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COENZYME Q10 ATTENUATES METHOTREXATE-INDUCED LIVER
INJURY IN RATS

Sonja Ili¢', Natalija Miti¢?, Slavica Stojnev?, Mladen Stojanovié?, Natalija Stojiljkovié®

Main goal of this research was investigation the protective effects of coenzyme Q10 on
methotrexate-induced liver damage. Study was performed on 32 Wistar rats divided in 4
groups, whereas first group received normal saline, second received coenzyme Q10, third
received methotrexate alone and fourth group received concomitantly coenzyme Q10 and
methotrexate. Morphological and functional changes in liver tissue were performed by
biochemical analysis of serum, histopathological analysis of liver tissue sections and
determination of parameters of oxidative stress in liver tissue. Administration of methotrexate
in rats caused a significant increase of the concentrations of AST, ALT and y-GT and significant
decrease of amount of total proteins in the serum compared with C group of animals. Also,
methotrexate significantly increased MDA and AOPP levels in and decreased catalase activity in
hepatic tissue. Histopathological analysis showed pronounced liver damage with cellular
derangement of hepatic cordons and significant cell swelling, vacuolar degeneration and signs
of inflammatory response after methotrexate administration.In group of rats that received
coenzyme Q10 8 days after methotrexate administration, injury of liver tissue was significantly
decreased with mild disorder of normal radial arrangement of the hepatocytes and only
discretely uneven distribution of hepatic glycogen content. In same group, biochemical analysis
showed significantly decreased concentrations of serum parameters of liver injury and changes
of parameters of oxidative stress were statistically significantly ameliorated compared with
results in group that received methotrexate alone. Our results confirmed coenzyme Q10 as a
protective agent in methotrexate-induced hepatotoxicity probably due to its antioxidant effects.
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Introduction

Methotrexate (MTX) is a folic acid antagonist
and it belongs to the group of cytostatics known as
antimetabolites. Its use is widespread, considering
that it is used as a therapeutic drug in the treatment
of various types of cancer, rheumatoid arthritis and
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other autoimmune diseases (1). Side effects of MTX
are numerous, some of which are myelosuppression,
various infections, gastrointestinal disorders, and
kidney and liver disorders.Considering liver, frequent
side effects include an increase in liver enzymes,
fatty liver, liver cirrhosis, a decrease in serum albu-
min, while acute hepatitis and reactivation of chronic
hepatitis occur very rarely (2). The mechanisms by
which MTX causes liver damage have not yet been
fully investigated and clarified, but there are several
assumptions about the pathophysiology of these in-
juries. Among many, the occurrence of oxidative
stress in the tissue is the most common (3). There-
fore, several antioxidant agents have been used to
reduce its side effects (4).

Coenzyme Q10 (CQ10) is an endogenous
lipid-soluble substance that is a strong antioxidant.
Antioxidant properties of CQ10 are demonstrated
trough its ability to scavenge reactive oxygen spe-
cies (ROS) and prevent the lipid peroxidation in
cellular membranes. Also, CQ10 has antiapoptotic
and anti-inflammatory effects due to its ability to
reduce secretion of proinflammatory cytokines (5).
In earlier studies, the administration of CQ10 has
shown a significant preventive effect in several mo-
dels of oxidative and inflammatory damages of renal
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or liver tissue induced by cisplatin and acetamino-
phen (6, 7). Considering that some studies have
shown a protective effect of CQ10 in cases of
nephrotoxicity and hepatotoxicity, the main goal of
this research is to investigate the beneficial effects of
CQ10 on methotrexate-induced liver damage.

Materials and methods

In our investigation we used adult male
Wistar rats, of an average weight of 270 grams. The
rats were kept in a standard conditions with con-
trolled temperature (20 + 2 °C) and humidity (60%)
and 12 hours light/12 hours dark cycle. The animals
had free access to food and water. All experiments
were conducted at the Institute of Biomedical Re-
search, Medical Faculty, Nis, Serbia, in accordance
with all ethical regulations of European Union (EU
Directive of 2010; 2010/63/EU) and principles for
the Guide for the Care and Use of Laboratory Ani-
mals (8% Edition, 2011), and approved by the
Ministry of Environmental Protection of the Republic
of Serbia (No. 323-07-00073/2017-05/1).

Experimental protocol

A total of 32 animals were divided into four
groups of 8 animals. The methotrexate group of ani-
mals or M-group, received MTXEBEWE Pharma
(Ges.m.b.H.NFG.KG, Austria) intraperitoneally (i.p.)
at a dose of 20 mg/kg on the first day of the ex-
periment. Control group or C-group received 1
ml/kg i.p. of normal saline daily for eight days. Co-
enzyme Q10 (Q) group of animals received CQ10
Sigma-Aldrich (St. Louis, MO, USA) dissolved in corn
oil (10 mg/kg) for 8 days(i.p.). Methotrexate - co-
enzyme Q10 (MQ) group of animals received MTX
(20 mg/kg) on day 1, and CQ10 dissolved in corn oil
(10 mg/kg) for 8 days. On the ninth day of the
experiment, all animals were anesthetized with
ketamine in a dose of 80 mg/kg and sacrificed. We
took blood from aorta (separated serum immedia-
tely) to perform biochemical analysis, and we re-
moved liver to determine tissue biochemical and
histopathological studies.

Serum biochemical analysis

Biochemical analysis of serum included deter-
mining the concentrations of alanine transaminase
(ALT), aspartate transaminase (AST), gamma gluta-
myl transferase (y-GT) and total protein levels. All
parameters were determined by Olympus AU680
Chemistry-Immuno Analyzer (A25 Biosystems,
Barcelona, Spain).

Histopathological analysis
One part of liver tissue from each animal first

was fixed in 10% paraformaldehyde at room tempe-
rature for 48 hours, than dehydrated in alcohol and

94

embedded in paraffin. We cut tissue samples at a
thickness of 5 mm (model: LKB 2218, LKB-Produk-
ter AB, Bromma, Sweden) and stained using
haematoxylin and eosin (HE) and periodic acid-Schiff
(PAS) methods and analysed using Olympus BH2
light microscope.

Tissue biochemical analysis

We cut liver tissue samples into small pieces
and homogenized in ice cold water by a homoge-
nizer (VELP Scientifca, Italy). We prepared homoge-
nates and separated supernatant using the same
method as in our previous research (8). Protein con-
tent in the supernatants was determined according
to the Lowry’s method (9).

Levels of malondialdehyde (MDA) as a marker
of lipid peroxidation in liver tissue were determined
by method described by Ohkawa (10). After mea-
suring of homogenate absorption, concentration of
MDA was calculated and expressed as g/protein.

Determination of the concentration of advan-
ced oxidation protein products (AOPP) in tissue
homogenates was described in our previous study
(8). The concentrations of AOPP were expressed as
mmol/g of proteins.

Determination of the activity of catalase
(CAT) was performed by the method described by
Goth (11). We measured homogenate absorption at
405 nm and expressed activity of this enzyme as
international units (IU) per gram of protein.

Statistical analysis

For statistical analysis we expressed results of
examined parameters as the mean value *+ standard
deviation (SD). To determine statistically significant
differences we performed one-way analysis of va-
riance (ANOVA) followed by Tukey’s post hoc test
(GraphPad Prism version 5.03, San Diego, CA, USA).
Probability values (p) < 0.05 were considered to be
statistically significant.

Results
Biochemical analysis

Administration of MTX in rats caused a
significant increase (p < 0.001) in the concentra-
tions of AST, ALT and y-GT in M group compared to
the values of the same parameters in the C group of
rats. The amount of total protein in the serum was
significantly decreased in the M group compared to
the C group of animals (p < 0.001) (Figure 1). Rats
that received CQ10 combined with MTX showed a
significant decrease in AST, ALT andy-GT compared
to that when receiving MTX alone (p < 0.001)
(Figure 1),while the serum total protein levels were
significantly increased in the MQ group compared to
the M group (p < 0.05) (Figure 1).
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Figure 1. The concentrations of AST (A), ALT (B), y-GT (C) and total protein (D) in serum of experimental animals.
Data are given as mean £ SD, ANOVA followed by Tukey post hoc test.
*p < 0.001 vs. C group; **p < 0.01 vs. C group; ***p < 0.05 vs. C group;
#p < 0.001 vs. M group; ## p < 0.05 vs. M group

Histopathological analysis

Liver sections from the control group showed
the normal morphology of hepatic lobules. Features
of a regular tissue structure, including adequate
localization of central veins, normal composition of
portal tracts and streaming of blood sinusoids are
presented in Figure 2A. Orderly distribution of hepa-
tocytes in hepatic plates is also retained in the Q
group, where no significant changes in histologic

architecture were observed (Figure 2B). Sections
from the methotrexate-treated group demonstrated
liver injury associated with cellular derangement of
hepatic cordons and significant cell swelling. Hepato-
toxic damage reflected in the reversible and irrever-
sible cellular alterations ranged from vacuolar dege-
neration, nuclear reactive changes, to apoptosis of
hepatocytes. Individual hepatocytes or cell clusters
showed cytoplasmic hypereosinophillia and conden-
sation, and nuclear hyperchromasia and pyknosis.

Figure 2. Photomicrographs of hematoxylin and eosin (H&E)-stained liver sections of:
A) C group, B) Q group, C) M group and D) CQ group of animals (Original magnification 200x)
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Histologic signs of inflammatory response
were prominent in this group. An infiltrate composed
of mononuclear cells, predominantly lymphocytes,
and, in lesser extent, polymorphonuclear leukocytes,
was observed within the portal tract, surrounding
the billiary ducts and portal vein branches. More-
over, the aggregates of the immune cells had a
quite conspicuous intralobular distribution. Portal
veins and sinusoid capillaries showed marked con-
gestion (Figure 2C). In the group MQ, where animals
received CQ10 8 days after the administration of
methotrexate, the extent of tissue damage was
visibly less striking than in the M group. Liver sec-
tions showed a disturbance of the hepatic lobule and
a mild congestion of the portal area associated with
scarce inflammatory infiltration. There has been
some cellular edema and degeneration resulting in
mild architectural distortion, but irreversible injury
with cell loss was not noted (Figure 2D). Inflam-

matory infiltrate was restricted to portal tracts, with
no significant intralobular activity. Control groups
sections showed a normal hepatic architecture and
cell cytoplasm rich with PAS-positive glycogen gra-
nules (Figure 3 A and B). The abundance of gly-
cogen content significantly deteriorated in metho-
trexate treated animals. In addition to massive
hepatic degeneration, depletion of PAS-positive in-
tracellular content was striking. Hepatocytes ap-
peared empty and displayed clear, transparent cyto-
plasm, while residual glycogen granules where
shifted against the cell membrane. Generally, the
distribution of PAS-positive granules was uneven
and varied between areas of hepatic tissue (Figure
3C). In the CQ group changes were associated with
moderate amelioration of hepatocyte degeneration
with apparently near normal distribution of PAS-
positive granules (Figure 3D).

Figure 3. Photomicrographs of PAS - Periodic acid—Schiff-stained rat liver sections of:
A) C group, B) Q group, C) M group and D) CQ group of animals (Original magnification 400x)

Tissue biochemical analysis

The statistical analysis showed a significant
increase in MDA and AOPP levels in tissue homo-
genates in the M group when compared with the C-
group (p < 0.001), while the CAT activity in liver
tissue was significantly decreased (p < 0.001) in the
M-group of animals in comparison with the C-group
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(Table 1). Concomitant administration of CQ10 with
MTX in the MQ group attenuated oxidative stress
induced by MTX, so in this group levels of MDA and
AOPP in liver tissue were significantly decreased
compared to the M group of animals (p < 0.05),
while CAT activity was significantly increased com-
pared to the M group (p < 0.01).
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Table 1. Parameters of oxidative stress in liver tissue

Group/Parameter | AOPP (mmol/g proteins) | MDA (mmol/g proteins) CAT (IU/g proteins)
C 17.44 £3.540 5.002 £ 1.766 26.71 £ 3.376
Q 17.45 £4.645 4.672 £ 1.524 26.72 £ 4.083
M 30.15 £1.422%* 10.45 £ 1.110* 10.40 £ 4.236*
MQ 23.92 +3.680***# 7.998 + 0.4312%*# 19.12 £ 1.821*x##

Data are given as mean = SD, ANOVA followed by Tukey post hoc test
*p< 0.001 vs. C group; **p< 0.01 vs. C group; ***p< 0.05 vs. C group

#p< 0.05 vs. M group; ##p< 0.01 vs. M group

Discussion

The antineoplastic drug MTX is a very effec-
tive drug in the treatment of various types of can-
cers and other diseases such as rheumatoid arthritis
(12, 13). However, its use leads to side effects that
include myelosuppression, gastrointestinal disorders,
kidney damage, acute injury of liver, hepatic fibrosis
and cirrhosis (14). In order to reduce the side
effects, the administration of some non-toxic natural
substances could significantly ameliorate the dam-
ages caused by MTX with the preservation of its
chemotherapeutic efficacy. In our research, we per-
formed histopathological and biochemical analyses
of liver tissue to determine structural and functional
alterations induced by MTX in the liver and to
determine potential protective effects of CQ10 on
MTX-induced liver injury. In our research, we found
that a single dose of MTX caused a significant in-
crease in AST, ALT and y-GT levels and a decrease
in the total protein (p < 0.001) compared to the
control group. Similar effects of MTX were shown in
study published by Kelleni et al. (14). We showed
that administration of CQ10 (10 mg/kg), 8 days
after a single dose of MTX had protective effect on
liver treated with MTX. This protective effect was
evidenced by significantly reduced levels of AST, ALT
and y-GT and decreased levels of total protein in the
MQ group in comparison with the group of animals
that received only MTX (Figure 1).

A histopathological analysis was performed in
order to determine morphological injuries. We
showed that MTX-treated group showed pronounced
liver damage with cellular derangement of hepatic
cordons and significant cell swelling, vacuolar dege-
neration and signs of an inflammatory response.
Portal veins and sinusoid capillaries showed con-
gestion. Small foci of lobular inflammation could also
be found (Figure 2C). Also, on PAS stained liver
tissue sections there was significant abundance of
glycogen content and hepatocytes appeared empty
and displayed clear, transparent cytoplasm (Figure
30).

Our biochemical and histopathological analy-
sis showed that MTX induced damage of liver tissue.
Rats treated with CQ10 and MTX revealed an
amelioration of histopathological alterations. In the
MQ group comprised a mild congestion of the portal
area with scarce inflammatory infiltration was

observed. Irreversible injury with cell loss was not
noted. In PAS stained tissue sections the distribution
of PAS positive granules was near normal (Figures
2D and 3D). These results were in accordance with
the previous findings that showed that CQ10 has
protective effects against cisplatin, fructose and
acetaminophen-induced kidney and liver injury (7,
15, 16).

Despite numerous studies with MTX, the main
mechanism of MTX-induced liver injury has not yet
been clarified fully yet. Coleshowers et al. (4) and
Goudarzi et al. (17) suggested that one of the most
important mechanisms in MTX-induced liver injury is
the generation of the ROS and reduction of the
antioxidant defence system. In order to determine if
MTX causes oxidative stress, and if CQ10 is able to
attenuate possible disturbances of oxidative stress
parameters, we examined levels of MDA and AOPP
as well as catalase activity in liver tissue homo-
genates. Our results showed that levels of MDA and
AOPP were significantly increased while catalase
activity was significantly decreased in the liver tissue
after only one single dose of MTX (Table 1).
Dalaklioglu et al (18) suggested that MTX induces
generation of ROS such as superoxide anion and
hydroxyl radicals and also strongly stimulates occur-
rence of lipid peroxidation in liver tissue. Lipid per-
oxidation is an autocatalytic process that most often
ends with irreversible damage of the function and
structure of the cell membrane. Lipid peroxidation
products, especially MDA, can damage the mem-
branes of lysosomes, which leads to the release of
hydrolytic enzymes, as well as the damage of the
mitochondrial membranes, which causes the release
of Ca ions and the activation of enzymes dependent
on this ion (19). Increased levels of AOPP in the liver
tissue in the M group indicate that oxidative protein
modification has occurred. Oxidative modification of
proteins leads to structural alterations in the pri-
mary, secondary and tertiary structure of proteins
due to changes in amino acid residue molecules, as
well as a functional inactivation of many enzymes
(20). Our results were consistent with the assump-
tions that part of the mechanism of MTX hepato-
toxicity is related to the depletion of the antioxidant
system (21, 22). Catalase activity in the M group
was statistically significantly reduced compared with
theCgroup (Table 1). Catalase is one of the endo-
genous antioxidant enzymes that play a key role in
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reducing the oxidative modification of lipids and the
propagation of lipid peroxidation (4).

CQ10 is an endogenous liposoluble benzoqui-
none that contains 10 isoprene side chains and it
functions as a transporter of electrons in the mito-
chondrial respiratory chain where it plays a key role
in aerobic cellular respiration to produce ATP. In
addition to participating in the elimination of free
radicals, it also prevents the initiation of lipid per-
oxidation, i.e. lipid damage in cell membranes under
the influence of free radicals (23). In our study, the
levels of MDA and AOPP in liver homogenates of the
MQ group of rats were significantly decreased com-
pared to the same in M group (Table 1). Admini-
stration of CQ10 significantly increased catalase acti-
vity in liver homogenates in the MQ group compared
to catalase activity in group of animals that received
MTX only once. Our results showed that CQ10
ameliorated liver injuries caused by MTX probably
through its antioxidative effects. We can indicate the
key role of CQ10 in the scavenging of free radicals
produced by the MTX, as well as in the protection of
lipids and proteins from oxidative modification, and
a significant role in preserving the activity of anti-
oxidant enzymes. These effects of CQ10 certainly
greatly contribute to the protection from structural
liver damage caused by the MTX, which we con-
firmed by histopathological and biochemical analysis
in our study.In recent studies, it has been confirmed
that CQ10 has protective effects on proteins, DNA
and lipids in membranes from oxidative damage,
primarily by strong inhibition of oxidative stress
(24). These effects of CQ10 might be the result of its
redox activity in mitochondrial respiratory chain.
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Earlier studies showed that CQ10 primarily acts in
the mitochondria, where it is able to transfer elec-
trons in mitochondrial respiration. When CQ10 is
acting as an antioxidant in the mitochondria it is able
to neutralize both, free radicals in the cytoplasm and
ROS produced in the mitochondria (23).

Conclusion

Our results confirm that MTX damages lipids
of the cell membrane and proteins due to increased
production of ROS. Probably, lipid peroxidation and
damaging of structure of proteins contribute further
to DNA damage and apoptosis of cells. According to
our results, administration of CQ10 significantly
ameliorates oxidative and histological injury of liver
tissue caused by MTX. These results indicate that
CQ10 can be very useful in the prevention of struc-
tural and functional liver injury caused by MTX.
Considering the widespread use of MTX in the treat-
ment of a several pathological conditions, the use of
CQ10 should be further study in order to standardize
its application.

Acknowledgements

This work was funded by the Project of the
Faculty of Medicine, University of Nis, Serbia (project
No. INT-MFN-39) and Project of The Ministry of
Education, Science and Technological Development
of the Republic of Serbia number 451-03-68/2022-
14/200113.



Acta Medica Medianae 2022, Vol.61(3)

Coenzyme Q10 attenuates methotrexate-induced liver injury in rats

10.

11.

12.

13.

References

Dabak DO, Kocaman N. Effects of silymarin on
methotrexate-induced nephrotoxicity in rats. Ren Fail
2015;37(4):734-9. [CrossRef] [PubMed]

Bu T, Wang C, Meng Q, Huo X, Sun H, Sun P, et al.
Hepatoprotective effect of rhein against methotrexate-
induced liver toxicity. Eur J Pharmacol 2018;834:266-
73. [CrossRef] [PubMed]

EkiNci-Akdemi R FN, Yildirim S, Kandemi R FM, Guilgi N
i, Kiigiikler S, Saglam YS, et al. The effects of casticin
and myricetin on liver damage induced by metho-
trexate in rats. Iran J Basic Med Sci 2018;21(12):
1281-8. [CrossRef] [PubMed]

Coleshowers CL, Oguntibeju OO, Ukpong M, Truter EJ.
Effects of methotrexate on antioxidant enzyme status
in a rodent model: peer reviewed original article. Med
Technol SA 2010;24 (1):4-9. [CrossRef

Bentinger M, Tekle M, Dallner G. Coenzyme Q-bio-
synthesis and functions. Biochem Biophys Res Com-
mun2010;396(1):74-9. [CrossRef] [PubMed]

Fouad AA, Al-Sultan AI, Refaie SM, Yacoubi MT.
Coenzyme Q10 treatment ameliorates acute cisplatin
nephrotoxicity in mice. Toxicology 2010;274(1-3):49-
56. [CrossRef] [PubMed]

Fouad AA, Jresat I. Hepatoprotective effect of co-
enzyme Q10 in rats with acetaminophen toxicity.
Environ Toxicol Pharmacol 2012;33(2):158-67.
[CrossRef] [PubMed]

Ili¢ S, Stojiljkovic N, Sokolovic D, Jovanovi¢ I,
Stojanovi¢ N. Morphometric analysis of structural renal
alterations and beneficial effects of aminoguanidine in
acute kidney injury induced by cisplatin in rats. Can J
Physiol Pharmacol 2020;98(2):117-23.

[CrossRef] [PubMed]

Lowry OH, Rosebrough NJ, Farr AL, Randall R]. Protein
measurement with the folin phenol reagent. ] Biol
Chem 1951;193:265-75. [CrossRef] [PubMed]
Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction. Anal
Biochem1979;95(2):351-8. [CrossRef] [PubMed]
Goth L. A simple method for determination of serum
catalase activity and revision of reference range. Clin
Chim Acta 1991;196(2-3):143-52.

[CrossRef] [PubMed]

Mosedale M, Watkins PB. Drug-induced liver injury:
Advances in mechanistic understanding that will in-
form risk management. Clin Pharmacol Ther 2017;
101(4):469-80. [CrossRef] [PubMed]

Moodi H, Hosseini M, Abedini MR, Hassanzadeh-Taheri
M, Hassanzadeh-Taheri M. Ethanolic extract of Iris
songarica rhizome attenuates methotrexate-induced
liver and kidney damages in rats. Avicenna J
Phytomed 2020;10(4):372-83. [PubMed

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Kelleni MT, Ibrahim SA, AbdelrahmanAM. Effect of
captopril and telmisartan on methotrexate-induced
hepatotoxicity in rats: impact of oxidative stress, in-
flammation and apoptosis. Toxicol Mech Methods
2016;26(5):371-7. [CrossRef] [PubMed]

Elshazly SM, Alsemeh AE, Ahmad EAA, Rezq S. CoQ10
exerts hepatoprotective effect in fructose-induced
fatty liver model in rats. Pharmacol Rep 2020;72(4):
922-34. [CrossRef] [PubMed]

Fatima S, Suhail N, Alrashed M, Wasi S, Aljaser FS,
AlSubki RA, et al. Epigallocatechin gallate and co-
enzyme Q10 attenuate cisplatin-induced hepato-
toxicity in rats via targeting mitochondrial stress and
apoptosis. J Biochem Mol Toxicol 2021;35(4):e22701.
[CrossRef] [PubMed]

Goudarzi M, Kalantar M, Sadeghi E, Karamallah MH,
Kalantar H. Protective effects of apigenin on altered
lipid peroxidation, inflammation, and antioxidant fac-
tors in methotrexate-induced hepatotoxicity. Naunyn
Schmiedebergs Arch Pharmacol 2021;394(3):523-31.
[CrossRef] [PubMed]

Dalaklioglu S, Genc GE, Aksoy NH, Akcit F, Gumuslu
S. Resveratrol ameliorates methotrexate-induced
hepatotoxicity in rats via inhibition of lipid peroxi-
dation. Hum Exp Toxicol 2013;32(6):662-71.
[CrossRef] [PubMed]

Frijhoff J, Winyard PG, Zarkovic N, Davies SS, Stocker
R, Cheng D, et al. Clinical Relevance of Biomarkers of
Oxidative Stress. Antioxid Redox Signal 2015;23(14):
1144-70. [CrossRef] [PubMed]

Burcham PC, Kaminskas LM, Fontaine FR, Petersen
DR, Pyke SM. Aldehyde-sequestering drugs: tools for
studying protein damage by lipid peroxidation pro-
ducts. Toxicology 2002;181-2:229-36.

[CrossRef] [PubMed]

Savran M, Cicek E, Doguc DK, Asci H, Yesilot S,
Candan IA, et al. Vitamin C attenuates methotrexate-
induced oxidative stress in kidney and liver of rats.
PhysiolInt 2017;29:1-11. [CrossRef] [PubMed]

Hadi NR, Al-Amran FG, Swadi A. Metformin amelio-
rates methotrexate-induced hepatotoxicity. J Pharma-
col Pharmacother 2012;3(3):248-53.

[CrossRef] [PubMed]

Rauchova H, Drahota Z, Lenaz G. Function of co-
enzyme Q in the cell: some biochemical and phy-
siological properties. Physiol Res 1995;44(4):209-16.
PubMed

Esfahani S, Esmaeilzadeh E, Bagheri F, Emami Y,
Farjam M. The effect of co-enzyme q10 on acute liver
damage in rats, a biochemical and pathological study.
Hepat Mon. 2013;13(8):e13685. [CrossRef] [PubMed]

99


https://doi.org/10.3109/0886022X.2015.1012984
https://pubmed.ncbi.nlm.nih.gov/25707519/
https://doi.org/10.1016/j.ejphar.2018.07.031
https://pubmed.ncbi.nlm.nih.gov/30031796/
file:///C:/Users/Ucionica/Downloads/10.22038/ijbms.2018.29922.7217
https://pubmed.ncbi.nlm.nih.gov/30627373/
https://journals.co.za/doi/10.10520/EJC74237
https://doi.org/10.1016/j.bbrc.2010.02.147
https://pubmed.ncbi.nlm.nih.gov/20494114/
https://doi.org/10.1016/j.tox.2010.05.007
https://pubmed.ncbi.nlm.nih.gov/20510337/
https://doi.org/10.1016/j.etap.2011.12.011
https://pubmed.ncbi.nlm.nih.gov/22222558/
https://doi.org/10.1139/cjpp-2019-0252
https://pubmed.ncbi.nlm.nih.gov/31995714/
https://doi.org/10.1016/S0021-9258(19)52451-6
https://pubmed.ncbi.nlm.nih.gov/14907713/
https://doi.org/10.1016/0024-3205(91)90550-U
https://pubmed.ncbi.nlm.nih.gov/36810/
https://doi.org/10.1016/0009-8981(91)90067-M
https://pubmed.ncbi.nlm.nih.gov/2029780/
https://doi.org/10.1002/cpt.564
https://pubmed.ncbi.nlm.nih.gov/27861792/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7430963/
https://doi.org/10.1080/15376516.2016.1191576
https://pubmed.ncbi.nlm.nih.gov/27269004/
https://doi.org/10.1007/s43440-020-00075-5
https://pubmed.ncbi.nlm.nih.gov/32157594/
https://doi.org/10.1002/jbt.22701
https://pubmed.ncbi.nlm.nih.gov/33393703/
https://doi.org/10.1007/s00210-020-01991-2
https://pubmed.ncbi.nlm.nih.gov/33057777/
https://doi.org/10.1177/0960327112468178
https://pubmed.ncbi.nlm.nih.gov/23424212/
https://doi.org/10.1089/ars.2015.6317
https://pubmed.ncbi.nlm.nih.gov/26415143/
https://doi.org/10.1016/S0300-483X(02)00287-1
https://pubmed.ncbi.nlm.nih.gov/12505316/
https://doi.org/10.1556/2060.104.2017.2.5
https://pubmed.ncbi.nlm.nih.gov/28658959/
https://doi.org/10.4103/0976-500X.99426
https://pubmed.ncbi.nlm.nih.gov/23129960/
https://pubmed.ncbi.nlm.nih.gov/8789639/
https://doi.org/10.5812/hepatmon.13685
https://pubmed.ncbi.nlm.nih.gov/24130601/

Coenzyme Q10 attenuates methotrexate-induced liver injury in rats Sonja Ili¢ et al.

Originalni rad UDC: 577.161.3:599.323.4
doi:10.5633/amm.2022.0313

KOENZIM Q10 UBLAZAVA OSTECENJE JETRE IZAZVANO
METOTREKSATOM KOD PACOVA
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Glavni cilj ovog istraZivanja bio je ispitivanje zastitnih efekata koenzima Q10 na
osStecenje jetre izazvano metotreksatom. Studija je obavljena na 32 pacova Vistar podeljenih
u 4 grupe, pri ¢emu je prva grupa primala normalni fizioloski rastvor, druga koenzim Q10,
treca samo metotreksat i Cetvrta grupa istovremeno koenzim Q10 i metotreksat. Morfoloske i
funkcionalne promene u tkivu jetre uradene su biohemijskom analizom seruma, histo-
patoloskom analizom preseka tkiva jetre i odredivanjem parametara oksidativnog stresa u
tkivu jetre. Primena metotreksata kod pacova izazvala je znacajno povecanje koncentracija
AST, ALT i g-GT i znacajno smanjenje koli¢ine ukupnih proteina u serumu u poredenju sa C
grupom Zivotinja. Takode, metotreksat je znacajno povecao nivoe MDA i AOPP i smanjio
aktivnost katalaze u tkivu jetre. Histopatoloska analiza je pokazala izraZzeno ostecenje jetre sa
Celijskim poremecajem jetrenih kordona i znacajnim oticanjem celija, vakuolnom degene-
racijom i znacima inflamatornog odgovora nakon primene metotreksata. U grupi pacova koji
su primali koenzim Q10 8 dana nakon primene metotreksata, znacajno je smanjena povreda
tkiva jetre. Blagi poremecaj normalnog radijalnog rasporeda hepatocita i samo diskretno
neravnomerna raspodela sadrZaja hepati¢nog glikogena. U istoj grupi, biohemijska analiza je
pokazala znacajno smanjene koncentracije serumskih parametara oStecenja jetre, a promene
parametara oksidativnog stresa su statisticki znacajno poboljSane u poredenju sa rezultatima
u grupi koja je primala samo metotreksat. Nasi rezultati su potvrdili da je koenzim Q10
zastitni agens kod hepatotoksicnosti izazvane metotreksatom, verovatno zbog njegovih anti-
oksidativnih efekata.
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