney function test 
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Table 7 

Effect of extract of Fragaria × ananassa Duch fruit on serum biomarker enzyme levels in doxorubicin 

induced hepatotoxicity 

Treatment ALP (U/L) AST(U/L) ALT(U/L) 

Vehicle 91.33±11.175 112.33±9.707 51.34±4.804 

Vehicle + Doxo 167.83±5.871 196.17±11.216 91.91±4.514 

Extract 200 mg/kg 142.17±17.296 152.17±11.481 70.20±6.501 

Extract 400 mg/kg 118.50±13.549 125.17±5.757ns 56.77±5.137ns 

 

All values are expressed as a Mean ± SD, n=6, using ANOVA followed by Bonferroni test.; alkaline 

phosphatase (ALP), alkaline aminotransferase (ALT), aspartate aminotransferase (AST). The minimum value 

of P<0.05 was considered as significant. *P<0.05, **P<0.001, non significances (ns) when compared with 

inducer group. From all data single doxorubicin treatment; increased, ALP, AST, ALT level but after extract 

treatment all value get reversed toward the control value singnificantly and dose dependly.  

Graph 5  

Liver function test 

 

 

Table 8 

Effect of extract of Fragaria × ananassa Duch fruit on oxidative stress enzyme levels in doxorubicin 

induced nephrototoxicity 

Treatment LPO (nmole/gm tissue) GSH (nM/100mg tissue) SOD (U/g tissue) 

Vehicle 213.67±13.136 1.62±0.162 338.825±2.008 

Vehicle+ Doxorubicin 525.67±66.014 0.63±0.062 228.08±5.400 

Extract 200 mg/kg 356.33±24.397 1.05±0.024 281.98±8.320 

Extract 400 mg/kg 279.667±23.106 2.00±0.235 301.92±4.453 

 

All values are expressed as a Mean ± SD, n=6, using ANOVA followed by Bonferroni test. Hydroalcholic 

extract of Fragaria × ananassa Duch fruit; SOD - Superoxide dismutase; GSH - Reduced Glutathione; LPO - 

Lipid peroxidase. The minimum value of P<0.05 was considered as significant. *P<0.05, **P<0.001, non 

significances (ns) when compared with inducer group. From all data single doxorubicin treatment; increased, 

LPO level and reduced the GSH, SOD but after extract treatment all value get reversed toward the control 

value singnificantly and dose dependly. 
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Graph 6  Lipid peroxidase 

 

Graph 7 Reduced glutathione 

 

Graph 8 Superoxide dimutase 

 

 

Table 9 

Effect of extract of Fragaria × ananassa Duch fruit on oxidative stress enzyme levels in doxorubicin 

induced hepatotoxicity 

 

Treatment LPO (nmole/gm tissue) GSH (nM/100mg tissue) SOD (U/g tissue) 

Vehicle 295.67±26.967 2.94±0.070 359.011±2.334 

Vehicle + Doxorubicin 592.67±75.777 0.82±0.026 254.82±12.875 

Extract 200 mg/kg 403.33±12.419 1.28±0.022 297.69±11.700 

Extract 400 mg/kg 327.00±7.550ns 2.28±0.392 336.88±7.938 
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All values are expressed as a Mean ± SD, n=6, using ANOVA followed by Bonferroni test. extract of 

Fragaria × ananassa Duch fruit; SOD - Superoxide dismutase; GSH - Reduced Glutathione; LPO - Lipid 

peroxidase. The minimum value of P<0.05 was considered as significant. *P<0.05, **P<0.001, non 

significances (ns) when compared with inducer group. From all data single doxorubicin treatment; increased, 

LPO level and reduced the GSH, SOD but after extract treatment all value get reversed toward the control 

value singnificantly and dose dependly.  

Graph 9 Lipid peroxidase 

 

Graph 10 Reduced Glutathione 

 

Graph11 Superoxide dismutase 

 
Fig: 12 Photomicrograph of vehicle, doxorubicin and hydroalcholic extract on doxorubicin induced 

chromosomal aberrations in bone marrow cells. 
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Fig:13 Photomicrograph of doxorubicin induced micronucleus polychromatid erythrocytes (MN-PCE) 

and micronucleus normochromatid erythrocytes (MN-NCE) in bone marrow cells 

              

MN-PCE                           MN-PCE 

Fig:14 Photomicrograph of vehicle, doxorubicin and hydroalcholic extract on doxorubicin induced 

nephrotoxicity 

                                       

Normal glomerulus      necrosis occurred in doxo      Less necrosis              Less necrosis 

structure in vehicle                                      200 mg/kg                           400 mg/kg 

 

Fig. 15: Photomicrograph of vehicle, doxorubicin and aqueous extract of hydroalcholic extract on 

doxorubicin induced hepatotoxicity 

                                             

Normal hepatocytes        necrosis occurred in doxo    Less necrosis                    Less necrosis 

structure in vehicle                                    200 mg/kg                         400 mg/kg 

 

Discussion 

Doxorubicin is very famous for their toxicity on the myocardium. Acute toxicity were cause hypotension, 

electrocardiographic abnormalities in reported up to 41% of patients but at continuous use of drug several 

week and months it causes 50% mortality within 2 years after diagnosis. The main causes of toxicity were free 

radical generation. The two ways of free radical formation by doxorubicin has been described as an NADPH-

dependent enzymatic pathway to generate semiquinone free radicals, and a non-enzymatic pathway to 

generate Fe2+-doxorubicin free radicals.11 

Doxorubicin toxicity was recovered by natural sources like vitamin E or C 12. chromosomal aberration 

induced by doxorubicin were reduced by natural phenolic compound curcumin13, vitamin A14, amino acid 

glutamine and of ascorbic acid15, selenomethionine 16, propalis extract 17, solanum lycocarpum 18. 

The present study evaluated that hydro methanolic extract of Fragaria × ananassa Duch shows 

chemoprotective effect against doxorubicin-induced oxidative stress, genotoxicity, hepatotoxicity and 

nephrotoxicity. I and others have found the presence of carbohydrates, glycosides, alkaloids, tannins, 

phenolic, and flavonoid compounds in Fragaria × ananassa Duch extract. Flavonoids are a group of 

polyphenolic compounds, which exhibits biological effects. The presence of high phenolic and flavonoid 

content has contributed directly to the antioxidant activity by neutralizing the free radicals. Free-radical-

induced lipid peroxidation has been suggested to alter the cell membrane structure and function. An increase 

in free-radical production mediated by doxorubicin metabolites in turn stimulates lipid peroxidation leading to 

an increase in LPO production. The liver and kidney cells are susceptible to oxidative stress induced by 
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doxorubicin. In the present study, I have found that treatment with doxorubicin leads to oxidative stress as 

evident from significant increase in LPO level and decrease in GSH and SOD level. However, pretreatment of 

Fragaria × ananassa Duch extract (200,400 mg/kg) significantly decreased the formation of LPO level as 

well as enhances GSH and SOD level in liver and kidney tissues. It is possible that inhibition of the 

doxorubicin -induced oxidative stress in liver and kidney tissues may be due to the antioxidant properties of 

the extract. 

Micronucleus assay is well-characterized biomarker of structural and numerical chromosomal damage, which 

arise from acentric chromosome fragments or lagging whole chromosome(s) that fail to incorporate in to the 

daughter nuclei after nuclear division. Administration of Fragaria × ananassa Duch extract pre-treatment 

resulted in inhibition of micronuclei formation and Cytotoxicity induced by doxorubicin. Chromosomal 

aberrations analysis shows that the doxorubicin (12 mg/kg, i.p) significantly increases the incidence of 

aberrant cells (%). Fragaria × ananassa Duch extract (200 & 400 mg/kg) pre-treatment significantly and 

dose-dependently decreased the percentage of aberrant cells as observed from chromosomal aberration assay. 

Thus, the present study showed that pre-treatment of Fragaria × ananassa Duch protects the genomic damage 

as evident from micronucleus assay as well as chromosomal aberrations assay in the bone marrow. It is well 

established that increased activities of ALP, ALT, and AST enzymes in the serum are known diagnostic 

indicators of hepatotoxicity and nephrotoxicity. In the present study, doxorubicin administration caused 

significant increase in the serum ALP, ALT, and AST levels in rats. Hydromethanolic extract of Fragaria × 

ananassa Duch significantly decreased in the serum ALP, ALT, and AST levels, thus indicating the protective 

activity against the liver damage. Although further extensive studies are required, however, based on 

literature, it can be postulated that flavonoid content in Fragaria × ananassa Duch extract may be partly or 

fully responsible for these activities. It was also found that the doxorubicin administration caused significant 

increase in the serum Creatinine and BUN and caused decrease in the total protein in rats but hydromethanolic 

extract of Fragaria× ananassa Duch significantly decreased in the serum Creatinine and BUN and significant 

increase in the Total Protein levels when compared with Inducer group. 

In conclusion, the present studies indicate that Fragaria × ananassa Duch hydromethanolic extract pre-

treatment attenuates the doxorubicin-induced oxidative stress and genotoxicity in the bone marrow. The 

chemoprotective potential of Fragaria × ananassa Duch might be due to its antioxidant property. Thus, 

Fragaria × ananassa Duch has potential as an adjuvant to doxorubicin for preventing the side-effects 

associated with chemotherapeutic applications. 
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