


   OPEN ACCESS International Journal of Pharmacology

ISSN 1811-7775
DOI: 10.3923/ijp.2023.537.541

Research Article
Cyclophosphamide-Induced Liver Damage and Effect of
Coenzyme Q10: An Experimental Rat Study

Ozlem Kara

Department of Histology and Embryology, Faculty of Medicine, Kirsehir Ahi Evran University, 40100 Kirsehir, Turkey

Abstract
Background  and  Objective: Although  cyclophosphamide  is  a  potent  antineoplastic  drug  its’  toxic  effects  such  as  damage  to  the
liver, kidney and ovary diminished its widespread utilization. This trial was designed to assess the effect of coenzyme Q10 on
cyclophosphamide-induced toxicity in rat liver. Materials and Methods: The rats were divided into 3 groups: In group 1 (control group)
(n = 10), nothing was done, group 2 (cyclophosphamide group) (n = 10), 30 mg kgG1 intraperitoneal cyclophosphamide was administered
for 7 days and group 3 (cyclophosphamide+coenzyme Q10 group) (n = 10), 30 mg kgG1 cyclophosphamide and 10 mg kgG1 coenzyme
Q10 were given for 7 days via intraperitoneal route. Biochemical measurements (SOD and CAT activity and MDA level) were performed.
The liver of the rats was surgically extirpated in all groups. Histopathological damage in the liver was evaluated. Results: The hepatocyte
damage  markers  such  as  inflammation,  hemorrhage, necrosis, edema, parenchymal damage and hepatocyte damage were more
common in the cyclophosphamide group than cyclophosphamide+coenzyme Q10 group (p<0.05). The activities of SOD and CAT were
lower and levels of MDA were higher in the cyclophosphamide group than in the  cyclophosphamide+coenzyme Q10 group (p<0.05).
Conclusion: Coenzyme Q10 was found to be efficient in preserving the liver tissue from cyclophosphamide-induced toxic effects.
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INTRODUCTION

Cyclophosphamide has been used for years in the
treatment of many malignancies, especially solid tumors and
lymphoma. However, the toxicity of the cyclophosphamide
restricts its usage1. It turns into active metabolites such as
acrolein and phosphoramide mustard in the hepatocytes2.
Cruz-Valencia et al.3, reported that acrolein was responsible for
the hepatotoxicity due to cyclophosphamide. It increases
reactive oxygen species (ROS) by enhancing the metabolism
of lipids and inhibits the catalase (CAT) and superoxide
dismutase (SOD) which were involved in the oxidation
system4. It has been demonstrated that the increased ROS
levels might lead to an imbalance of the oxidants-antioxidants
system, an increase of the inflammatory cytokines, oxidative
stress  and  apoptosis5,6.  Therefore,  it  might  be   very  useful
to   administer  an  antioxidant  chemical  to  prevent
cyclophosphamide-induced hepatotoxicity.

Coenzyme Q10 is an antioxidant substance playing an
important role in biochemical reactions such as electron
transport chain and redox reaction7. It has been shown to
contain anti-inflammatory and anti-apoptotic activity8.
Moreover, it has been claimed that coenzyme Q10 reduces
ROS levels and prevents oxidative stress9.

Hence, it was hypothesized that coenzyme Q10 might
prevent the adverse effects due to cyclophosphamide. In this
study, the efficacy of coenzyme Q10 on cyclophosphamide-
induced hepatotoxicity was assessed.

MATERIALS AND METHODS

Study  area:  The  study  was  carried  out  between  April 2023
to June 2023 at Erciyes University Faculty of Medicine,
Department of Histology and Embryology.

Ethical statement: The ethical report of the trial was taken
from the Erciyes University Faculty of Medicine Local Ethics
Committee. The number and date of the document were
23/028 and 01.02.2023.

Study design: Cyclophosphamide and coenzyme Q10 were
obtained from a local pharmacy (Kirsehir, Turkey). The study
was conducted at Erciyes University Faculty of Medicine,
Department of Histology and Embryology. Rats were obtained
from Erciyes University Experimental Research Application and
Research Center Experimental Animal Unit. Thirty female
Wistar-albino  rats  aged  10-12 weeks were allocated to the
trial. The ad libitum  method was  utilized,  with   unrestricted
access   to   food  and  water.  All  the  rats  were  treated  to  a

temperature between 20 and 22EC and a 12 hrs light/12 hrs
dark cycle.

Experimental study: A total of 3 groups were created. No
procedure was applied in group 1 (control group) (n = 10).
Group 2 (cyclophosphamide group) (n = 10), 30 mg kgG1

intraperitoneal    cyclophosphamide    was   administered  for
7 days and nothing was done. Group 3 (cyclophosphamide+
coenzyme Q10 group) (n = 10), 30 mg kgG1 cyclophosphamide
and 10 mg kgG1 coenzyme Q10 were administered for 7 days
intraperitoneally.

Anesthesia procedure was performed by utilizing
ketamine hydrochloride (45 mg kgG1, Ketax, Vem ¤laç, Ankara,
Turkey) and xylazine hydrochloride (5 mg kgG1, Rompun,
Bayer, Berlin, Germany). Blood was collected from the heart
tissue of all animals by direct puncture. The liver of the rats
was surgically extirpated. A high dose of anesthetic was used
to sacrifice the animals.

Biochemical measurement: The activities of SOD and CAT
and levels of MDA were determined by utilizing a
spectrophotometer (Shimadzu UV 1800, Kyoto, Japan). The
MDA levels were detected by using the thiobarbituric acid
test10. The activities of SOD and CAT were measured in terms
of the methods stated in prior studies11,12.

Histopathological assessment: The liver tissues were fixed
with 10% formaldehyde. Then paraffin embedding was
performed. Sections with a thickness of 5 micrometers were
stained with hematoxylin-eosin dye for microscopic analysis.
Besides, immunohistochemical Bcl-2 staining was performed.
Histopathological assessment was performed via a microscope
(Olympus® Inc., Tokyo, Japan). The tissue damage was scored
by determining the highest area. A modified semi-quantitative
scoring was performed. Five groups were described (0: Absent,
1: Minimal, 2: Mild, 3: Moderate and 4: Severe). Hemorrhage,
necrosis, edema, inflammation, parenchymal injury and
hepatocyte damage were utilized to assess the liver damage.

Bcl-2 determination: The Bcl-2 dye was evaluated in four
groups (0: no staining, 1: less than 10% nuclear staining in liver
tissue, 2: 10-30% nuclear staining, 3: more than 30% nuclear
staining).

Statistical analysis: Statistical analysis was performed with
the help of Statistical Package for the Social Sciences (22.00
SPSS Inc., Chicago, Illinois). The sample size calculated using
power analysis was determined with 80% accuracy and at
least 8. Chi-square  and  independent  t-tests  were  utilized 
for analyses. As p<0.05 was accepted as statistically significant.
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RESULTS

The  MDA  levels  in  the  cyclophosphamide  group  were
statistically significantly higher than the cyclophosphamide+
coenzyme Q10 group (p<0.05). The SOD and CAT activities in
the cyclophosphamide group were statistically significantly
lower than the cyclophosphamide+coenzyme Q10 group
(p<0.05) (Table 1).

The   macroscopic   appearance   of   the   samples   in  all
3  groups  was  similar  to  each  other.  However,  tissue
damage markers were statistically significantly higher in the
cyclophosphamide group than the cyclophosphamide+
coenzyme  Q10  group  (p<0.05)  (Table   2).   Scores  showing

histological damage such as inflammation, hemorrhage,
necrosis, edema, parenchymal damage and hepatocyte
damage were very prominent in the cyclophosphamide
group. However, the addition of coenzyme Q10 resulted in an
improvement in damage parameters (p<0.05). Morphology
and structural features of liver tissue were found to be close to
normal, especially in the cyclophosphamide+coenzyme Q10
group (Fig. 1).

Immunohistochemical examination using Bcl-2 dye
showed that the parameters showing histological damage
were higher in the cyclophosphamide group. As in the light
microscope examination, the markers were found to be
improved when coenzyme Q10 was given (Fig. 2).

Table 1: Blood levels of malondialdehyde (MDA), superoxide dismutase (SOD) and catalase (CAT) in serum samples of the groups
MDA (nmol mgG1) SOD (U mgG1) CAT (U mgG1)

Control group  (n = 10) 10.72±3.11 21.4±7.61 44.05±11.23
Cyclophosphamide group (n = 10) 24.1±13.06* 7.22±1.54* 17.37±7.12*
Cyclophosphamide+coenzyme Q10 group (n = 10) 17.05±5.45* 13.16±4.35* 29.14±9.62*
*Significant difference (p<0.05) between groups 2 and 3, MDA: Malondialdehyde, SOD: Superoxide dismutase, CAT: Catalase and data are presented as mean±SD

Fig. 1(a-c): Light microscopic appearance of liver tissue by using hematoxylin and eosin dye, (a) Control group, minimal
hemorrhage  in  the  ovarian  stroma  of  the  rat  from  the  control  group  (H&E,  ×50),  (b)  Cyclophosphamide  group,
the focal area of inflammation and hemorrhage within the liver parenchyma (H&E, ×50) and (c) Cyclophosphamide+
coenzyme Q10 group, mild congestion and inflammation in the parenchyma (H&E, ×50) 

Fig. 2(a-c): Immunohistochemical staining with Bcl-2 dye, (a) Control group, mild edema in the liver tissue of the rat from the
control group (×100), (b) Cyclophosphamide group, inflammation and edema within the liver parenchyma (×100)
and (c) Cyclophosphamide+coenzyme Q10 group, a minimal to near-normal edema and inflammation within the liver
parenchyma (×100)
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Table 2: Distribution of histological damage according to the groups
Control group  (n = 10) Cyclophosphamide group (n = 10) Cyclophosphamide+coenzyme Q10 group  (n = 10)

Hemorrhage 0.00 2.00* 1.00*
Necrosis 0.00 1.00 1.00
Edema 0.00 2.14* 1.08*
Inflammation 0.00 1.89* 1.11*
Parenchymal injury 0.00 2.45* 1.28*
Hepatocyte damage 0.00 2.25* 1.09*
*Significant difference (p<0.05) between groups 2 and 3, histopathological scoring was done by determining the highest area, four categories: 0: None, 1: Minimal,
2: Mild, 3: Moderate and 4: Severe were determined by making semi-quantitative analysis and the parameters were scored accordingly

DISCUSSION

This prospective randomized experimental study
evaluated the effect of coenzyme Q10 on cyclophosphamide-
induced damage in rat liver and found that coenzyme Q10
seems to reverse the toxicity due to cyclophosphamide. This
is the first trial assessing the potential beneficial effect of
coenzyme Q10 against liver toxicity in rats due to
cyclophosphamide.
Shirani et al.13 indicated that hepatic tissue is susceptible

to toxic drugs such as cyclophosphamide due to its
metabolism and detoxification processes. Emadi et al.14

reported that cyclophosphamide usage is limited due to liver,
kidney and bone marrow damage in long-term use. The main
causative factor of impaired liver function is oxidative stress.
Cyclophosphamide elevates the amount of harmful
compounds and molecules. As a result of this series of
reactions, the cellular antioxidant defense mechanism
deteriorates15,16. The MDA levels increase and antioxidant
enzymes such as SOD and CAT tend to be lower in the rats
given cyclophosphamide due to the damage in the oxidative
system. Kuang et al.17 demonstrated that SOD and CAT are
major protective enzymes and prevent liver injury due to
oxidative stress. In this study, hepatocyte damage was more
in the cyclophosphamide group than in other groups. 
Coenzyme Q10 is a natural substance catalyzing many

reactions such as the electron transport chain. It contains
antioxidant properties and especially plays a role in reversing
oxidative stress-related changes18. Cornelius et al.8 reported
that coenzyme Q10 inhibits the production of ROS and
hydroxyl radicals, decreases apoptosis and consequently
prevents oxidative damage. Furthermore, it has been shown
that coenzyme Q10 interacts directly with alpha-tocopherol
and neutralizes free radicals19. Because of all these potential
benefits, we aimed to investigate the effect of coenzyme Q10
on cyclophosphamide-induced liver toxicity. The SOD and CAT
reverse oxidative stress converting H2O2 into water and
oxygen. Hence, the addition of an antioxidant such as
coenzyme Q10 would be efficient to elevate the activities of
SOD and CAT.

In this study, results showed that MDA levels tend to
increase and the activities of SOD and CAT tend to decrease
due to cyclophosphamide. The addition of coenzyme Q10 led
to an elevation in the activities of SOD and CAT and a
reduction in the levels of MDA. Histopathologic markers
demonstrating damage were more prominent in the
cyclophosphamide group. Coenzyme Q10 diminished the
cyclophosphamide-induced tissue damage in rat liver. In
immunohistochemical staining, the damage scores were
prominently seen in the cyclophosphamide group and the
addition of coenzyme Q10 l reversed this picture.

CONCLUSION

Coenzyme  Q10  supplementation  unquestionably
reversed  cyclophosphamide-induced   liver   damage.  This
was confirmed biochemically by measuring SOD, CAT and
MDA levels. Likewise, the protective effect of coenzyme Q10
against cyclophosphamide toxicity was also demonstrated
histopathologically. According to our short-term findings,
coenzyme Q10 seems to improve liver damage due to
cyclophosphamide.

SIGNIFICANCE STATEMENT

The  purpose  of  this  study  is  to  prevent
cyclophosphamide-induced hepatotoxicity by using
coenzyme Q10. Coenzyme Q10 supplementation increased
the activities of SOD and CAT and reduced the levels of MDA.
Also, coenzyme Q10 diminished the cyclophosphamide-
induced tissue damage in rat liver. All these findings suggest
that coenzyme Q10 may be an option in the prevention and
treatment of cyclophosphamide-induced liver damage.
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