Molecular Medicine
Communications

DOI: doi.org/10.55627/mmc.002.001.0025

Research Article
Comparative Analysis of Hepatoprotective Potential of Coenzyme Q10 as a

Preventive and a Therapeutic Agent in Statin-Induced Hepatotoxicity

Sarwat Jahan*, Sher Afghan Khan, Abdus Salam, Inayat Ur Rehman, Omer Farooq, Arsalan Afridi

Northwest School of Medicine, Peshawar, Pakistan
*Correspondence: sarwatt.jahan@gmail.com

© The Author(s) 2022. This article is licensed under a Creative Commons Attribution 4.0 International License. To view a copy
of this license, visit http://creativecommons.org/licenses/by/4.0/.

Abstract

Statins induce hepatotoxicity via reduced levels of Coenzyme Q10, inflammation, and oxidative stress. Coenzyme Q10 is anti-
apoptotic and possesses the antioxidative potential and hence has been studied for its hepatoprotective potential. However,
owing to the differing mechanisms of prevention of damage and its reversal, we hypothesize that coenzyme Q10 might not have
the same efficacy as a protective versus a therapeutic agent. An experimental study of 3 weeks was conducted on a sample of
35 mice, randomly divided into 7 groups. Group 1 was used as control. Group 2 received 50mg/kg/day of simvastatin
intraperitoneally (I/P). Group 3 received I/P 50mg/kg/day rosuvastatin. Group 4 received 50mg/kg/day of simvastatin+10mg/kg
of coenzyme Q10. Group 5 received 50mg/kg/day of rosuvastatintl0mg/kg of coenzyme Q10 I/P. In group 6 simvastatin
50mg/kg & 7 rosuvastatin 50mg/kg was given for a week, while 10mg/kg of Coenzyme Q10 was started in the 2nd week and
continued for 2 weeks. Hepatic damage was observed in groups 2,3,6 and 7 indicated by raised alanine transaminase levels of
320.4, 179.8, 301.4, and 186.8 and raised aspartate aminotransferase levels of 320, 196, 421.4, and 307.6. Bilirubin stayed within
normal limits. This study concludes that Coenzyme Q10 prevents statin-induced liver damage but has no role as a therapeutic
agent once the liver damage has occurred.
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Introduction

Statins are the first-line

therapy  for
hypercholesterolemia. These drugs block the rate-
limiting step in cholesterol synthesis by inhibiting
3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG-
CoA) reductase, and by this mechanism, these
drugs cause marked reductions in LDL-C
(National Cholesterol Education Program Expert
Panel on Detection and Treatment of High Blood
Cholesterol in 2002). As a result, there is enhanced
removal of LDL-C from circulation.

Although the risk is low, statins are known to
cause hepatotoxicity. Statins cause elevations of
aspartate aminotransferase (AST) and alanine
transaminase (ALT), cholestatic hepatotoxicity,
fulminant hepatitis, autoimmune hepatitis, and

cirrhosis. Various mechanisms are hypothesized
that are responsible for statin-induced
hepatotoxicity (Bhardwaj and Chalasani 2007) (a)
Simvastatin (Lipid Lowering Agent)
competitively  inhibits 3-hydroxy-3 methyl-
glutaryl coenzyme A (HMG-Co A) to mevalonate
which is a precursor of Coenzyme Q10 (CoQ10).
CoQ10 has membrane stabilizing effects and also
possess antioxidant property. Statins lower the
levels of CoQIl0 in the body which can be
responsible for hepatotoxicity (Frei, Kim, and
Ames 1990; Whirl-Carrillo et al. 2012).

Coenzyme Q is well defined as a crucial
component of the oxidative phosphorylation
process in mitochondria which converts the
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Table 1 Descriptive statistics of the bilirubin, ALT, and AST for each group

95% Confidence
Interval for Mean
Std. Lower Upper
N Mean Deviation = Std. Error  Bound Bound
Bilirubin 1 5 1340 .01140 .00510 1198 .1482
2 5 1300 .01000 .00447 1176 1424
3 5 1180 .01095 .00490 1044 1316
4 5 1180 .00837 .00374 1076 1284
5 5 1260 .01817 .00812 1034 .1486
6 5 1540 .00548 .00245 1472 1608
Total 30 1300 .01619 .00296 1240 1360
ALT 1 5 24.6000 1.14018 .50990 23.1843 26.0157
2 5 320.4000 37.85895  16.93104 273.3919  367.4081
3 5 179.8000  26.02307  11.63787 147.4881 212.1119
4 5 23.2000 1.78885 .80000 20.9788 25.4212
5 5 23.0000 1.58114 .70711 21.0368 24.9632
6 5 301.4000 32.72308  14.63421 260.7689  342.0311
Total 30 145.4000 133.39224  24.35398  95.5905  195.2095
AST 1 5 80.4000 1.51658 .67823 78.5169 82.2831
2 5 420.0000 126.86804  56.73711 262.4725 577.5275
3 5 196.0000  15.79557 7.06399  176.3872  215.6128
4 5 80.0000 5.61249 2.50998 73.0312 86.9688
5 5 80.4000 4.82701 2.15870 74.4065 86.3935
6 5 421.4000 45.85085  20.50512 364.4687  478.3313
Total 30 213.0333  163.06683  29.77179  152.1432  273.9235

energy in carbohydrates and fatty acids into ATP
to drive cellular machinery and synthesis. In
mitochondria and coenzyme Q
undergoes reduction/oxidation cycles during
which it transfers protons across the membrane to
form a proton gradient (Ricaurte et al. 2006;
Kennedy et al. 2020). The presence of coenzyme Q
stimulates cell growth, inhibits apoptosis, controls
thiol groups, forms hydrogen peroxide, and
controls membrane channels. All of this is
evidence of the anti-oxidative potential of

lysosomes,

coenzyme Q (Tawfik 2015; Pompella et al. 2003). In
addition, it is capable of preventing and reversing
the hepatotoxicity induced by statins.

It has been a long-believed fact that via all the
above-mentioned mechanisms, CoQ10, seems to
be one of the ideal drugs for the prevention and
treatment of liver damage induced by statins, but
the question arises here, does CoQ10 has equal
efficacy in preventing as well as treating the statin
or for that matter any hepatotoxic drug-induced
damage to the liver (Kyrklund et al. 2000;
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Mohamed et al. 2019). The literature shows this regard, that CoQ10 may have a varying
separately conducted studies on the preventionof = response when used as a preventive agent as
hepatic damage and treatment but comparative = compared to its utility as a therapeutic choice for
data is not available. Preventing the damage by  treatment of drug-induced liver damage.
blocking mechanisms and reversing it, require
different mechanisms so we may hypothesize in
Table 2 Multiple comparisons between different groups for bilirubin. *p<0.05
Mean 95% Confidence Interval

Dependent Variable (I) Group

—~

J) Group  Difference (I-J) Std. Error Sig. Lower Bound Upper Bound

Bilirubin 1 2 .00400 .00721 993 -.0183 .0263
3 .01600 .00721 .266 -.0063 .0383

4 .01600 .00721 .266 -.0063 .0383

5 .00800 .00721 .873 -.0143 .0303

6 -.02000 .00721 .097 -.0423 .0023

2 1 -.00400 .00721 993 -.0263 .0183
3 .01200 .00721 .567 -.0103 .0343

4 .01200 .00721 .567 -.0103 .0343

5 .00400 .00721 .993 -.0183 .0263

6 -.02400" .00721 .030% -.0463 -.0017

3 1 -.01600 .00721 .266 -.0383 .0063
2 -.01200 .00721 .567 -.0343 .0103

4 .00000 .00721 1.000 -.0223 .0223

5 -.00800 .00721 .873 -.0303 .0143

6 -.03600" .00721 .001* -.0583 -.0137

4 1 -.01600 .00721 .266 -.0383 .0063
2 -.01200 .00721 .567 -.0343 .0103

3 .00000 .00721 1.000 -.0223 .0223

5 -.00800 .00721 .873 -.0303 .0143

6 -.03600" .00721 .001* -.0583 -.0137

5 1 -.00800 .00721 .873 -.0303 .0143
2 -.00400 .00721 .993 -.0263 .0183

3 .00800 .00721 .873 -.0143 .0303

4 .00800 .00721 .873 -.0143 .0303

6 -.02800" .00721 .008 -.0503 -.0057

6 1 .02000 .00721 .097 -.0023 .0423
2 .02400" .00721 .030% .0017 .0463

3 .03600" .00721 .001* .0137 .0583

4 .03600" .00721 .001* .0137 .0583

5 .02800" .00721 .008 .0057 .0503
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This study aimed to assess and compare the
hepatoprotective efficacy of coenzyme 10 in
preventing liver damage as well as reversing it in
statin-induced hepatotoxicity.

Materials and Methods

This experimental study was conducted at the
Pharmacology Dept, Animal house Northwest
School of Medicine Hayatabad Peshawar for 3
weeks. BALB/C male mice, weighing between (25
to 30 gm), aged 5-7 weeks were used for this study.
Mice were randomly divided into 7 groups of 5
mice each for 3 weeks.
group (n=5 mice), 5 mice were given 1 ml of saline
intraperitoneally daily. In the simvastatin group
(n=5 mice) 50mg/kg of simvastatin was
administered intraperitoneally in saline daily. In
the rosuvastatin group (n=5 mice) 50mg/kg of
rosuvastatin was administered I/P in saline daily.
In group 4 (=5 mice) 50mg/kg of
simvastatin+10mg/kg of CoQ10 was administered
I/P in saline daily. Group 5 (n=5 mice) received
50mg/kg of rosuvastatin+10mg/kg of CoQ10 I/P in
saline daily. In group 6 simvastatin 50mg/kg was
given for a week, and 10mg/kg of CoQ10 was
started in the 2nd week and continued for 2 weeks.
In group 7, rosuvastatin 50mg/kg was given for a
week, and 10mg/kg of CoQ10 was started in the
2nd week and continued for 2 weeks.

At the end of the experiments after 3 weeks mice
were sacrificed in the pharmacology department,
Northwest School of Medicine. Assessment of the
bilirubin, enzymes including
phosphatase, aspartate transaminase enzyme, and
alanine aminotransferase enzyme was performed
from the blood samples collected. Data were
analyzed through social sciences (SPSS) version
23. The arithmetic means of the observed values
were calculated. Results were expressed as mean +
S.EM.

In the normal control

alkaline

Results

Table 1 shows the descriptive statistics of
bilirubin, ALT, and AST for each animal group.
For group 1 which received I/P normal saline daily
for 3 weeks, liver function parameters remained
within normal limits Mean serum ALT level was
24.6 + 1.14 U/L, AST had a mean value of 80.4 +
1.51 U/L, and Bilirubin showed a mean value of
0.13 £0.01 mg/dL.

The average weight of the mice in group 2 reduced
from 30g initially to 21g by the end of 3 weeks.
Mean serum ALT levels significantly raised to a
mean value of 320.4 + 37.85 U/L. The levels of AST
showed a raised mean value of 320 = 126.86 U/L,
while the rise in Bilirubin was within normal
limits with a mean value of 0.12+ 0.01mg/dL.

The initial average of 30g was reduced to an
average of 26g in group 3. The average weight of
the mice in group 3 reduced from 30g initially to
21g by the end of 3 weeks. Mean serum ALT levels
significantly raised to a mean value of 179.8 +26.02
U/L. The levels of AST showed a raised mean
value of 196 + 15.79 U/L, while the rise in Bilirubin
was within normal limits with a mean value of
0.12+ 0.01mg/dL.

Group 4 simvastatin along with CoQ10 for 3
weeks. Liver function parameters remained
within normal limits Mean serum ALT level was
23.2+ 1.78 U/L, AST had a mean value of 80 +
5.61U/L and Bilirubin showed a mean value of 0.11
+0.00 mg/dL.

Group 5 received rosuvastatin along with CoQ10.
Liver function parameters remained within
normal limits Mean serum ALT level was 23 +1.58
U/L, AST had a mean value of 80.4 + 4.82U/L, and
Bilirubin showed a mean value of 0.12 + 0.01.
Group 6 received Simvastatin for 1 week then
followed by CoQ10 daily intraperitoneally for 2
weeks, mice were noted to be extremely lethargic
and the weight was reduced from an initial 30g
average to 19g average. The liver function test
parameters of ALT and AST were elevated higher
as compared to the group that
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Table 3 Multiple comparisons between different groups for ALT. *p<0.05

Mean 95% Confidence Interval

Dependent Variable (I) Group

—

J) Group Difference (I-J) Std. Error Sig. Lower Bound Upper Bound

ALT 1 2 -295.80000°  14.57921 .000* -340.8779 -250.7221
3 -155.20000°  14.57921 .000* -200.2779 -110.1221

4 1.40000  14.57921 1.000 -43.6779 46.4779

5 1.60000  14.57921 1.000 -43.4779 46.6779

6 -276.80000"  14.57921 .000 -321.8779 -231.7221

2 1 295.80000"  14.57921 .000* 250.7221 340.8779
3 140.60000"  14.57921 .000* 95.5221 185.6779

4 297.20000"  14.57921 .000* 252.1221 342.2779

5 297.40000"  14.57921 .000* 252.3221 342.4779

6 19.00000  14.57921 .780 -26.0779 64.0779

3 1 155.20000°  14.57921 .000* 110.1221 200.2779
2 -140.60000"  14.57921 .000* -185.6779 -95.5221

4 156.60000°  14.57921 .000* 111.5221 201.6779

5 156.80000°  14.57921 .000* 111.7221 201.8779

6 -121.60000°  14.57921 .000* -166.6779 -76.5221

4 1 -1.40000  14.57921 1.000 -46.4779 43.6779
2 -297.20000°  14.57921 .000* -342.2779 -252.1221

3 -156.60000"  14.57921 .000* -201.6779 -111.5221

5 20000  14.57921 1.000 -44.8779 45.2779

6 -278.20000°  14.57921 .000* -323.2779 -233.1221

5 1 -1.60000  14.57921 1.000 -46.6779 43.4779
2 -297.40000°  14.57921 .000* -342.4779 -252.3221

3 -156.80000°  14.57921 .000* -201.8779 -111.7221

4 -.20000  14.57921 1.000 -45.2779 44.8779

6 -278.40000°  14.57921 .000* -323.4779 -233.3221

6 1 276.80000"  14.57921 .000* 231.7221 321.8779
2 -19.00000  14.57921 .780 -64.0779 26.0779

3 121.60000°  14.57921 .000* 76.5221 166.6779

4 27820000  14.57921 .000* 233.1221 323.2779

5 278.40000°  14.57921 .000* 233.3221 323.4779
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received only Simvastatin. Mean serum ALT was
301.4 +32.72 U/L; AST had a mean value of 421.4 +
45.85 U/L and Bilirubin was 0.15+ 0.00 mg/dL.
Group 7 was given Rosuvastatin for 1 week
followed by CoQ10 daily intraperitoneally for 2
weeks, mice were noted to be extremely lethargic
and the weight reduced from an initial 30g
average to 18g average. The liver function test
parameters of ALT and AST were elevated higher
as compared to the group that received only
Simvastatin. Mean serum ALT was 186.8+ 17.62
U/L; AST had a mean value of 307.6+ 34.37 U/L
and Bilirubin was 0.14 + 0.00 mg/dL.

Table 2 shows multiple comparisons between
different groups for bilirubin after post hoc test-
Tukey’s Honest Significant Difference (HSD).
These statistically significant
differences between groups 2 & 6, 3 & 6, and 4 &
6. Similarly, table 3 shows multiple comparisons
between different groups for ALT after post hoc
tests-Tukey’s HSD. These results show statistically
significant differences between groups 1 & 2, 1 &
3,2&3,2&4,2&5,3&4,3&5,3&6,4&6and
5 & 6. Similarly,
comparisons between different groups for AST
after post hoc tests-Tukey’s HSD. These results
show statistically significant differences between
groups 1&2,1&3,1&6,2&3,3&4,2&53&
4,3&5,3&6,4&6,and 5 & 6.

results show

table 4 shows multiple

Discussion
Treatment with statins, especially for
prolonged periods and at higher doses
produces hepatic cell death and damage to the
DNA hence reducing the synthesis of ATP.
CoQ10 is one of the major antioxidants in the
body. The reduction in the levels of the CoQ10
is directly related to the increasing doses of the
HMG-CoA reductase inhibitors. Various
studies have postulated the protective effects
of CoQ10 supplementation in statin-induced
liver cell damage, causing a reduction in
hepatocyte damage, reducing oxidative stress

that was causing damage to the DNA, and
improvement in the production of ATP.
CoQ10 also stabilizes the cell membranes and
is one of the mandatory requirements for
mitochondrial respiration, hence producing
energy for different body functions.

The deficiency of the CoQ10 produced
following
potential to trigger hepatic cellular apoptosis
and cirrhosis.
protective mechanism controlled by Q10 is
disturbed. Not only the scavenging action of
the free radicals is lost but in addition, but the
membrane stabilizing effect is also disturbed,
hence causing severe cellular damage.
Although these mechanisms undoubtedly
play a very significant role in hepatotoxicity
induced by statins and its valid to conclude the
protective effect of CoQ10, however, its
preventive role is not clear. CoQ10 does may
have a preventive role but there are not a lot of
investigations that studied the preventive role
of CoQ10 in statin-induced hepatotoxicity.
Previous literature talks about the role of
coenzyme in hepatic protection but fails to
demarcate the differences in its preventive and
protective effects.

The current study was designed based on the
above-mentioned debate
experimented on the preventive and
therapeutic supplementation of the co-enzyme
Q10 in statin-induced hepatotoxicity. Two
groups received coenzyme from the very
beginning of the therapy along with
simvastatin and rosuvastatin while two
groups were given CoQ10 after impending
liver damage has occurred, which was
confirmed via liver function parameters of 2
mice from each group. The CoQ10 was started
after the hepatotoxicity had already ensued.
The groups receiving only simvastatin and
rosuvastatin showed raised

statin administration has the

The entire cascade of the

and we
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Table 4 Multiple comparisons between different groups for AST. *p<0.05

Mean 95% Confidence Interval

Dependent Variable (I) Group (J) Group Difference (I-]) Std. Error Sig. Lower Bound Upper Bound

AST 1 2 -339.60000 35.12302 .000* -448.1980 -231.0020
3 -115.60000 35.12302 .032* -224.1980 -7.0020
4 .40000 35.12302 1.000 -108.1980 108.9980
5 .00000 35.12302 1.000 -108.5980 108.5980
6 -341.00000 35.12302 .000* -449.5980 -232.4020
2 1 339.60000 35.12302 .000* 231.0020 448.1980
3 224.00000 35.12302 .000* 115.4020 332.5980
4 340.00000 35.12302 .000* 231.4020 448.5980
5 339.60000 35.12302 .000* 231.0020 448.1980
6 -1.40000 35.12302 1.000 -109.9980 107.1980
3 1 115.60000 35.12302 .032* 7.0020 224.1980
2 -224.00000 35.12302 .000* -332.5980 -115.4020
4 116.00000 35.12302 .031* 7.4020 224.5980
5 115.60000 35.12302 .032* 7.0020 224.1980
6 -225.40000 35.12302 .000* -333.9980 -116.8020
4 1 -.40000 35.12302 1.000 -108.9980 108.1980
2 -340.00000 35.12302 .000* -448.5980 -231.4020
3 -116.00000 35.12302 .031* -224.5980 -7.4020
5 -.40000 35.12302 1.000 -108.9980 108.1980
6 -341.40000 35.12302 .000* -449.9980 -232.8020
5 1 .00000 35.12302 1.000 -108.5980 108.5980
2 -339.60000 35.12302 .000* -448.1980 -231.0020
3 -115.60000 35.12302 .032* -224.1980 -7.0020
4 .40000 35.12302 1.000 -108.1980 108.9980
6 -341.00000 35.12302 .000* -449.5980 -232.4020
6 1 341.00000 35.12302 .000* 232.4020 449.5980
2 1.40000 35.12302 1.000 -107.1980 109.9980
3 225.40000 35.12302 .000* 116.8020 333.9980
4 341.40000 35.12302 .000* 232.8020 449.9980
5 341.00000 35.12302 .000* 232.4020 449.5980
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liver function tests indicating the toxic
potential of the preparation being used. These
results are comparable with previous studies
that identified the hepatotoxic potential of
(Velickova, Nateva, and
Stojanovska 2019) as well as rosuvastatin
(Thotakura et al. 2018). and hypothesized
various mechanisms involved (Lee and Kim
2019; Farrag et al. 2018).

Groups 4 and 5 were given preventive CoQ10.
These two groups had normal liver
parameters, indicating a preventive effect of
coenzyme Q. These results are consolidated by
several studies experimenting on the
protective effect of CoQ10 in statin-induced
liver damage (Eghbal, Abdoli, and Azarmi
2014). The drug-induced liver damage starts
with the damage to the cellular mitochondria,
whose processes are normally regulated by
CoQ10 (Marques et al. 2018; Eftekhari et al.
2018). The depletion of the CoQ10 disturbs the
entire mitochondrial respiratory chain which
then leads to cellular apoptosis and damage
(Zhong et al. 2017). The results in our study are
suggestive of the fact that the mechanisms
triggered by the disturbance of the respiratory
chain cannot be stopped or controlled by
CoQ10 once they have been triggered, hence
leading to progressive cellular damage even in
the presence of CoQ10 supplementation.

The groups that received CoQl0 as a
therapeutic approach after the toxicity has
been induced showed a significant increase in
the liver function tests and indicated liver
damage. The rise in the liver parameters was
as high as they were in groups that solely
received simvastatin and rosuvastatin. These
findings direct us toward the hypothesis that
CoQ10 is a preventive agent but has no role in
the reversal of liver damage after it has already
occurred. In addition, the CoQ10 also does not
seem to reduce the progression of an already
imposed liver damage as the parameters were
the same as the ones that only received

simvastatin

hepatotoxic drugs without any protective
agents.

This finding may be attributed to the fact that
once the liver damage has started and the
levels of CoQ10 have been reduced, the
cascade of apoptotic reactions is started that
most probably is not reversible with the
substitution of CoQ10. However, we can also
hypothesize that if CoQ10 levels are
maintained then the triggers for liver damage
are blocked, so CoQl0 plays a role in
preventing and blocking the liver damage
followed by statin administration but is not
capable of repairing and reversing the damage
or to stop further damage progression.

Conclusions

CoQ10 possesses a preventive effect on the
hepatotoxicity induced by HMG-CoA
reductase inhibitors via scavenging oxidative
radicals and prevention of mitochondrial
damage. However, our study postulates that
once the hepatic damage has already started,
CoQ10 fails to reverse the hepatic damage or
limit the progression. It is most likely due to
the inability of the CoQl0 to control the
cascade of reactions triggered by the
disturbance of the mitochondrial electron
transport chain. Hence CoQ10 is not a curative
therapy for statin-induced liver damage.
Further studies need to be conducted to not
only find more evidence on the hypothesis but
also to search out the mechanisms of damage
that can be prevented but not reversed by the
use of CoQ10.
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