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Introduction. Data on the effects of coenzyme Q10 (CQ10) on
gene expression related to insulin, lipid, and inflammation in
patients with diabetic nephropathy (DN) are scarce. This study
aimed to determine the effects of CQ10 supplementation on gene
expression related to insulin, lipid, and inflammation pathways
in patients with DN.

Materials and Methods. Forty patients with DN, aged 40 to 85
years old, were randomly assigned into 2 groups to receive either
100 mg/d of CQ10 supplements (n = 20) or placebo (n = 20), for 12
weeks. Gene expression related to signaling pathway of insulin,
lipid, and inflammation were determined in blood samples using
a reverse transcriptase polymerase chain reaction method.
Results. Quantitative results of reverse transcriptase polymerase
chain reaction demonstrated that compared with the placebo,
CQ10 administration upregulated gene expression of peroxisome
proliferator-activated receptor-y (P = .02) in peripheral blood
mononuclear cells of the patients with DN. In addition, compared
with the placebo, CQ10 supplementation downregulated gene
expression of interleukin-1 (P = .003) and tumor necrosis factor-a
(P =.02). No significant effects were observed on gene expression
of oxidized low-density lipoprotein, lipoprotein(a), glucose
transporter-1, transforming growth factor-p in the CQ10 group.
Conclusions. Overall, CQ10 supplementation for 12 weeks in DN
patients significantly improved gene expression of peroxisome
proliferator-activated receptor-y, interleukin-1, and tumor necrosis
factor-a.
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Previous studies have reported that various
genetic factors involve in the pathogenesis
of diabetic nephropathy (DN)."?> Peroxisome
proliferator-activated receptor-y (PPAR-y) is mainly
expressed in adipose tissues,® which controls
adipogenesis and lipid storage. In addition,
PPAR-y is constitutively expressed in the kidney,
suggesting that the kidney is a direct target tissue
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of PPAR-y agonists.* On the other hand, pro-
inflammatory cytokines including interleukin-1
(IL-1) and tumor necrosis factor-a (TNF-a) have
critical roles in pathogenesis of DN by increased
vascular permeability, proliferation of mesangial
cells, and impaired balance among vasodilator
and vasoconstriction mediators.>®

Coenzyme Q10 (CQ10) plays an important role
in several important cellular functions, such as
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disulfide bonds formation, scavenging reactive
oxygen species, cell signals, and gene expression.”
The favorable effects of CQ10 supplementation on
metabolic profiles and inflammatory markers have
previously been reported.®” In addition, beneficial
effects of CQ10 on gene expression related to
insulin, lipid, and inflammation have evaluated
among subjects without DN and animal models.
For instance, CQ10 upregulated gene expression
of PPAR-a via the calcium-mediated adenosine
monophosphate-activated protein kinase signal
pathway and suppressing differentiation-induced
adipogenesis in 3T3-L1 preadipocytes.'” Furthermore,
Lee and coworkers! observed that the severity of
graft versus host disease and gene expressions of
IL-6 and TNF-a decreased following treatment
with CQ10. Coenzyme Q10 also increased insulin
sensitivity and had antidiabetic properties via
increasing the activity of phosphatidylinositol
kinase in the liver and skeletal muscle of rats fed
with a high-fat high-fructose diet.'?

These findings might support the importance of
CQ10 supplementation in individuals with DN. To
our knowledge, limited data are available evaluating
the effects of CQ10 intake on gene expression
related to insulin, lipid, and inflammation in
individuals with DN. The aim of this trial was to
determine the effects of CQ10 supplementation
on gene expression related to insulin, lipid, and
inflammation in patients with DN.

This study was a randomized double-blind
placebo-controlled clinical trial.

This trial was performed among 40 patients with
DN aged 40 to 85 years old referred to Naghavi
Clinic in Kashan, Iran, between December 2015 and
March 2016. We defined DN as diabetic kidney
disease with a proteinuria level greater than 0.3
g/24 h, with or without circulating concentrations
of serum creatinine.!® The exclusion criteria were
consumption of any nutritional supplements within
past 3 months, including vitamin E, omega-3 fatty
acids, selenium, and CQ10; history of active infection
within past 3 months; history of hospital admission
within 3 months; malignancy or liver cirrhosis;
uncontrolled diabetes mellitus; and pregnancy.

This trial was performed in accordance with
the Declaration of Helsinki and informed consent
forms were signed by all participants. The study
protocol was approved by the ethics committee of
Kashan University of Medical Sciences and was
registered with the Iranian Registry of Clinical
Trials (http:/ /www.irct.ir; IRCT201611155623N93).

The participants were randomly assigned into
2 groups to receive either 100 mg/d of CQ10
supplement (n = 20) or placebo (n = 20) for 12
weeks. Randomization assignment was carried
out using computer-generated random numbers.
Randomization and allocation were concealed
from the researchers and participants until the
final analyses were completed. The randomized
allocation sequence, enrolling participants, and
allocating them to interventions were performed
by a trained nutritionist at the clinic.

The CQ10 supplement and its placebos
(cellulose) were manufactured by the Nature Made
Pharmaceutical Company (New York, USA) and Barij
Essence Pharmaceutical Company (Kashan, Iran),
respectively. Before the intervention, participants
were requested to keep their habitual diet and
routine levels of physical activity throughout the
study period. All of the participants recorded 3-day
dietary records and 3 physical activity records at the
study baseline and after the 12-week treatment. To
compute daily macro- and micro-nutrient intakes
according to the 3-day food diaries, we used the
Nutritionist IV software (First Databank, San Bruno,
CA) adjusted for Iranian foods.

Every 4 weeks, the participants were given
enough supplements to last until 3 days after
their next scheduled visit and were instructed
to return all the unused supplements at each
visit. To evaluate the compliance, the remaining
supplements were counted and subtracted from
the amount of supplements provided. In addition,
all of the participants received short messages on
their cell phones every day to remind them about
taking the capsules.

Weight and height of the participants were
determined in an overnight fasting status using a
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standard scale (Seca, Hamburg, Germany) at baseline
and after the 12-week intervention. Body mass index
was calculated as weight in kg divided by height in
squared meters. All anthropometric measurements
were done by a trained staff at the internal clinic.

Gene expression of PPAR-y and glucose
transporter-1 (GLUT-1) were considered as
the primary outcome and gene expression of
lipoprotein(a) (Lp(a)), oxidized low-density
lipoprotein LDL cholesterol, IL-1, IL-8, TNF-a,
and transforming growth factor beta (TGF-B) were
considered as the secondary outcome variables.

At baseline and after 12 weeks, 10-mL venous
blood samples were taken after overnight fasting
at Kashan reference laboratory. Then, lymphocyte
cells were extracted from blood samples by the use
of a 50% percoll gradient (Sigma-Aldrich, Dorset,
UK). The cells of lymphocytes which were at the
interface of percoll and serum were removed using
a Pasteur pipette and washed a few times with
phosphate buffer saline.'* Samples were taken
for cell count and viability testing by trypan blue,
RNA, and DNA extraction.'

For RNA extraction, the RNX-plus kit (Cinnacolon,

Tehran, Iran) was used. After preparation of
homogenate, the cells powder was harvested
and resuspended in 1 mL of RNAX-plus reagent
in a clean RNase-free tube. After incubation for
5 minutes at room temperature, the sample was
pipetted and subsequently treated with addition of
200 pL of chloroform.!* The mixture was incubated
at room temperature for 5 minutes after shaking
rigorously for 15 seconds.!*

The first strand complementary DNA synthesis
can be performed as an individual reaction or as
a series of parallel reactions with different RNA
templates. The isolated RNA was reverse transcribed
to complementary DNA library using moloney
murine leukemia virus reverse transcriptase.

Expressed levels of PPAR-y, GLUT-1, Lp(a),
Oxidized LDL cholesterol, IL-1, IL-8, TNF-0, and
TGF-B were evaluated by quantitative reverse
transcriptase polymerase chain reaction, using the
LightCycler technology (Roche Diagnostics, Rotkreuz,
Switzerland) with a SYBR Green Detection and
Amplicon Kit (Table). Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) primers were used as
housekeeping gene. All reactions were run in
duplicates. To design primers, the Primer Express

Specific Primers Used for Real-Time Quantitative Polymerase Chain Reaction*

Gene Primer Product Size, bp Annealing Temperature,°C

GAPDH F: AAGCTCATTTCCTGGTATGACAACG 126 61.3
R: TCTTCCTCTTGTGCTCTTGCTGG

PPAR-y F: ATGACAGACCTCAGACAGATTG 210 54
R: AATGTTGGCAGTGGCTCAG

GLUT-1 F: TATCTGAGCATCGTGGCCAT 238 62.1
R: AAGACGTAGGGACCACACAG

Lp(a) F: GACACAGCACGTTCATTCCA 200 55
R: ACACCCCCCTACAATGCTTC

Oxidized LDL F: ACTTACGGACAGACAGACAG 223 57
R: GGCCACACATCCCATGATTC

IL-1 F: GCTTCTCTCTGGTCCTTGG 174 56
R: AGGGCAGGGTAGAGAAGAG

IL-8 F: GCAGAGGGTTGTGGAGAAGT 150 56
R: ACCCTACAACAGACCCACAC

TNF-a F: GTCAACCTCCTCTCTGCCAT 188 52
R: CCAAAGTAGACCTGCCCAGA

TGF-B F: TTGAGACTTTTCCGTTGCCG 227 56

R: CGAGGTCTGGGGAAAAGTCT

*GAPDH indicates glyceraldehyde-3-phosphate dehydrogenase; GLUT-1, glucose transporter-1; IL-1, interleukin-1; IL-8, interleukin-8; Lp(a),
lipoprotein(a); LDL, low-density lipoprotein; PPAR-y, peroxisome proliferator-activated receptor-y; TNF-a, tumor necrosis factor-o; and TGF-B,

transforming growth factor-p.
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Software (Applied Biosystems, Foster City) and
Beacon Designer software (Takaposizt, Tehran,
Iran) were used. Relative transcription levels were
calculated by the method of Pffafi or 24T, Prior
studies have shown that GAPDH is one of the
most commonly used housekeeping genes used in
comparisons of gene expression data.'>'® Although
GAPDH is one of the 10 enzymes that catalyze
reactions in the glycolytic pathway, this hypothesis
supports that nutrition status may influence GAPDH
expression levels."” Nonetheless, previous studies have
demonstrated that within-tissue variation of GAPDH
mRNA expression levels is generally small.'>'¢

To evaluate whether the study variables
were normally distributed or not, we used the
Kolmogrov-Smirnov test. To show differences in
anthropometric measures as well as in macro- and
micro-nutrient dietary intakes between the two
groups, we used independent samples t test. To
determine the effects of CQ10 supplementation
on gene expression related to insulin, lipid, and
inflammation, we used independent samples t test.
A P value less than .05 was considered significant.
All statistical analyses used the SPSS software
(Statistical Package for the Social Sciences, version
18.0, SPSS Inc, Chicago, IL, USA).

A total of 55 patients were recruited; however,
15 were excluded from the study because of not
meeting inclusion criteria. Forty patients (20 in
the placebo group and 20 in the CQ10 group)
completed the trial (Figure 1). On average, the
rate of adherence was high, such that higher than
90% of the supplements were taken throughout
the study in both groups. No side effects were
recorded following supplementation with CQ10
in the patients with DN throughout the study.

The mean age and height as well as baseline and
end-of-trial weight and body mass index were not
significantly different between the two groups,
neither was sex distribution (data not shown).
The two groups were not significantly different in
terms of smoking, duration of diabetes mellitus,
antidiabetic and antilipidemic use, hypertension,
or angiotensin-converting enzyme inhibitors and
aldosterone receptor blockers use. Finally, based
on the 3-day dietary records obtained at baseline,
end-of-trial, and throughout the trial, we found no
significant difference in the mean dietary macro-
and micro-nutrient intakes between the two groups
(data not shown).

Quantitative results of reverse transcriptase
polymerase chain reaction demonstrated that
compared with the placebo, CQ10 administration

Assessed for eligibility (n = 55)

Excluded because of not meeting the
inclusion criteria (n = 15)

Randomized (n = 40)

Intervention group (n = 20)

Placebo group (n = 20)

Lost to follow up (n=0)

Lost to follow up (n = 0)

Analysis (n = 20)

Analysis (n = 20)

Figure 1. Summary of patient flow diagram.
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Figure 2. Effect of 12-week supplementation with coenzyme
Q10 (CQ10) and placebo on expression ratio of peroxisome
proliferator-activated receptor-y (PPAR-y) and glucose
transporter-1 (GLUT-1) in blood mononuclear cells of patients
with diabetic nephropathy.

upregulated gene expression of PPAR-y (P = .02)
in peripheral blood mononuclear cells of the
patients with DN, but there was no change in gene
expression of GLUT-1 (Figure 2). Compared with the
placebo, CQ10 supplementation did not alter gene
expression of Oxidized LDL or LP(a) in peripheral
blood mononuclear cells of the patients with DN
(Figure 3), but it downregulated gene expression
of IL-1 (P =.003) and TNF-a (P =.02). No CQ10
influence was observed on gene expression of IL-8
or TGF-B (Figure 4).

In this study, which to our knowledge is
the first of its kind, we assessed effects of
CQ10 supplementation on gene expression of
related to signaling pathway of insulin, lipid,
and inflammation among those with DN. We
demonstrated that CQ10 supplementation for 12
weeks among patients with DN had beneficial
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Figure 3. Effect of 12-week supplementation with coenzyme
Q10 (CQ10) and placebo on expression ratio of Oxidized low-
density lipoprotein (LDL) and lipoprotein(a) (Lp(a)) in blood
mononuclear cells of patients with diabetic nephropathy.

effects on some gene expressions related to signaling
pathway of insulin and inflammation. It must be
considered that in the current study, we used 100
mg of CQ10 supplements per day for 12 weeks,
which was lower than usual reported dosage.!®
Although beneficial effects of the same dose of
CQ10 were previously reported among patients
with metabolic syndrome® and polycystic ovary
syndrome,' we believe that further studies are
needed to confirm our findings.

Diabetic nephropathy is associated with several
metabolic complications, including insulin resistance,
dyslipidemia, and inflammation.?’ The current
study demonstrated that taking CQ10 for 12 weeks
in patients with DN upregulated gene expression
of PPAR-y, but did not alter gene expression of
GLUT-1, Oxidized LDL, or Lp(a). However, data
on the effects of CQ10 supplementation on gene
expression of these proteins are scarce; few studies
have evaluated the effects of CQ10 supplementation
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IL-1 on signaling expression of insulin and lipid. Lee
P=.003 and colleagues!® observed that CQ10 resulted in
the overexpression of PPAR-o at both the mRNA
T and protein levels in 3T3-L1 preadipocytes. In
1 addition, CQ10 partially attenuated the effect of

TNF-a on PPAR-y, but did not change its effect
on PPAR-a.?! Likewise, supplementation with
CQ10 induced PPAR-0 gene expression signature in
SAMP1 mice.? This is consistent with prior studies
indicating that supplementation with 200 mg/d of
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R T f— CQ10 in those with type 2 diabetes mellitus for 12
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metabolic syndrome for 8 weeks,® resulted in a
- significant improvement in glycemic control.
Peroxisome proliferator-activated receptor-vy is
T a nuclear receptor protein that acts as a ligand-
activated transcription factor in regulating gene
expression and is implicated in glucose and
insulin metabolism, differentiation, proliferation,
survival, and inflammation.?® In addition, PPAR-y
plays an important function in many kidney
diseases.?* Previous studies have shown that
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injury and the markers of glomerular dysfunction
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TNF-a
P= 2 in the models of renal ischemia-reperfusion,

f ! and the upregulation of PPAR-y provides the
protection against hypertonicity-induced cell death
T in cultured medullary interstitial cells, which
suggests that PPAR-y is an important survival
factor in the kidney.?” Taking CQ10 supplements
may induce gene expression of PPAR-y thorough
the calcium-mediated adenosine monophosphate-
activated protein kinase signal pathway and
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Placebo cato We found that CQ10 supplementation for 12
ey weeks downregulated IL-1 and TNF-a expression in
=88 patients with DN, compared with the placebo, but
did not affect gene expression of IL-8 and TGEF-p.
—r T In line with our finding, in a study conducted by
Yoneda and colleagues,®® it was seen that CQ10
reduced gene expression of interleukin-1f, TNF-o,
and nuclear factor-«B in rats after 8 days. Likewise,
Lee and colleagues'! found that the severity of graft
versus host disease and gene expressions of IL-6 and
TNF-a decreased following treatment with CQ10. In
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Placebo cQio another study, Premkumar and coworkers® reported

Figure 4. Effect of 12-week supplementation with coenzyme that CQ10 decreased the production of inflammatory
Q10 (CQ10) and placebo on expression ratio of interleukin mediators such as IL-6. In addition, our study was

(IL)-1, IL-8, tumor necrosis factor-a (TNF-a), and transforming
growth factor-B (TGF-B) in blood mononuclear cells of patients

in line with another study in cardiac tissue,* and

with diabetic nephropathy. CQ10 is known to have anti-inflammatory properties
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in mouse liver and human plasma.?*? Previous
studies have reported that renal mRNA expression
of TNF-u is significantly increased approximately
2.5-fold in DN rats compared with normal rats.?>3*
Experimental studies have indicated that urinary
albumin excretion positively associated with renal
cortical mRNA levels and urinary TNF-a excretion
in animal models of DN.3*3 Furthermore, it has
been shown that increased urinary TNF-a excretion,
as well as increased TNF-a concentrations in renal
interstitial fluid, result in significant increase of
albuminuria.?® In addition, others have shown
that IL-1 is upregulated in the diabetic kidney.?*
Interleukin-1 increases vascular endothelial
permeability, and it is participated in the proliferation
of mesangial cells and matrix synthesis, as well as
in the progress of intraglomerular haemodynamic
abnormalities related to prostaglandin synthesis.
The different findings might be explained by
different study designs, different dosages of CQ10
used as well as different subjects of the study. Due
to its antioxidant and radical scavenging activity,
CQ10 can reduce reactive oxygen species and free
radicals, which in turn could influence TNF-o gene
expression via the nuclear factor-xB pathway.*

This study had a few limitations. We did not
determine CQ10 concentrations at the study baseline
and at the end of treatment. We considered PPAR-y
and GLUT-1 as gene expressions related to insulin.
However, GLUT-1 is not directly influenced by
insulin; it was not surprising that we did not observe
any variation of GLUT-1 gene expression following
supplementation with CQ10. We agree that other
insulin-dependent transporters such as GLUT-4 or
other postreceptor steps including insulin receptor
substrate 1 or 2 and protein kinase B are more
important than GLUT-1. Unfortunately, due to
funding limitations, we did not assess gene expression
of these pathways. Therefore, measurement of these
pathways as well as pathways related to oxidative
stress is suggested in future studies.

Overall, CQ10 supplementation for 12 weeks in
DN patients significantly improved gene expression
of PPAR-y, IL-1, and TNF-a, but did not affect
GLUT-1, Oxidized LDL, LP(a), IL-8, and TGEF-p.

This study was funded by a grant from the

20

Vice-Chancellor for Research, Kashan University
of Medical Sciences.

None declared.

1. Wang L, Teng Z, Cai S, Wang D, Zhao X, Yu K. The
association between the PPARgamma2 Pro12Ala
polymorphism and nephropathy susceptibility in type 2
diabetes: a meta-analysis based on 9,176 subjects. Diagn
Pathol. 2013;8:118.

2. Liu G, Zhou TB, Jiang Z, et al. Relationship between
PPARgamma Pro12Ala gene polymorphism and type
2 diabetic nephropathy risk in Asian population: results
from a meta-analysis. J Recept Signal Transduct Res.
2014;34:131-6.

3. Chawla A, Schwarz EJ, Dimaculangan DD, Lazar MA.
Peroxisome proliferator-activated receptor (PPAR) gamma:
adipose-predominant expression and induction early in
adipocyte differentiation. Endocrinology. 1994;135:798-800.

4. Yang J, Zhou Y, Guan Y. PPARgamma as a therapeutic
target in diabetic nephropathy and other renal diseases.
Curr Opin Nephrol Hypertens. 2012;21:97-105.

5. Rivero A, Mora C, Muros M, Garcia J, Herrera H, Navarro-
Gonzalez JF. Pathogenic perspectives for the role of
inflammation in diabetic nephropathy. Clin Sci (Lond).
2009;116:479-92.

6. McCarthy ET, Sharma R, Sharma M, et al. TNF-alpha
increases albumin permeability of isolated rat glomeruli
through the generation of superoxide. J Am Soc Nephrol.
1998;9:433-8.

7. Groneberg DA, Kindermann B, Althammer M, et al.
Coenzyme Q10 affects expression of genes involved in
cell signalling, metabolism and transport in human CaCo-
2 cells. Int J Biochem Cell Biol. 2005;37:1208-18.

8. Raygan F, Rezavandi Z, Dadkhah Tehrani S, Farrokhian A,
Asemi Z. The effects of coenzyme Q10 administration on
glucose homeostasis parameters, lipid profiles, biomarkers
of inflammation and oxidative stress in patients with
metabolic syndrome. Eur J Nutr. 2016;55:2357-64.

9. Zahedi H, Eghtesadi S, Seifirad S, et al. Effects of CoQ10
Supplementation on Lipid Profiles and Glycemic Control
in Patients with Type 2 Diabetes: a randomized, double
blind, placebo-controlled trial. J Diabetes Metab Disord.
2014;13:81.

10. Lee SK, Lee JO, Kim JH, et al. Coenzyme Q10 increases
the fatty acid oxidation through AMPK-mediated
PPARalpha induction in 3T3-L1 preadipocytes. Cell
Signal. 2012;24:2329-36.

11. Lee SH, Park MJ, Cho ML. Coenzyme Q10 Exerts Anti-
Inflammatory Activity and Induces Treg in Graft Versus
Host Disease. J Med Food. 2016;19:238-44.

12. Amin MM, Asaad GF, Abdel Salam RM, El-Abhar HS,
Arbid MS. Novel CoQ10 antidiabetic mechanisms underlie
its positive effect: modulation of insulin and adiponectine
receptors, Tyrosine kinase, PI3K, glucose transporters,
sRAGE and visfatin in insulin resistant/diabetic rats. PLoS
One. 2014;9:e89169.



13

14.

15.

16.

17.

18.

19.

20

21.

22.

23.

24.

25.

26.

27.

28.

Coenzyme Q10 Supplementation and Diabetic Nephropathy—Heidari et al

. Gross JL, de Azevedo MJ, Silveiro SP, Canani LH,

Caramori ML, Zelmanovitz T. Diabetic nephropathy:
diagnosis, prevention, and treatment. Diabetes Care.
2005;28:164-76.

Dunkley PR, Jarvie PE, Robinson PJ. A rapid Percoll
gradient procedure for preparation of synaptosomes. Nat
Protoc. 2008;3:1718-28.

Kozera B, Rapacz M. Reference genes in real-time PCR.
J Appl Genet. 2013;54:391-406.

Barber RD, Harmer DW, Coleman RA, Clark BJ. GAPDH
as a housekeeping gene: analysis of GAPDH mRNA
expression in a panel of 72 human tissues. Physiol
Genomics. 2005;21:389-95.

Mozdziak PE, Dibner JJ, McCoy DW. Glyceraldehyde-3-
phosphate dehydrogenase expression varies with age and
nutrition status. Nutrition. 2003;19:438-40.

Lee YJ, Cho WJ, Kim JK, Lee DC. Effects of coenzyme
Q10 on arterial stiffness, metabolic parameters, and
fatigue in obese subjects: a double-blind randomized
controlled study. J Med Food. 2011;14:386-90.

Samimi M, Zarezade Mehrizi M, Foroozanfard F, et al.
The effects of coenzyme Q10 supplementation on glucose
metabolism and lipid profiles in women with polycystic
ovary syndrome: a randomized, double-blind, placebo-
controlled trial. Clin Endocrinol (Oxf). 2017;86:560-6.

. Joven MH, Anderson RJ. Update on blood pressure

control and renal outcomes in diabetes mellitus. Curr Diab
Rep. 2015;15:613.

Lee Tl, Kao YH, Chen YC, Chen YJ. Proinflammatory
cytokine and ligands modulate cardiac peroxisome
proliferator-activated receptors. Eur J Clin Invest.
2009;39:23-30.

Schmelzer C, Kubo H, Mori M, et al. Supplementation
with the reduced form of Coenzyme Q10 decelerates
phenotypic characteristics of senescence and induces

a peroxisome proliferator-activated receptor-alpha gene
expression signature in SAMP1 mice. Mol Nutr Food Res.
2010;54:805-15.

Feige JN, Gelman L, Michalik L, Desvergne B, Wahli

W. From molecular action to physiological outputs:
peroxisome proliferator-activated receptors are nuclear
receptors at the crossroads of key cellular functions. Prog
Lipid Res. 2006;45:120-59.

Ruan X, Zheng F, Guan Y. PPARs and the kidney in
metabolic syndrome. Am J Physiol Renal Physiol.
2008;294:F1032-47.

Letavernier E, Perez J, Joye E, et al. Peroxisome
proliferator-activated receptor beta/delta exerts a strong
protection from ischemic acute renal failure. J Am Soc
Nephrol. 2005;16:2395-402.

Miglio G, Rosa AC, Rattazzi L, et al. The subtypes of
peroxisome proliferator-activated receptors expressed by
human podocytes and their role in decreasing podocyte
injury. Br J Pharmacol. 2011;162:111-25.

Hao CM, Redha R, Morrow J, Breyer MD. Peroxisome
proliferator-activated receptor delta activation promotes
cell survival following hypertonic stress. J Biol Chem.
2002;277:21341-5.

Yoneda T, Tomofuji T, Kawabata Y, et al. Application of
coenzyme Q10 for accelerating soft tissue wound healing

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

after tooth extraction in rats. Nutrients. 2014;6:5756-69.

Premkumar VG, Yuvaraj S, Vijayasarathy K, Gangadaran
SG, Sachdanandam P. Serum cytokine levels of
interleukin-1beta, -6, -8, tumour necrosis factor-alpha

and vascular endothelial growth factor in breast cancer
patients treated with tamoxifen and supplemented with co-
enzyme Q(10), riboflavin and niacin. Basic Clin Pharmacol
Toxicol. 2007;100:387-91.

Lee BJ, Tseng YF, Yen CH, Lin PT. Effects of coenzyme
Q10 supplementation (300 mg/day) on antioxidation and
anti-inflammation in coronary artery disease patients
during statins therapy: a randomized, placebo-controlled
trial. Nutr J. 2013;12:142.

Sohet FM, Neyrinck AM, Pachikian BD, et al. Coenzyme
Q10 supplementation lowers hepatic oxidative stress and
inflammation associated with diet-induced obesity in mice.
Biochem Pharmacol. 2009;78:1391-400.

Sanoobar M, Eghtesadi S, Azimi A, et al. Coenzyme Q10
supplementation ameliorates inflammatory markers in
patients with multiple sclerosis: a double blind, placebo,
controlled randomized clinical trial. Nutr Neurosci.
2015;18:169-76.

Navarro JF, Milena FJ, Mora C, Leon C, Garcia J. Renal
pro-inflammatory cytokine gene expression in diabetic
nephropathy: effect of angiotensin-converting enzyme
inhibition and pentoxifylline administration. Am J Nephrol.
2006;26:562-70.

Nakamura A, Shikata K, Hiramatsu M, et al. Serum
interleukin-18 levels are associated with nephropathy and
atherosclerosis in Japanese patients with type 2 diabetes.
Diabetes Care. 2005;28:2890-5.

Navarro JF, Milena FJ, Mora C, et al. Tumor necrosis
factor-alpha gene expression in diabetic nephropathy:
relationship with urinary albumin excretion and effect
of angiotensin-converting enzyme inhibition. Kidney Int
Suppl. 2005:598-102.

Kalantarinia K, Awad AS, Siragy HM. Urinary and renal
interstitial concentrations of TNF-alpha increase prior
to the rise in albuminuria in diabetic rats. Kidney Int.
2003;64:1208-13.

Sassy-Prigent C, Heudes D, Mandet C, et al. Early
glomerular macrophage recruitment in streptozotocin-
induced diabetic rats. Diabetes. 2000;49:466-75.

Takashiba S, Van Dyke TE, Shapira L, Amar S.
Lipopolysaccharide-inducible and salicylate-sensitive
nuclear factor(s) on human tumor necrosis factor alpha
promoter. Infect Immun. 1995;63:1529-34.

Correspondence to:

Zatollah Asemi

Research Center for Biochemistry and Nutrition in Metabolic
Diseases, Kashan University of Medical Sciences, Kashan, Iran
Tel: +98 31 5546 3378

Fax: +98 31 5546 3377

E-mail: asemi_r@yahoo.com

Received February 2017
Revised March 2017
Accepted April 2017

21



