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 The present study aims to evaluate the protective effect of Chrysanthemum indicum 
against the genotoxicity of the chemotherapeutic agent doxorubicin (DOX) using two 
genotoxicity assays, the micronucleus and the comet assays, as well the 
histopathological alterations. Thirty Swiss albino male mice were divided into 6 groups 
(5 animals each) as follows: 1) Control group (negative control); 2) Doxorubicin (0.5 
mg as a positive control); 3) Chrysanthemum indicum (LD, low dose, 0,5 mg); 4) 
chrysanthemum (HD, high dose, 5 mg); 5) DOX + low dose of Chrysanthemum 
indicum (0,5 mg); 6) DOX + high dose of Chrysanthemum indicum (5 mg) for 45 days. 
The results of the preset study revealed that DOX induced high frequency of 
micronuclei and DNA damage using comet assay. However, the treatment with 
Chrysanthemum indicum significantly reduced the frequent of these parameters as 
compared to the control. The pathological findings indicate that DOX treatment induce 
pathological changes in liver, kidney and testicular tissues, however the treatment with 
DOX in combination with Chrysanthemum indicum ameliorate these changes especially 
with the high dose of Chrysanthemum indicum. The data suggest that the 
complimentary use of Chrysanthemum indicum with DOX will be beneficial to reduce 
the adverse effect of DOX in cancer chemotherapy, such as the increased incidence of 
undesirable mutagenic side effects. 
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INTRODUCTION 

 
 Doxorubicin (DOX), an anticancer anthracycline antibiotic derived from the fungus Streptocococcus 
peuceticus var. caesius, is one of the widely used anti-cancer compounds. It has been found to be effective for 
the treatment of multiple myeloma, AIDS-related Kaposi’s sarcoma, acute leukemias, malignant lymphomas 
and solid tumors, especially breast cancer and small cell carcinoma of the lung [1-3]. DOX exhibits its anti-
neoplastic action by inhibiting the enzyme topoisomerase II. Thus, it interferes with the negative supercoiling of 
DNA and intercalates into the DNA. This results in a change to the stereochemical conformation of its double 
helical structure and thereby perturbs the transcription and the replication processes [4]. 
 The flowers of Chrysanthemum indicum (Chrysanthemi Indici Flos), a Compositae plant, is a traditional 
Chinese medicine and medicinal plant distributed widely in China. Oriental Chrysanthemum indicum traditional 
medicine has been used to treat vertigo, hypertensive symptoms and several infectious diseases such as 
pneumonia, colitis, stomatitis and carbuncles [5]. A series of studies have demonstrated that Chrysanthemum 
indicum possesses antimicrobial [6], anti-inflammatory [6-8], immunomodulatory[7], and neuroprotective 
effects[9]. Recently, much attention has been devoted to the anticancer activity of Chrysanthemum indicum on 
human PC3, HL 60 and HeLa cancer cells in a dose- and time-dependent manner [10-12]. However, its 
anticancer mechanism of action is still not clear and needs further investigation. 
 Several studies indicated that some Chinese medicinal plants possess more potent antioxidant activity than 
common fruits and vegetables, and phenolic compounds were a major contributor to the antioxidant activity of 
these plants [13,14]. In particular, a group of Chinese medicinal plants is traditionally used for prevention and 
treatment of cold, flu and cough. Furthermore, some of these plants also possessed significant anticancer, anti-
inflammation, anti-allergic and antimicrobial activities [15]. On the other hand, these beneficial effects of 
medicinal plants could be partly attributed to their antioxidant and free radical scavenging activities [13,15,16]. 
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This prompted us to hypothesize that these plants could contain rich antioxidant compounds. Therefore the 
present study was undertaken to examine the protective effect of Chrysanthemum indicum against genotoxic and 
histopathological alterations induced by doxorubicin in male mice. 
 

MATERIALS AND METHODS 
 
 Thirty Swiss albino male mice were obtained from   and were kept under laboratory condition for one week 
for adaptation. Animals were divided into 6 groups as follows: 1) Control group; 2) Doxorubicin (0.5mg as a 
positive control); 3) chrysanthemum (LD, low dose, 0,5 mg); 4) chrysanthemum (HD, high dose, 5 mg); 5) 
DOX + low dose of Chrysanthemum indicum (0,5 mg); 6) DOX + high dose of Chrysanthemum indicum (5 mg), 
and treated for 45 days. 
 
Micronucleus test: 
 Bone marrow slides were prepared according to the method described by [17] Krishna and Hayashi (2000). 
The bone marrow was washed with I ml of fetal calf serum and then smeared on clean slides. The slides were 
left to air dry and then fixed in methanol for 5 minutes, followed by staining in May-Grunwald Giemsa for 5 
minutes then washed in distilled water and mounted. For each animal, 2000 polychromatic erythrocytes (PCEs) 
were examined for the presence of micronucleated polychromatic erythrocytes (%MnPCEs). Two hours before 
sacrifice, the animals were injected with 0.5 mg of colchicines solution.  
 
Comet assay: 
 Peripheral blood lymphocytes were isolated by centrifugation (15min, 280 g) in a density gradient of 
Gradisol L (Aqua Medica, Lodz, Poland). The concentration of the cells was adjusted to (1-3) x 105 cells/ ml by 
adding RPMI 1640 without glutamine to the single cell suspension. A freshly prepared suspension of cells in 
0.75% low melting point agarose (Sigma Chemicals) dissolved in phosphate buffer saline (PBS; sigma 
chemicals) was cast onto microscope slides precoated with 0.5% normal melting agarose. The cells were then 
lysed for 1h at 4°C in a buffer consisting of 2.5M NaCl, 100 mMEDTA, 1% Triton X-100, 10mM Tris, pH10. 
After the lysis, DNA was allowed to unwind for 40 min in electrophoretic solution consisting of 300mM NaOH, 
1mM EDTA, pH>13. Electrophoresis was conducted at 4°C for 30 min at electric field strength 0.73 V/cm 
(30mA). The slides were then neutralized with 0.4M Tris, pH 7.5, stained with 2ug/ml ethidium bromide (Sigma 
Chemicals) and covered with cover slips. The slides were examined at 200 x magnification fluorescence 
microscope (Nikon Tokyo, Japan) to a COHU 4910 video camera (Cohu, Inc., San Diego, CA, USA) equipped 
with a UV filter block consist an excitation filter (359nm) and barrier filter (461nm) and connected to a personal 
computer –based image analysis system, Lucia-Comet v.4.51. Fifty images were randomly selected from each 
sample and the comet tail DNA was measured according to [18]. Endogenous DNA damage measured as the 
mean comet tail DNA of peripheral blood lymphocytes of five mice groups (10 mice each). The number of cells 
scored for each animal was 100 [18] . 
 
Histopathological examination: 
 Liver, Kidney and testes specimens from all animals were dissected immediately after death, and fixed in 
10% neutral-buffered formal saline for at least 72 hours. All the specimens were washed in tap water for half an 
hour and then dehydrated in ascending grades of alcohol, cleared in xylene and embedded in paraffin. Serial 
sections of 6 µm thick were cut and stained with Haematoxylin and eosin according to [19] for histopathological 
investigation. Images were captured and processed using Adobe Photoshop version 8.                                                                         
 
Statistical Analysis: 
 Data were analyzed using one way analysis of variance (ANOVA), and the results were expressed as mean 
± SD (standard deviation). Statistical analysis was performed using SPSS 13.0. The p value less than 0.05 was 
considered to be statistically significant. 
 

RESULTS AND DISCUSSION 
 
 The frequencies of Mn-PCEs and Mn-NCEs in the bone marrow of mice treated with chrysanthemum alone 
or in combination with DOX are summarized in Table 1. As expected, the frequency of Mn-PCEs increased 
significantly (p < 0.01) in animals receiving DOX. Both groups co-treatment with chrysanthemum and DOX, 
showed a significant reduction (p < 0.01) in the frequency of Mn-PCEs when compared to the group treated 
with only DOX. The PCEs/NCEs ratio, which reflects the proliferation rate of bone marrow, in the group treated 
with a combination of a higher dose of chrysanthemum and DOX was observed to be higher as compared to the 
DOX-treated group (Table 1). 
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Table 1: Micronucleated polychromatic erythrocytes (Mn PcEs) in bone marrow cells of male mice treated with  DOX and/or  
       Chrysanthemum indicum.  

Treatment PCE Screened Mn PCEs/2000 PCE Mn-NCEs/2000 PCEs/NCEs 
Mean ±SD No. Mean ±SD NCE screened Ratio 

Control 2000 6  739 2.71  
 2000 7  623 3.21  
 2000 8  662 3.02  
 2000 7  613 2.26  
 2000 6 6.80 ±0.83a 782 2.56 2.95 ±0.30

DOX 2000 30  553 3.62  
 2000 31  534 3.75  
 2000 29  611 3.27  
 2000 33  687 2.91  
 2000 33 31.20±1.78f 610 3.28 3.37±0.30 

LD(0.5mg 
chrysanthemum) 2000 9  657 3.04  

 2000 9  661 3.03  
 2000 8  658 3.04  
 2000 8  669 2.99  
 2000 10 8.80±0.83b 722 2.77 2.97±0.10 

HD(5mg 
chrysanthemum) 2000 11  474 4.22  

 2000 12  402 4.98  
 2000 12  766 2.61  
 2000 13  698 2.87  
 2000 14 12.40±1.14c 743 2.69 3.47±1.10 

LD +DOX 2000 21  601 3.33  
 2000 22  602 3.32  
 2000 21  633 3.16  
 2000 21  660 3.03  
 2000 23 21.6±0.89e 608 3.29 3.23±0.10 

HD +DOX 2000 16  766 5.61  
 2000 16  624 3.20  
 2000 17  699 3.03  
 2000 17  644 3.10  
 2000 19 17.0±1.22d 522 3.83 3.75±1.08 

N.B;  DOX: Doxorubicin; LD: low dose of chrysanthemum extract; HD: high dose of chrysanthemum extract. 
 
Comet assay: 
 To evaluate cellular DNA damage with or without Chrysanthemum indicum administration in DOX-treated 
mice, comet assay was undertaken as in Table 2 and Fig. 1, 2. The frequency of DNA damage increased 
significantly in mice treated with DOX (25.4%) compared to cells from untreated control (7.4%), as well from 
treated with low and high dose of chrysanthemum extract. Cells from the mice administered with 
Chrysanthemum extract in combination with DOX treatment showed significant inhibition of DNA damage 
measured in terms of tail length especially with the high dose of the extract. 
 In the present study, both the micronucleus test and the comet assay were cooperatively used to study the 
protective effect of Chrysanthemum indicum extract against DOX-induced genotoxicity at a chromosomal level 
as well as a DNA level. The results clearly show that Chrysanthemum efficiently prevents DOX-induced DNA 
damage as a protective agent. These two methods cover different aspects of genotoxic events. Essentially, the 
micronucleus assay detects chromosomal damage that persists for at least one mitotic cycle, while the comet 
assay identifies repairable DNA damage or alkali-labile sites [20]. 
 It has been reported that Chrysanthemum indicum has an antioxidant molecule having a high scavenging 
activity towards ROS [13-16], its antioxidant property is likely to be associated with the mechanism underlying 
the protective effect of s Chrysanthemum indicum against DOX-induced mutagenicity and DNA or 
chromosomal damage. This idea is supported by our present observation that the Chrysanthemum administered 
with DOX treatment gave effective protection against the production of DNA damage in both micronuclei and 
the comet assay, and the effect was also dependent on the dose of chrysanthemum. Therefore, our experiments 
suggest that treatment with Chrysanthemum indicum is effective for reducing the mutagenic effect of DOX in 
mice. 
 
Histopathological findings: 
Liver tissue: 
 The present results revealed that DOX treated group showing liver tissue with mild central vein congestion 
(*), mild bile duct hyperplasia (arrow) surrounded by dilatation of sinusoidal spaces (Fig. 4) compared to 
control group (Fig.3). However, the treatment with Chrysanthemum indicum alone sowing liver tissue with 
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scattered intrahepatic lymphocytes some are aggregated in foci (arrows), but those are little in high dose treated 
group (Fig. 5,6).                                                                                    
 On the other hand, the treatment with DOX in combination with low dose of Chrysanthemum indicum 
showing liver tissue with foci of inflammatory cells (arrow), central vein congetion (*) (Fig.7). However, the 
treatment with DOX in combination with high dose of Chrysanthemum indicum showing liver tissue which is 
more or less normally looking (Fig.8).                                                                                           
 
Table 2: Visual score of DNA damage in liver tissues from different groups of mice treated with DOX and/or Chrysanthemum indicum. 

Treatment 
 No. of cells Class** 

 
DNA 

damaged 
cells % 

 

Viability of the 
cells No of 

animals Analyzed* Comets 0 1 2 3 

Control 5 500 37 463 24 13 0 7.4 > 50% 
DOX 5 500 127 373 35 49 43 25.4 > 50% 

LD (0.5mg 
chrysanthemum) 5 500 36 464 23 7 6 7.2 > 50% 

HD (5mg 
chrysanthemum) 5 500 38 462 21 9 8 7.6 > 50% 

LD + DOX 5 500 97 403 35 33 29 19.4 > 50% 
HD + DOX 5 500 83 417 24 32 27 16.6 > 50% 

*: Number of cells examined per a group, **: Class 0= no tail; 1= tail length < diameter of nucleus; 2= tail length between 1X and 2X the 
diameter of nucleus; and 3= tail length > 2X the diameter of nucleus. 

 

 
 
Fig. 1: Visual score of normal DNA (class 0) using comet assay in blood cells of control mice. 
 

 
 
Fig. 2: Visual score of DNA damage (classes 1-3) using comet assay in blood samples of mice exposed to DOX 
     and/or Chrysanthemum indicum. 
 
 

 
 
Fig. 3: A photomicrography for (control group) showing normal liver tissue. The liver is divided histologically 

into lobules. The center of the lobule is the central vein (thin arrow) and at the periphery of the lobule 
there are the portal triads (thick arrow). (H&E 200). 

Normal 
cells 

Comet 
(Class 1) 

Comet 
(Class 3) 

Comet 
(Class 2) 

Comet 
(Class 2) 
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Fig. 4: A photomicrography for (second group) showing liver tissue with mild central vein congestion (*), mild 

bile duct hyperplasia (arrow) surrounded by dilatation of sinusoidal spaces.( H&E 200). 
 

 
 
Fig. 5: A photomicrography for (third group) showing liver tissue with scattered intrahepatic lymphocytes some 
     are aggregated in foci (arrows). (H&E200).  
 

 
 
Fig. 6: A photomicrography for (forth group)showing liver tissue with scattered intrahepatic lymphocytes some 
     are aggregated in foci (arrows). (H&E200).  
  

 
 
Fig. 7: A photomicrography for (fifth group) showing liver tissue with foci of inflammatory cells (arrow), 

central vein congetion (*). (H&E 200).  
 
Kidney tissues: 
 Control group of kidney tissue showing the normal architecture showing the glomeruli (G) and the tubules 
(arrow) (Fig. 9). DOX treated group showing kidney tissue with intratubular and peritubular hemorrhages 
(arrow head), with moderate tubular epithelial degeneration (arrows), while the glomeruli looks normal (G) (Fig. 
10). Treated groups with chrysanthemum indicum (groups 3 treated with low dose), showing  kidney tissue with 
intratubular and peritubular hemorrhages (arrow head), with moderate tubular epithelial degeneration ( arrows), 
while the glomeruli looks normal (G) (Fig. 11), while, group 4 treated with high dose of Chrysanthemum 
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indicum showing kidney tissue with intratubular and peritubular hemorrhages (arrow head), with moderate 
tubular epithelial degeneration (arrows), while the glomeruli looks normal (G) (Fig.12). 
 

 
 
Fig. 8: A photomicrography for (sixth group) showing liver tissue which is more or less normally looking     
    .(H&E 200) . 
  

 
 
Fig. 9: A photomicrography for the (control group) of kidney tissue showing the normal architecture showing 
     the glomeruli (G) and the tubules (arrow) (H&E 100). 
 

 
 
Fig. 10: A photomicrography for (second group) showing kidney tissue with intratubular and peritubular 

hemorrhages (arrow head), with moderate tubular epithelial degeneration (arrows), while the 
glomeruli looks normal (G) (H&E 200). 

 

 
 
Fig 11: A photomicrography for (third group) showing kidney tissue with intratubular and peritubular 

hemorrhages (arrow head), with moderate tubular epithelial degeneration (arrows), while the 
glomeruli looks normal (G) (H&E 200). 

 
 Groups treated with DOX in combination with Chrysanthemum indicum (group 5 for low dose) showing 
kidney tissue with intratubular and peritubular hemorrhages (arrow head), with moderate tubular epithelial 
degeneration (arrows), while the glomeruli looks normal (G) (Fig. 13) and (group 4 for high dose) showing 
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kidney tissue looks normal with normally appearing tubules (arrows) also normally appearing glomeruli (G) 
(Fig. 14). 

 
 
Fig. 12: A photomicrography for (forth group) showing kidney tissue with mild degenerated glomeruli and 

some are atrophic (G), moderate tubular epithelial degeneration with intratubular depris (arrows). 
(H&E200).  

   

 
 
Fig. 13: A photomicrography for (fifth group) showing kidney tissue with intratubular and peritubular 

hemorrhages (arrow head), with moderate tubular epithelial degeneration (arrows), while the 
glomeruli looks normal (G) (H&E 200). 

 

 
 
Fig. 14: A photomicrography for (sixth group) showing kidney tissue looks normal with normally appearing 
   tubules (arrows) also normally appearing glomeruli (G). (H&E 200).  
 
Testicular tissues: 
 Control group of showing testicular tissue formed of seminefrous tubules (*) with normally looking 
spermatogenesis, separated by fiberous sepata (curved arrow) (Fig. 15).  DOX treated group showing testicular 
tissue with disrupted tubules (*), peritubular edema and leyding cells hyperplasia (Fig. 16). Treated groups with 
Chrysanthemum indicum (groups 3 treated with low dose), showing testicular tissue formed of normally looking 
seminefrous tubules (*) with normally  spermatogenesis (Fig. 17), while, group 4 treated with high dose of 
Chrysanthemum indicum showing in the left side  testicular tissue formed of normally looking seminefrous 
tubules and in the right one showing normally  spermatogenesis (Fig. 18). 
 Groups treated with DOX in combination with Chrysanthemum indicum (group 5 for low dose) showing 
testicular tissue formed of mild improved seminefrous tubules but with peritubular edema (Fig. 19) and (group 4 
for high dose) showing   testicular tissue formed of well improved seminefrous tubules with their 
spermatogenesis process (Fig. 20). 
 From the pathological findings its clear that DOX treatment induce pathological changes in liver, kidney 
and testicular tissues, however the treatment with DOX in combination with Chrysanthemum indicum 
ameliorate these changes specially with the high dose of Chrysanthemum indicum. That coincide with the results 
of [21] who found that doxorubicin administration in male albino Wistar rats resulted in hepatic injury and  
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induced toxicities in various organs [22]. However the co-treatment with antioxidants attenuate these changes 
[22,23] 
 

 
 
Fig. 15: A photomicrography for (first group) showing testicular tissue formed of seminefrous tubules (*) with 
        normally looking spermatogenesis, separated by fiberous sepata (curved arrow). (H&E 200).   
 

 
 
Fig. 16: A photomicrography for (second group) showing testicular tissue with disrupted tubules (*), peritubular 
        edema and leyding cells hyperplasia. (H&E 200). 
 

 
 
Fig. 17: A photomicrography for (third group) showing testicular tissue formed of normally looking    
        seminefrous tubules (*) with normally spermatogenesis. (H&E 200).   
  

  
 
Fig. 18: A photomicrography for (forth group) showing in the left side testicular tissue formed of normally     
       looking seminefrous tubules and in the right one showing normally spermatogenesis. (H&E100&200).   
 
Conclusion: 
 In conclusion, data from this study suggest that the reduction of antioxidant defense during doxorubicin 
administration resulted in reduced the frequency of micronuclei and DNA damage, as well as hepatic, kidney 
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and testicular injury, could be prevented by Chrysanthemum indicum extract supplementation by decreasing the 
oxidative stress and scavenging the free radicals, indicating the protective nature of this plant.     
 

 
 
Fig. 19: A photomicrography for (fifth group)showing  testicular tissue formed of mild improved  seminefrous 
       tubules but with peritubular edema. (H&E200). 
 

 
 
Fig. 20: A photomicrography for (sixth group) showing testicular tissue formed of well improved  seminefrous 
  tubules with their spermatogenesis process (H&E 200). 
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