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ABSTRACT

Background: Coenzyme Q
10

 is a well-known cofactor in the mitochondrial electron transport chain required for ATP produc-
tion. Coenzyme Q

10
 is recognized as an intracellular antioxidant that protects cell membrane phospholipids, mitochondrial 

membrane protein, and plasma low-density lipoprotein against oxidative damage caused by free radicals. Diabetes and 
its complications have been related to increased levels of free radicals and systemic proinflammatory cytokines and to 
an abnormal lipid profile. The aim of this study was to investigate the effects of coenzyme Q

10
 supplementation on some 

cytokine levels in streptozotocin-induced diabetic rats.
Materials, Methods & Results: In this study, 38 healthy, adult male rats were used. The rats were divided into 5 groups. 
All animals were housed in separated cages during the four weeks. The animals in group 1 was fed standard rat pellets for 
4 weeks. It was administered at 0.3 mL corn oil intraperitoneally daily for four weeks in group 2 animals. The animals in 
group 3 was injected intraperitoneally with 10 mg/kg CoQ

10
 daily for 4 weeks. Group 4 was made diabetic by subcutaneous 

injections of streptozotocin at dose of 40 mg/kg in 0.1 M citrate buffer (pH 4.5) single daily dose for two days and group 5 
was made diabetic by subcutaneous injections of streptozotocin at dose of 40 mg/kg in 0.1 M citrate buffer (pH 4.5) single 
daily dose for two days and then was injected intraperitoneally with 10 mg/kg CoQ

10
 daily for 4 weeks. During the experi-

ment, three animals from group 4 and one animals from group 5 were died due to streptozotocin-induced hypoglycemia. 
At the end of the study, blood samples were taken from all animals. In these blood samples, IL-4, IL-6, IL-10 and TNF-α 
plasma levels were determined with ELISA using sandwich enzyme-linked immunosorbent method via commercial kits. In 
this study, IL-4 level as an anti-inflammatory cytokine significantly decreased (P < 0.05) with diabetes induction compared 
to control group level. IL-10 level in diabetic group was statistically different (P < 0.05) from control group level. CoQ

10
 

application to diabetic animals improved the falling in IL-10 level of diabetic group (P < 0.05). IL-6 and TNF-α levels in 
diabetic group significantly increased (P < 0.05) in parallel with each other compared to control group levels. The same 
parameters were reduced (P < 0.05) by CoQ

10
 application in diabetic animals.  

Discussion: In this study, the occurred changes in pro- and anti-inflammatory cytokines with experimentally induced diabetes 
are expected results and these results are consistent with some studies related diabetes. These results may be considered 
to hazardous effects and inflammation caused by diabetes on liver, pancreas and other tissues. CoQ

10
 suppressed the incre-

ments in plasma pro-inflammatory cytokine levels, whereas it restored the reducing in anti-inflammatory cytokine levels 
arising due to diabetes. The obtained results from this study after CoQ

10
 application supported similar studies used CoQ

10 

application against deleterious effects of diabetes in animals and humans. Therefore, it is possible to say that CoQ
10

 may 
play important role in regulation of imbalance between inflammation markers in diabetes conditions and further studies 
are needed to clear the beneficial effects of CoQ

10
 treatment on the other inflammation markers in diabetes status. 
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INTRODUCTION

Type 1 diabetes is an autoimmune disease and 
characterized with islet β-cells destroying by a response 
mediated by T lymphocytes that react specifically to 
one or more β-cell proteins [3]. Type 1 diabetes also 
is accepted as a Th1-mediated disease and CD4- and 
CD8-positive T lymphocytes secreting IFN-γ are re-
sponsible for β-cell destruction, thus favoring cellular 
immunity [22]. However, Th1 activities are downregu-
lated by Th2 cells secreting IL-4 and IL-10. In type 
1 diabetes conducted animal models, it was reported 
that increments in Th2 activities prevented autoim-
mune responses augmented by Th1 cells in diabetes 
[14,20,23,29]. Rabinovitch [21] reported that cytokines 
as regulators and mediators of immune responses might 
have important roles in the pathogenesis of IDDM. 

Coenzyme Q
10

 (CoQ
10

) is required for ATP pro-
duction in the mitochondrial electron transport chain 
as a well-known cofactor. CoQ

10
 which is known ubi-

quinone or ubidecarenone is synthesized endogenously 
in organisms and can also be received from exogenous 
food sources [27]. In addition to its important role in 
cell energy metabolism, the ubiquinol form of CoQ

10
 

has potent lipophilic antioxidant effects. This func-
tion was accomplished either directly via protecting 
cellular components from free radicals or indirectly 
through regeneration of other endogenous antioxidants 
[4,5]. In experimental studies, it has been demonstrated 
antioxidant, anti-inflammatory and ATP-regenerative 
properties of CoQ

10
 in various diseases such as gastric 

ulcer, osteoarthritis and diabetes [6,7,15,16]. 
The study was conducted to determine the 

effects of coenzyme Q
10

 on inflammation markers in 
streptozotocin-induced diabetic rats.

MATERIALS AND METHODS

In this study, 38 healthy, adult male Wistar 
Albino rats were used. The animals were housed in 
separated cages during the four weeks experiment 
and allowed free access to water and standard pellets. 
Diabetes was induced by subcutaneous injection of 
streptozotocin1 at a dose of 40 mg/kg daily in 0.1 M 
citrate buffer (pH 4.5) single daily dose for 2 days. 
To prevent the streptozotocin-induced hypoglyce-
mia, rats received 5% dextrose solution after 6 h of 
streptozotocin administration for next 3 days. After 1 
week, induction of diabetes was verified by measur-
ing blood glucose level with strips using glucometer 

(PlusMED Accuro)2 via the tail vein. Animals having 
a blood glucose level higher than 250 mg/dL were 
considered diabetic and included in the experiments. 
The mean weights of all groups were similar. The rats 
were divided into 5 groups. The animals in group 1 (n 
= 6) were fed standard rat pellets for 4 weeks. It was 
administered at 0.3 mL corn oil intraperitoneally daily 
for 4 weeks in group 2 (n = 6) animals. The animals 
in group 3 (n = 6) was injected intraperitoneally with 
10 mg/kg CoQ

10
 (Coenzyme Q

10
)1 daily for 4 weeks. 

Group 4 (n = 7) was made diabetic by subcutaneous 
injections of streptozotocin at dose of 40 mg/kg in 0.1 
M citrate buffer (pH 4.5) single daily dose for two days 
and group 5 (n = 9) was made diabetic by subcutaneous 
injections of streptozotocin in the same way and then 
was injected intraperitoneally with 10 mg/kg CoQ

10
 

daily for 4 weeks. During the experiment, three animals 
from group 4 and one animals from group 5 were died 
due to streptozotocin-induced hypoglycemia.

At the end of the study, blood samples were 
taken from all animals. In these blood samples, IL-4, 
IL-6, IL-10 and TNF-α plasma levels were deter-
mined with ELISA (Biotek ELx800)3 using sandwich 
enzyme-linked immunosorbent method via commercial 
kits (Cytokine kits)4.  

The data were analyzed using one-way ANO-
VA (SPSS 17). Differences among the groups were 
determined by Duncan’s multiple range test. Differ-
ences were considered significant at P < 0.05. 

RESULTS

In this study, IL-4 level as an anti-inflammatory 
cytokine significantly decreased (P < 0.05 ; Table 1) 
with diabetes induction compared to control group 
level. Although IL-4 level in diabetic group treated 
with CoQ

10
 was found to be higher than diabetic group, 

this change was not important. IL-10 level in diabetic 
group was statistically different (P < 0.05 ; Table 1) 
from control group level. CoQ

10
 application to diabetic 

animals improved the falling in IL-10 level of diabetic 
group (P < 0.05 ; Table 1). IL-6 and TNF-α levels in 
diabetic group significantly increased (P < 0.05 ; Table 
1) in parallel with each other compared to control group 
level. The same parameters were reduced (P < 0.05 
; Table 1) by CoQ

10
 application in diabetic animals. 

There are no differences among control, oil and CoQ
10 

groups regarding to IL-4, IL-6, IL-10 and TNF-α levels.
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Table 1. Effect of Coenzyme Q
10

 on plasma IL-4. IL-6. IL-10 and TNF-α levels in streptozotocin-induced diabetic rats (Mean ± SE).

Group
IL-4

(pg/mL)
IL-6

(pg/mL)
IL-10

(pg/mL)
TNF-α

(pg/mL)

Group 1 8.98 ± 1.19a 55.73 ± 4.81c 51.58 ± 3.65a 96.28 ± 4.03c

Group 2 8.52 ± 0.96a 53.52 ± 5.63c 50.53 ± 3.32a 93.67 ± 4.21c

Group 3 9.13 ± 0.63a 50.78 ± 4.31c 53.35 ± 5.22a 98.57 ± 5.76c

Group 4 5.89 ± 0.57b 81.87 ± 2.48a 28.36 ± 3.65c 143.59 ± 7.63a

Group 5 7.52 ± 0.80ab 68.93 ± 2.27b 39.61 ± 2.58b 123.43 ± 4.48b

The difference between mean values with different superscripts in the same column is significant at the P < 0.05 level. Group 
1. control; group 2. oil; group 3. CoQ

10
; group 4. diabetes; group 5. CoQ

10
 and diabetes.

DISCUSSION

Hyperglycemia and hyperlipidemia in diabetes 
are associated with diminished antioxidant enzymes 
production and increased formation of reactive oxygen 
species (ROS) [19]. Excessive ROS provokes inflam-
mation and developed pancreatitis triggers systemic 
inflammatory response via release of mediators from 
immune cells [1,18,25]. In consistence with above 
acknowledgement, we have found the increase in 
pro-inflammatory cytokines with diabetes compared 
to control group in our study (P < 0.05 ; Table 1). In 
our study, the important increases in IL-6 and TNF-α 
levels with diabetes supported the data noted by Rabi-
novitch [21]. 

Several studies reported that anti-inflammatory 
cytokines (IL-4 and IL-10) have been founded to be 
decreased or unchanged [2,11,14,21]. In the experi-
ment, IL-4 and IL-10 levels significantly decreased 
(P < 0.05 ; Table 1) in diabetic rats when compared to 
control group. This result supported the previous re-
ports about the same cytokines obtained from diabetic 
rats. In diabetic rats IL-10 level showed the significant 
decrease [2]. Saxena et al. [26] have considered dia-
betes as a metabolic pro-inflammatory disorder that 
affected highly levels of circulating cytokines via 
severe hyperglycemia. 

In the present study, CoQ
10

 injection for four 
weeks to the diabetic animals resulted significantly 
decreases (P < 0.05 ; Table 1) IL-6 and TNF-α levels 
compared to diabetic group animals. Our findings are 
agreement with many studies. CoQ

10
 significantly at-

tenuated TNF-α level in ulcerative colitis in rats [7]. 
On the other hand, IL-6 and TNF-α levels were de-
creased by CoQ

10
 application in patients with multiple 

sclerosis [24]. It has been reported that TNF-α level 
reverted with administration of CoQ

10
 in rats with acute 

pancreatitis [18]. These effects of CoQ
10

 on cytokines 
can be attributed to its anti-inflammatory properties. 
The anti-inflammatory mechanisms of CoQ

10
 are ex-

actly unknown [24]. However, CoQ
10

 have free radical 
scavenging activity and ability to inhibit the activation 
of NF-KB signaling pathway [8]. In addition, it has 
been reported that CoQ

10
 have antiinflammatory ef-

fects through decrease the release of pro-inflammatory 
cytokines and COX-2 expression during inflammatory 
injury [13].

CoQ
10

 application to diabetic animals im-
proved the falling in IL-10 level of diabetic group (P 
< 0.05 ; Table 1) in this study. It has been suggested 
that high concentration of glycose causes high pro-
duction of intracellular ROS consequently resulting 
low production anti-inflammatory cytokines and high 
production pro-inflammatory cytokines [2,9,17,28]. 
Thus, the increase IL-10 level with CoQ

10
 treatment 

in diabetic group may be considered the antioxida-
tive effects of CoQ

10
. Literature reported that CoQ

10
 

treatment provoked the expression of IL-10 in ex-
perimental periodontitis rats [10] and that CoQ

10
 

administration boosted the IL-10 level in rats with 
acute pancreatitis [18]. Our results are in agreement 
with these studies. 

Although the reducing in IL-4 level was al-
leviated by CoQ

10
 application to diabetic animals 

compared with the diabetic group levels, this change 
was not important. It has been determined that CoQ

10 

supplementation didn’t alter IL-4 levels in patient with 
multiple sclerosis [24]. On the other hand, adminis-
tration of CoQ

10
 in neuropathic pain rats led to the 

decrease in IL-4 level [12]. 
In summary, CoQ

10
 application for four weeks 

in streptozotocin-induced diabetic rats resulted in 
decreasing levels of pro-inflammatory cytokines and 
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improved levels of anti-inflammatory cytokines. It 
may be due to its antioxidant and anti-inflammatory 
properties, but further studies are needed to elucidate 
the effects of CoQ10 application on inflammation and 
regulation of cytokines. 

MANUFACTURERS

1Sigma-Aldrich Co. St. Louis, MO, USA. 

2Accuro Lab Co. Ltd. Taiwan.     

3Biotek Instrumentations Inc. Winooski, VT, USA.
4eBioscience. San Diego, CA, USA.

Ethical approval. All experimental procedures were approved 
(number 2015/50) by the Ethical Committee of Selcuk Univer-
sity Experimental Medicine Research and Application Center, 
Konya, Turkey. 

Declaration of interest. The authors report no conflicts of 
interest. The authors alone are responsible for the content and 
writing of the paper. 

REFERENCES

1	Abu-Hilal M., McPhail M.J., Marchand L. & Johnson C.D. 2006. Malondialdehyde and superoxide dismutase as 
potential markers of severity in acute pancreatitis. Journal of the Pancreas. 7(2): 185-192.

2	Ahmed H.H., Aly H.F. & Ali S.A. 2015. Potential impact of CoQ
10

 and vitamin E against (STZ) induced metabolic 
deterioration in the albino rats. International Journal of Pharmacy and Pharmaceutical Sciences. 7(11): 176-184.

3	Bach J.F. 1994. Insulin-dependent diabetes mellitus as an autoimmune disease. Endocrine Reviews. 15(4): 516-542.
4	Bhagavan H.N. & Chopra R.K. 2007. Plasma coenzyme Q

10
 response to oral ingestion of coenzyme Q10 formula-

tions. Mitochondrion. 7: 78-88. 
5	Crane F.L. 2001. Biochemical functions of coenzyme Q

10
. The Journal of the American College of Nutrition. 20(6): 

591-598.
6	El-Abhar H.S. 2010. Coenzyme Q

10
: a novel gastroprotective effect via modulation of vascular permeability, prostaglan-

din E
2
, nitric oxide and redox status in indomethacin-induced gastric ulcer model. European Journal of Pharmacology. 

649(1-3): 314-319.
7	El Morsy E.M., Kamel R. & Ahmed M.A. 2015. Attenuating effects of coenzyme Q

10
 and amlodipine in ulcerative 

colitis model in rats. Immunopharmacology and Immunotoxicology. 37(3): 244-251.
8	Fouad A.A., Al-Sultan A.I., Refaie S.M. & Yacoubi M.T. 2010. Coenzyme Q

10
 treatment ameliorates acute cisplatin 

nephrotoxicity in mice. Toxicology. 274(1-3): 49-56. 
9	Ihara Y., Toyokuni S., Uchida K., Odaka H., Tanaka T., Ikeda H., Hiai H., Seino Y. & Yamada Y. 1999. Hypergly-

cemia causes oxidative stress in pancreatic beta-cells of GK rats, a model of type 2 diabetes. Diabetes. 48(4): 927-932.
10	 Jin H.J., Xue Y., Chen G. & Wu Z.Y. 2013. Effect of coenzyme Q

10
 on the expression of tumor necrosis factor-α 

and interleukin-10 in gingival tissue of experimental periodontitis in rats. Zhonghua Kou Qiang Yi Xue Za Zhi. 48(11): 
660-663. 

11	 Kallmann B.A., Hüther M., Tubes M., Feldkamp J., Bertrams J., Gries F.A., Lampeter E.F. & Kolb H. 1997. 
Systemic bias of cytokine production toward cell-mediated immune regulation in IDDM and toward humoral immunity 
in Graves’ disease. Diabetes. 46(2): 237-243. 

12	 Kandhare A.D., Ghosh P., Ghule A.E. & Bodhankar S.L. 2013. Elucidation of molecular mechanism involved in 
neuroprotective effect of Coenzyme Q

10
 in alcohol-induced neuropathic pain. Fundamental and Clinical Pharmacol-

ogy. 27(6): 603-622. 
13	 Kim J.M. & Park E. 2010. Coenzyme Q

10
 attenuated DMH-induced precancerous lesions in SD rats. Journal of Nu-

tritional Science and Vitaminology. 56(2): 139-144. 
14	 Ko K.S., Lee M., Koh J.J. & Kim S.W. 2001. Combined administration of plasmids encoding IL-4 and IL-10 prevents 

the development of autoimmune diabetes in non obese diabetic mice. Molecular Therapy. 4(4): 313-316.
15	 Kucharska J., Braunova Z., Ulicna O., Zlatos L. & Gvozdjakova A. 2000. Deficit of coenzyme Q in heart and liver 

mitochondria of rats with streptozotocin-induced diabetes. Physiological Research. 49(4): 411-418.
16	 Lee J., Hong Y.S., Jeong J.H., Yang E.J., Jhun J.Y., Park M.K., Jung Y.O., Min J.K., Kim H.Y., Park S.H. & Cho 

M.L. 2013. Coenzyme Q
10

 ameliorates pain and cartilage degradation in a rat model of osteoarthritis by regulating 
nitric oxide and inflammatory cytokines. Public Library of Science One. 8(7): e69362. 



5

                                                                                                           D. Uluisik & E. Keskin. 2017. The Effects of Coenzyme Q10 on Inflammation Markers in Streptozotocin-Induced Diabetic Rats.
                                                                                                                  Acta Scientiae Veterinariae. 45: 1446.

www.ufrgs.br/actavet
1446

17	 Lin Y., Berg A.H., Iyengar P., Lam T.K., Giacca A., Combs T.P., Rajala M.W., Du X., Rollman B., Li W., Hawkins 
M., Barzilai N., Rhodes C.J., Fantus I.G., Brownlee M. & Scherer P.E. 2005. The hyperglycemia-induced inflam-
matory response in adipocytes: the role of reactive oxygen species. The Journal of Biological Chemistry. 280(6): 
4617-4626.

18	 Mirmalek S.A., Gholamrezaei Boushehrinejad A., Yavari H., Kardeh B., Parsa Y., Salimi-Tabatabaee S.A., 
Yadollah-Damavandi S., Parsa T., Shahverdi E. & Jangholi E. 2016. Antioxidant and anti-inflammatory effects of 
Coenzyme Q

10
 on L-arginine-induced acute pancreatitis in rat. Oxidative Medicine and Cellular Longevity. 2016: 1-8. 

[http://dx.doi.org/10.1155/2016/5818479].
19	 Olukman M., Sezer E.D., Ulker S., Sözmen E.Y. & Cınar G.M. 2010. Fenofibrate treatment enhances antioxidant 

status and attenuates endothelial dysfunction in streptozotocin-induced diabetic rats. Experimental Diabetes Research. 
2010: 1-10. [http://dx.doi.org/10.1155/2010/828531].

20	 Pennline K.J., Roque-Gaffney E. & Monahan M. 1994. Recombinant human IL-10 prevents the onset of diabetes 
in the non obese diabetic mouse. Clinical Immunology and Immunopathology. 71(2): 169-175.

21	 Rabinovitch A. 1998. An update on cytokines in the pathogenesis of insulin-dependent diabetes mellitus. Diabetes/
Metabolism Reviews. 14(2): 129-151.

22	 Rabinovitch A. & Skyler J.S. 1998. Prevention of type 1 diabetes. Medical Clinics of North America. 82(4): 739-755.
23	 Rapoport M.J., Jaramillo A., Zipris D., Lazarus A.H., Serreze D.V., Leiter E.H., Cyopick P., Danska J.S. & 

Delovitch T.L. 1993. Interleukin 4 reverses T cell proliferative unresponsiveness and prevents the onset of diabetes in 
nonobese diabetic mice. The Journal of Experimental Medicine. 178(1): 87-99.

24	 Sanoobar M., Eghtesadi S., Azimi A., Khalili M., Khodadadi B., Jazayeri S., Gohari M.R. & Aryaeian N. 2015. 
Coenzyme Q

10
 supplementation ameliorates inflammatory markers in patients with multiple sclerosis: a double blind, 

placebo, controlled randomized clinical trial. Nutritional Neuroscience. 18(4): 169-176.
25	 Schoenberg M.H., Büchler M., Gaspar M., Stinner A., Younes M., Melzner I., Bültmann B. & Beger H.G. 1990. 

Oxygen free radicals in acute pancreatitis of the rat. Gut. 31(10): 1138-1143.
26	 Saxena M., Srivastava N. & Banerjee M. 2013. Association of IL-6, TNF-α and IL-10 gene polymorphisms with 

type 2 diabetes mellitus. Molecular Biology Reports. 40(11): 6271-6279.
27	 Tran M.T., Mitchell T.M., Kennedy D.T. & Gilles J.T. 2001. Role of coenzyme Q

10
 in chronic heart failure, angina, 

and hypertension. Pharmacotherapy. 21(7): 797-806.
28	 Van Exel E., Gussekloo J., de Craen A.J., Frölich M., Bootsma-Van Der Wiel A. & Westendorp R.G. 2002. Leiden 

85 Plus Study. Low production capacity of interleukin-10 associates with the metabolic syndrome and type 2 diabetes: 
the Leiden 85-Plus Study. Diabetes. 51(4): 1088-1092. 

29	 Zheng X.X., Steele A.W., Hancock W.W., Stevens A.C., Nickerson P.W., Roy-Chaudhury P., Tian Y. & Strom 
T.B. 1997. A noncytolytic IL-10/Fc fusion protein prevents diabetes, blocks autoimmunity, and promotes suppressor 
phenomena in NOD mice. The Journal of Immunology. 158(9): 4507-4513.


