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Abstract 

 

Background/Aim: The use of doxorubicin is limited due to its toxic effects on normal cells. A substance 

containing antioxidant properties, such as taraxacum officinale, would be useful in preventing doxorubicin 

toxicity. This study aimed to evaluate the effect of taraxacum officinale on doxorubicin-induced damage in 

the rat liver. 

Methods: Forty Wistar albino rats were allocated into four groups. In group 1 (control group), no 

treatment was given. In group 2 (Taraxacum officinale, group T), 100 mg/kg Taraxacum officinale was 

administered via the gavage route for 10 days. In group 3 (doxorubicin, group D), a single intraperitoneal 

dose of 40 mg/kg doxorubicin was given. In group 4 (doxorubicin + Taraxacum officinale, group D+T), a 

single intraperitoneal dose of 40 mg/kg doxorubicin was administered on the eighth day, and 100 mg/kg 

Taraxacum officinale was administered for 10 days. Blood malondialdehyde (MDA) levels and the 

activities of catalase (CAT) and superoxide dismutase (SOD) were measured. Histopathology was assessed 

by examining preparations of hepatic tissue with light microscopy and immunohistochemistry. 

Results: MDA levels were significantly higher, and the activities of SOD and CAT were lower in group D 

than in group D+T (P=0.04). Tissue damage was significantly higher in group D than in group D+T 

(P=0.03). 

Conclusion: Our short-term results indicate that oxidative stress could be responsible for the damage to 

liver tissue due to doxorubicin, and Taraxacum officinale might reverse these harmful effects. 
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Introduction 

Doxorubicin, an anthracycline derivative antineoplastic, 

has toxic effects on many tissues and organs, especially the liver 

[1]. Although doxorubicin is widely used to treat malignancies, 

its usage is limited due to its harmful effects on normal cells [2]. 

While doxorubicin is primarily cardiotoxic, it also has severe 

effects on the liver, which is mainly responsible for its clearance 

and excretion via bile [3]. The exact mechanism of liver damage 

remains controversial, with apoptosis, oxidative stress, and 

inflammation being the most commonly suggested underlying 

factors responsible for the hepatotoxic effect [4]. Additionally, 

doxorubicin forms a complex by interacting with cell DNA [5]. 

Wang et al. [6] reported that 40% of patients receiving 

doxorubicin experienced liver toxicity. Doxorubicin increases 

reactive oxygen species and free radicals, which affect the cell 

membrane in liver tissue, causing lipid peroxidation and 

inflammation [7,8]. No substance is known to have been 

clinically proven to reverse liver damage caused by doxorubicin. 

Taraxacum officinale (TO) is a herbal substance that 

belongs to the Asteraceae family. It has been suggested that TO 

has immunostimulating and cancer-protective properties [9]. TO 

has been used to treat liver diseases and diabetes mellitus [10]. 

TO exhibits antioxidant properties dependent on the phenolic 

compounds in its content [11]. Although TO has been widely 

used worldwide for years, its hepatoprotective effect is poorly 

understood. Moreover, to the best of our knowledge, no study 

demonstrates the effect of TO on liver toxicity caused by 

cisplatin. 

Materials and methods 

Forty female Wistar albino rats weighing 150–220 g 

were included in the study. The animals were fed a standard 

regimen with free access to water and food and were kept under 

standard conditions at a temperature of 20–22 °C. Doxorubicin 

was obtained from a drugstore, and TO was purchased from a 

herbal medicine store. Ethical approval for the study was 

obtained from the Erciyes University Animal Experiments Local 

Ethics Committee, with the document of ethical approval dated 

07.12.2022 and numbered 22/258. 

The animals participating in the study were divided into 

four groups: Group 1 (control group) received nothing, group 2 

(Taraxacum officinale, group T) was given 100 mg/kg TO for 10 

days, group 3 (doxorubicin, group D) received a single dose of 

40 mg/kg doxorubicin, and group 4 (doxorubicin+TO, group 

D+T) received a single intraperitoneal dose of 40 mg/kg 

doxorubicin and 100 mg/kg TO. 

The animals were anesthetized using ketamine 

hydrochloride (45 mg/kg, Ketalar, Eczacibasi, Istanbul, Turkey) 

and xylazine hydrochloride (5 mg/kg, Rompun, Bayer, 

Leverkusen, Germany). Blood samples were taken by entering 

the heart with a needle, and then cervical dislocation was 

performed for euthanasia. The liver tissues of the rats were 

removed. 

The levels of blood MDA and activities of SOD and 

CAT were analyzed using a spectrophotometer (Shimadzu UV 

1800, Kyoto, Japan). MDA levels were detected using the 

thiobarbituric acid test [12]. SOD and CAT enzyme activities 

were measured based on previous studies [13,14]. 

Macroscopic evaluation of liver 

The liver tissue was fixed in 10% formalin, and all 

specimens were sliced along their long axis and kept for 

microscopy. 

Histopathologic evaluation of liver 

The tissues were embedded in paraffin blocks and sliced 

to a thickness of 4 micrometers. Staining was performed using 

hematoxylin and eosin (H&E) dye. Immunohistochemical 

staining was also performed for p53 and c-kit (CD117). The 

degree of damage was determined based on histopathological 

scoring according to the highest area, using the following semi-

quantitative analysis: 0: None (0%), 1: Minimal (0–10%), 2: 

Mild (10–30%), 3: Moderate (30–50%), 4: Severe (more than 

50%). Parameters were scored accordingly, using the following 

parameters: hepatocyte damage (cellular changes), 

disorganization in the hepatic cords, inflammation, congestion, 

hemorrhage, fibrosis, and necrosis. CD117 expression levels 

were graded on a 0-3+ range: 0: no staining, 1: less than 10% 

membranous/cytoplasmic staining in hepatocytes, 2: 10–30% 

membranous/cytoplasmic staining in hepatocytes, and 3: 

membranous/cytoplasmic staining of more than 30% of 

hepatocytes. p53 expression levels were also graded on a 0–3+ 

range: 0: no staining, 1: nuclear staining of less than 10% of 

hepatocytes, 2: nuclear staining of 10–30% of hepatocytes, and 

3: nuclear staining of more than 30% of hepatocytes. 

Statistical analysis 

The Statistical Package for the Social Sciences (SPSS 

Inc., Chicago, IL, version 22.00) was used for statistical 

analyses. The levels of blood MDA and activities of SOD and 

CAT were analyzed using a one-way analysis of variance 

(ANOVA) test. Tissue damage scores were compared using the 

nonparametric chi-square test. A P-value less than 0.05 was 

considered statistically significant. 

Results 

The biochemical parameters are presented in Table 1. 

The MDA levels in group D were significantly higher than those 

in group D+T (18.41 [2.29] vs. 12.65 [1.58]; P=0.04). In 

contrast, both SOD and CAT enzyme activities were 

significantly lower in group D than in group D+T (P=0.03). 
 

Table 1: Distribution of malondialdehyde (MDA), superoxide dismutase (SOD), and catalase 

(CAT) in the experimental groups. 
 

Groups (n=10) MDA (nmol/mg)  SOD (U/mg) CAT (U/mg) 

Control 7.22 (0.42) 64 (7.2) 78.24 (6.47) 

Taraxacum officinale (100 mg/kg) 7.73 (0.44) 59 (4.56) 80.53 (8.83) 

Doxorubicin (40 mg/kg) 18.41 (2.29)* 32.01 (3.5)* 41.38 (4.66)* 

Doxorubicin+Taraxacum officinale  

(100 mg/kg+40mg/kg) 

12.65 (1.58)* 47.24 (4.08)* 62.57 (6.94)* 

 

MDA, malondialdehyde; SOD, superoxide dismutase; CAT, catalase. Data are presented as mean (SD).  
* Significant difference (P<0.05) between groups 2 and 3. 
 

The morphology and parenchymal structures of liver 

tissues in the control and T groups were normal and intact, as 

shown in Figures 1A and 1B. In the group D, hepatocytes and 

parenchymal tissue exhibited signs of injury, as depicted in 

Figure 1C. Group D showed more severe liver damage than the 

other groups. Compared to group D, the group D+T showed a 

decrease in hepatocytes with disorganization of the hepatic cords 

and damage, as illustrated in Figure 1D. 
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Figure 1: A) Normal histological architecture in the liver of rats from the control group 

(H&E, x100). B) Focal mild degenerative findings in the rat liver from group T (H&E, 

x200). C) Hepatocytes with degenerative changes in the group D; There is granular 

appearance in the cytoplasm, darkening of the nucleus, binucleolization, nuclear contour 

irregularity, slight focal distortions of the trabeculae, as well as single-cell necrosis (arrows) 

(H&E, x200). D) Although cellular degenerative changes are less in hepatocytes in the group 

D+T than group D, vacuolar degeneration is present in some hepatocyte cytoplasms (arrows) 

(H&E, x100). 
 

 
    

There was no significant difference observed in p53 

immunostaining among the groups. When hepatocytes and liver 

parenchyma were examined, no difference was observed 

between the groups in terms of p53 staining. After CD117 

immunostaining, histopathological damage was re-evaluated. 

Mild cytoplasmic immunoexpression of CD117 was observed in 

the group D, as shown in Figure 2. 
 

Figure 2: A) Immunoexpression in two cells with CD117 in the liver of a rat from the control 

group (x200). B) Rare cell immunoexpression with CD117 in the liver of a rat from group T, 

similar to the control group (x200). C) Mild cytoplasmic immunoexpression by CD117 in a 

focal area in the liver of a group D rat (x200). D) Mild cytoplasmic immunoexpression with 

CD117 in relatively fewer cells in the liver of a rat from the group D+T compared to the 

group D (x200). 
 

 
 

The histopathologic damage scores were significantly 

higher in the group D than in the group D+T, and the difference 

was statistically significant (P=0.03) (Table 2). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Distribution of histopathologic findings. 
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Control 0 0 0 1 0 0 0 0 

Taraxacum officinale (100 mg/kg)  0 0 1 1 0 0 0 0 

Doxorubicin (40 mg/kg) 2* 1 1 1 1* 0 0 1 

Doxorubicin+Taraxacum 

officinale(100 mg/kg+40mg/kg) 

1* 0* 1 1 0 0 0 0* 

 

* Significant difference (P<0.05) between groups D and group D+T. Histopathological scoring was done by 

determining the highest area. Four categories (0=None; 1=Minimal, 2=Mild, 3=Moderate, 4=Severe) were 

determined by making a semi-quantitative analysis, and the parameters were scored accordingly. 
 

Discussion 

Doxorubicin is commonly used to treat various 

malignant diseases, including solid tumors and blood cancers. 

However, its effectiveness is limited due to its negative impact 

on both normal and cancerous cells [15]. Bilgic et al. [16] 

demonstrated that a single dose of doxorubicin could lead to 

acute liver damage. Therefore, in our study, we also administered 

a single dose of doxorubicin. Our results indicated that 

doxorubicin increased MDA levels and decreased SOD and CAT 

activities in the treated group. However, we hypothesized that 

TO could mitigate these effects by reducing MDA levels and 

increasing SOD and CAT activities. Our study concluded that 

TO could improve the biochemical and histopathological damage 

caused by doxorubicin. To the best of our knowledge, this study 

is the first to demonstrate the positive impact of TO on the liver’s 

adverse reactions to doxorubicin. 

Prasanna et al. [17] have reported that oxidative stress is 

the primary cause of doxorubicin-induced liver damage. As a 

result of doxorubicin-induced oxidative stress, electrons are lost 

from oxygen, leading to the production of superoxide radicals 

and reactive oxygen species (ROS). The elevated levels of ROS, 

in turn, cause an increase in lipid peroxidation, ultimately 

causing damage to hepatocytes and the liver [18]. Our study 

found that the D group had more hepatocyte damage indicators, 

such as inflammation and hemorrhage, than other groups. 

Furthermore, the D group showed more pronounced biochemical 

parameters indicating liver damage. However, the addition of TO 

was observed to reverse these adverse effects. 

TO is a plant commonly found in nature, and its leaves 

can be eaten raw or used in tea, while its roots can be cooked and 

consumed. For centuries, TO has been a key component in 

traditional medicine for treating gout, diarrhea, and liver ailments 

[19]. It has been shown that TO can prevent oxidative stress in 

neurons, and it is believed that the protective effect is due to its 

phenols and hydroxycinnamic acid components [20]. Many 

studies have also demonstrated that TO possesses antioxidant, 

anti-inflammatory, antibacterial, and anticancer properties 

[21,22]. Therefore, we hypothesized that the antioxidant 

properties of TO could effectively prevent liver damage caused 

by doxorubicin. 

In our study, we observed that TO increased the 

activities of SOD and CAT while reducing the levels of MDA. 

Histopathological analysis confirmed the protective effects of 

TO. The scores indicating tissue damage were significantly 

lower in the D+T group than in the D group. While there was no 

significant difference in p53 immunohistochemical staining, 

CD117 dye showed similar findings as H&E. 
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Limitations 

Our study has certain limitations, such as the small 

sample size and the fact that animal experiments may not 

perfectly replicate the effects seen in humans. 

Conclusions 

In conclusion, our study found that TO can reduce 

hepatic injury and may be a useful treatment option for managing 

the oxidative stress caused by doxorubicin. We hope that our 

findings will inspire further research in this field. However, large 

prospective randomized trials are necessary to evaluate the 

efficacy of TO in preventing hepatic injury caused by 

doxorubicin. 
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