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Abstract
Background: Persistent chronic hyperglycemia is an im-
portant player in the development and progression of diabe-
tic nephropathy (DN) due to generation of oxidative stress 
(OS) which is at the center in the pathophysiology of DN 
and underlying kidney damage. The present study was ai-
med to evaluate the effect of antioxidants like Co-enzyme 
Q10 (CoQ10) and N-acetylcysteine (NAC) either alone or 
in combination in streptozotocin (STZ) induced diabetic ne-
phropathy (DN) in rats.

Methods: Type-1 diabetes mellitus (T1DM) was induced 
in male Sprague-Dawley rats by intraperitoneal (i.p.) admi-
nistration of 55 mg/kg STZ. DN was confirmed by asses-
sment of renal function tests. Blood glucose level, glycated 
hemoglobin (HbA1c), serum and urinary total protein, albu-
min, creatinine, urea, blood urea nitrogen (BUN) and uric 
acid were determined. Markers of oxidative stress including 
superoxide dismutase (SOD), catalase (CAT), malondial-
dehyde (MDA), glutathione (GSH), myeloperoxidase (MPO) 
and nitrite content in renal homogenate were measured. Hi-
stopathological evaluation of kidney was carried to assess 
renal damage. The rats were treated with CoQ10 (10 mg/
kg, p.o.) alone or in combination with NAC (300 mg/kg, p.o.) 
for 8 weeks after confirmation of DN.

Results: Renal function of diabetic rats was significantly im-
paired as indicated by renal function tests than control rats. 
Renal damage caused due to STZ was identified by means 
of increased MDA, depleted SOD and CAT activities and 
reduced GSH. MPO activity and nitrite content in rats with 
DN increased significantly. Treatment with CoQ10 or NAC 
and their combined treatment improved STZ induced renal 
damage as reflected by reduced oxidative stress. Also, the 
combined treatment protected renal structural damage as 
seen in histopathological assessment.

Conclusion: The present research suggests that oxidative 
stress due to persistent hyperglycemia causes development 
and progression of DN whereas combined administration 
of antioxidants used in the current investigation i.e. CoQ10 
and NAC has better renoprotective effect by attenuation of 
DN than coenzyme Q10 or NAC alone.
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Introduction
Diabetes mellitus (DM) is a metabolic disorders cha-

racterized chronic hyperglycemia due to either reduced 
glucose import and uptake resulting from decrease in 
circulating levels of insulin i.e. insulin deficiency or de-
creased tissue sensitivity to it leading insulin resistance 
or combination of both deficiency and resistance. DM 
is categorized as type 1 (T1DM) and type 2 DM (T2DM) 
[1]. Both the forms of DM possess a strong genetic com-
ponent in addition to the acquired pathogenic causes.

Type 1 DM which occurs due to autoimmune de-
struction of pancreatic β-cells or absolute deficiency 
of insulin is also known as insulin dependent diabetes 
mellitus (IDDM). There is considerable evidence indi-
cating that the chronic hyperglycemia causes many of 
the chronic complications of DM. There are several ma-
crovascular complications like coronary artery, cerebro-
vascular and peripheral vascular disease arising due to 
damaged blood vessels. The primary microvascular ma-
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nifestations of DM include diabetic nephropathy (DN), 
diabetic neuropathy and diabetic retinopathy [2,3].

DN is a leading reason for chronic kidney disease 
(CKD) and end-stage renal disease (ESRD). It is traditio-
nally defined as a glomerular disease inclusive of five 
distinct stages: Glomerular hyperfiltration, incipient 
nephropathy, microalbuminuria, overt proteinuria and 
end-stage renal disease [4]. It is a progressive and irre-
versible loss of renal function characterized by initial 
hyperfiltration, albuminuria, glomerular mesangium 
expansion, accumulation of extracellular matrix, inter-
stitial fibrosis, thickening of basement membranes and 
renal cell damage. This means, DN leads to structural 
changes and functional abnormalities in the kidneys [5].

Hyperglycemia is the key player in the develop-
ment of DN. Recent clinical studies have shown that 
persistent hyperglycemia in DM can induce oxidative 
stress through diverse mechanisms including glucose 
auto-oxidation, protein glycation through non-enzyma-
tic means, polyol pathway activation and acceleration, 
and reduced antioxidant defense system. Hyperglyce-
mia may act through PKC activation, acceleration of the 
polyol pathway, production of reactive oxygen species 
(ROS) and over-expression of transforming growth fac-
tor-β (TGF-β) [6].

The normal kidney due to its high metabolic activity 
is capable of generating a considerable oxidative stress 
that is balanced by an extensive antioxidant system. 
Accumulating research showed that the significant con-
tributor to the diabetic complications is chronic hyper-
glycemia that shifts this balance to a pro-oxidant state 
leading to tissue damage and vascular injury [7]. It is 
shown that almost all pathways contributing to the DN 
induce oxidative stress by one or other mechanism.

Presently, the therapies used in the treatment of DN 
have not been fully efficacious due the diverse etiolo-
gies in the development of DN. This results in difficulty 
in selecting best possible treatment strategy and thera-
peutic agent. Therefore effective and new therapeutic 
approaches than available are needed in the treatment 
of DN. Many studies reported that therapies with an-
tioxidant have a beneficial effect on DN [8].

Coenzyme Q10 (ubiquinone, CoQ10), is an endo-
genous fat-soluble vitamin like substance serving as 
natural antioxidant. It acts as a principal player of the 
electron transport chain (ETC) of the mitochondria re-
sponsible for synthesis of ATP [9]. Apart from the pro-
ved pharmacological actions of CoQ10 like its antihyper-
tensive action, it is a powerful antioxidant with the po-
tential to scavenge free radical thereby protecting the 
cells from oxidative stress [9,10]. Studies also showed 
the effectiveness of CoQ10 on glycemic control with re-
duced HbA1c levels. It is said to have protective effect on 
β cells by virtue of its antioxidant potential [11].

N-acetylcysteine (NAC) is a cysteine and glutathio-

ne precursor in mammals that serves as powerful an-
tioxidant. It also shows protective action on the β-cells. 
NAC administration decreases hyperglycemia with the 
improvement in the glucose intolerance associated 
with the glucose-induced insulin secretion [12]. NAC is 
also found beneficial in attenuating renal injury by pro-
tecting renal structure by decreasing the apoptosis due 
to ROS. NAC is proved advantageous in patients with DN 
as it acts through dual way by reducing both hyperglyce-
mia and renal oxidative stress [12-14].

Therefore, an effort was taken to study the effect 
of antioxidants like CoQ10 and NAC in renoprotection 
against experimentally induced DN. Hence, the present 
study was aimed to investigate the renoprotective ef-
fect of CoQ10 alone and in combination with NAC in 
streptozotocin (STZ) induced DN.

Materials and Methods

Drugs and chemicals
Coenzyme Q10, as a gift sample was obtained from 

Zydus Cadila, Ahmedabad, India. N-acetylcysteine was 
procured from Loba Chemie (Mumbai, India). STZ was 
purchased from Sigma (USA). Spectrophotometric kits 
for assessment of superoxide dismutase (SOD), malon-
dialdehyde (MDA), reduced glutathione (GSH), catalase 
(CAT), myeloperoxidase (MPO) and nitric oxide (NO) 
were purchased from Elabscience Biotechnology Inc., 
USA. All other Biochemical kits for estimation of total 
protein, albumin, creatinine, urea, BUN and uric acid, 
used in the study were procured from SPAN Diagnostics, 
India. All other chemicals and reagents used in the study 
were of analytical grade.

Experimental animals
Study was conducted using adult male Sprague-Daw-

ley rats (8-weeks-old, weighing 220-250 g). Animals 
were procured from the National Institute of Bioscien-
ce, Pune and housed under standard conditions in 
polypropylene cages. Rats were housed in a controlled 
environment of temperature (18-22 °C) and light (12-hr 
light/dark cycle, lights on 07:00-19:00). All animals were 
given ad libitum access to standard food and water and 
were acclimated for 1 week prior to the beginning of the 
study. All the procedures which applied to rats in this 
work were performed in accordance with ethical guide-
lines on the care and use of animals issued by Commit-
tee for the Purpose of Control and Supervision of Expe-
riments on Animals (CPCSEA). The protocol of the study 
was approved by Institutional Animal Ethics Committee 
(IAEC).

Induction of diabetic nephropathy
T1DM was induced in overnight fasted 40 adult male 

Sprague-Dawley rats (220-250 g). The rats received 55 
mg/kg streptozotocin as a single intraperitoneal (i.p.) 
injection. STZ was administered immediately after dis-
solving it in freshly prepared cold citrate buffer, (pH 
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of tight Teflon pestle of glass homogenizer at a speed 
of 10,000 × g at 0 °C using the Remi cooling centrifuge. 
A clear supernatant thus obtained was used for measu-
rements of SOD (E-BC-K022), CAT (E-BC-K031), GSH (E- 
BC- K051), MDA (E- BC-K025), MPO (E-BC-K074) and NO 
(E-BC-K035).

Histopathology
Kidney tissues thus obtained from different treat-

ment groups were dissected, washed immediately using 
saline. 10% phosphate buffered formalin was used to fix 
the tissue. Kidney specimens were embedded in paraf-
fin before cut into 5 µm-thick sections. The cut sections 
were stained with hematoxylin and eosin (H&E and 
examined under the light microscope (Motic DMWB-1 
Professional B3 Series, China). The observations were 
recorded for the presence of histopathological changes 
in the kidney and photomicrographs were taken.

Statistical analysis
All the data are expressed as mean ± SEM. Statistical 

significance was tested using one-way ANOVA followed 
by the Tukey’s multiple comparisons test as appropriate 
using Prism, GraphPad version 5, GraphPad Software, 
Inc. The significance was set at p < 0.05 for all tests.

Results

Effects of CoQ10 and/or NAC treatment on body 
weight

There were significant differences in the body weight 
when all groups were compared (P < 0.05) (Table 1). In 
rats of control group, there is a significant (P < 0.05) in-
crease in body weight at the twelfth week. On the other 
hand, diabetic rats showed a significant decrease (P < 
0.05) in body weight at the same period. The treatment 
with CoQ10 or NAC and CoQ10 + NAC showed reduced 
weight loss as compared with diabetic rats received STZ. 
Also there is a significance effect of combined treatment 
of CoQ10 and NAC in diabetic animals than rats treated 
with either CoQ10 or NAC alone (Table 1).

Effects of CoQ10 and/or NAC treatment on kidney 
to body weight ratio

STZ induced diabetic rats showed a significant (P < 
0.05) increase in kidney to body weight ratio as compa-
red to rats in control group. Administration of CoQ10 
(10 mg/kg, p.o.), NAC (300 mg/kg, p.o) and the combi-
nation of CoQ10 and NAC after induction of DN to the 
diabetic rats for eight weeks prevented kidney hyper-
trophy significantly (P < 0.05) as indicated by increased 
kidney to body weight ratio (Table 1).

Effect of administration of CoQ10, NAC alone or 
their combination on blood glucose level and Hb A1C

As shown in Table 2, after 72 h of STZ injection, si-
gnificant rise in blood glucose level was observed in all 

4.5). Hyperglycemia was assessed at 72 h and then on 
day 7 post-STZ injection by determination of blood glu-
cose using glucometer (AlereG1, Korea) in samples ga-
thered from the end part of tails. Animals with blood 
glucose level greater than 280 mg/dL were considered 
as diabetic and included in the DN studies.

Experimental design
Rats were randomly divided into five groups each 

consisting six animals.

Group I: Normal control rats.

Group II: Diabetic control rats.

Group III: Diabetic rats treated with 10 mg/kg CoQ10 
suspended in 1% aqueous solution of Tween 80, p.o. 
[11,15].

Group IV: Diabetic rats treated with NAC dissolved in 
distilled water (300 mg/kg, p.o) [16,17].

Group V: Diabetic rats treated with a combination of 
CoQ10 (10 mg/kg) and NAC (300 mg/kg).

Treatments of Diabetic animals were started 4 we-
eks after injection of STZ. All the treatments were given 
daily to the respective group of animals for 8 weeks.

At the end of the protocol (12 weeks), and Twen-
ty-four hours after the last antioxidant dose, animals 
were placed individually in metabolic cages for 24-hour 
urine collection. The urine samples were centrifuged and 
stored in amber colored vials. After that, animals were 
anesthetized for blood collection via retro orbital plexus. 
Blood samples thus obtained were stored in commer-
cially available tubes with or without ethylene diamine 
tetra-acetic acid (EDTA). Serum was separated using 
standard protocol. Both serum and urine samples utili-
zed for biochemical estimations were stored at -20 °C.

HbA1C was estimated using whole blood. Total pro-
tein, albumin, creatinine, urea, and uric acid were esti-
mated from serum and urine samples using standard 
diagnostic kits with the help of Prietest Touch Bioche-
mistry Analyser, Robonik India Pvt Ltd. (Mumbai, India).

At the end, rats were sacrificed and the kidneys were 
excised. Right kidney was removed and prepared for 
histological sections stained with hematoxylin-eosin. 
Another kidney was used and processed for estimation 
of antioxidant enzymes.

Estimation of biomarkers of oxidative stress
Kidney was removed and kept on petriplate in ice-

cold conditions. The tissues were chopped using sur-
gical scalpel into fine slices in chilled 0.25 M sucrose, 
quickly blotted on filter paper. They were minced and 
homogenized in either 10 mM Tris-HCl buffer, pH 7.4 or 
normal saline or phosphate buffered saline (PBS). A 10% 
w/v tissue homogenate was prepared as per the proto-
col supplied with respective antioxidant enzyme assay 
kit. Tissue homogenate was prepared with 25 strokes 
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The levels of HbA1C (Table 2) were significantly (P 
< 0.05) increased in STZ treated rats, as compared to 
normal control rats. CoQ10 (10 mg/kg) treated group 
showed significant decrease in HbA1C when compared 
to diabetic control rats. Also NAC when administered at 
dose of 300 mg/kg for 8 weeks significantly attenuated 
glycated hemoglobin concentration as compared to the 
STZ treated diabetic rats. Animals in the group receiving 
both CoQ10 and NAC showed significant reduction of 
HbA1C levels in comparison to the diabetic rats receiving 
either CoQ10 or NAC alone (Table 2).

Effect of Coenzyme Q10, NAC or Combination of 
on serum total protein, albumin, creatinine, and 
creatinine clearance

8 weeks post STZ injection showed a marked re-
duction in renal function characterized by significant (p 
< 0.005) decrease in serum parameters like total pro-
tein, albumin and creatinine clearance (Table 3). On the 
other hand the serum concentration of creatinine incre-

the animals at week 0 when compared to the control 
animals. This hyperglycemia became persistent in dia-
betic rats till the end of 12th Week compared to control 
rats. CoQ10 (10 mg/kg, p.o.) treatment from 5th to 12th 
week showed significant reduction in blood glucose (P < 
0.05) in comparison to the diabetic animals. Also there 
was significant (P < 0.05) difference in blood glucose at 
week 0 and week 12 in animals receiving CoQ10 alone. 
NAC at dose of 300 mg/kg, p.o. showed significant (P < 
0.05) restriction of hyperglycemia as compared to ani-
mals with diabetes but failed to reduce elevated blood 
glucose levels when compared to results obtained with 
animals from NAC treated group at week 0 (Table 2). 
Combination of CoQ10 and NAC showed significant (P < 
0.05) attenuation of hyperglycemia as compared to all 
other diabetic groups with or without treatment inclu-
ded in the study. Also there was significant (P < 0.05) 
difference in blood glucose at week 0 and week 12 after 
treatment of diabetic animals with the combination of 
CoQ10 and NAC.

Table 1: Effect of coenzyme Q10, NAC or combination of both on body weight and kidney to body weight ratio (mg/g).

Groups Body weight Kidney to Body Weight Ratio (mg/g)
Initial at Week 0 Final at Week 12

Control 242.3 ± 0.919 351.7 ± 2.093* 3.807 ± 0.041

STZ DN 247.2 ± 1.796 210.7 ± 2.906a* 10.45 ± 0.069a

CoQ10 (10 mg/kg) 249.0 ± 1.125 231.8 ± 0.749ab* 6.800 ± 0.131ab

NAC (300 mg/kg) 249.0 ± 1.751 227.0 ± 1.983ab* 7.098 ± 0.202ab

CoQ10 + NAC 246.2 ± 1.905 251.8 ± 1.642abcd* 6.025 ± 0.174abcd

Values are expressed as mean ± SEM; n = 6; a: P < 0.001 as compared to normal control group; b: P < 0.001 as compared to 
diabetic control group; c: P < 0.001 as compared to diabetic CoQ10 alone treated group; d: P < 0.001 as compared to diabetic 
NAC alone treated group; *P < 0.05 compared with the same group at 0 week.

Table 2: Effect of CoQ10, NAC or their combination on blood glucose level (mg/dL) and Hb A1C.

Groups Blood Glucose (mg/dL) Hb A1C, %
Initial at Week 0 Final at Week 12

Control 91.83 ± 2.937 91.0 ± 3.13 4.73 ± 0.084

STZ DN 493.5 ± 6.722a 525.5 ± 13.75a 12.73 ± 0.434a

CoQ10 (10 mg/kg) 489.0 ± 12.25a 427.7 ± 11.81ab* 8.35 ± 0.345ab

NAC (300 mg/kg) 485.3 ± 11.06a 446.5 ± 12.92ab 8.96 ± 0.332ab

CoQ10 + NAC 483.2 ± 14.30a 379.3 ± 10.44abcd* 6.95 ± 0.266abcd

Values are expressed as mean ± SEM; n = 6; a: P < 0.001 as compared to normal control group; b: P < 0.001 as compared to 
diabetic control group; c: P < 0.001 as compared to diabetic CoQ10 alone treated group; d: P < 0.001 as compared to diabetic 
NAC alone treated group; *P < 0.05 compared with the same group at 0 week.

Table 3: Effect of CoQ10, NAC or their combination on serum total protein, albumin, creatinine and creatinine clearance.

Groups Total Protein (g/dL) Albumin (g/dL) Creatinine (mg/dL) Creatinine clearance (mL/min)
Control 7.55 ± 0.071 3.65 ± 0.042 0.426 ± 0.032 1.134 ± 0.088

STZ DN 4.83 ± 0.152a 1.55 ± 0.154a 2.96 ± 0.091a 0.238 ± 0.017ab

CoQ10 (10 mg/kg) 6.25 ± 0.152ab 2.46 ± 0.055ab 1.002 ± 0.050ab 0.615 ± 0.038ab

NAC (300 mg/kg) 6.13 ± 0.269ab 2.61 ± 0.094ab 1.06 ± 0.046ab 0.564 ± 0.052ab

CoQ10 + NAC 6.78 ± 0.119abd 2.96 ± 0.071abc 0.78 ± 0.036abcd 0.869 ± 0.083abcd

Values are expressed as mean ± SEM; n = 6; a: P < 0.001 as compared to normal control group; b: P < 0.001 as compared to 
diabetic control group; c: P < 0.001 as compared to diabetic CoQ10 alone treated group; d: P < 0.001 as compared to diabetic 
NAC alone treated group.

https://doi.org/10.23937/2377-3634/1410123


ISSN: 2377-3634DOI: 10.23937/2377-3634/1410123

Mahajan et al. Int J Diabetes Clin Res 2020, 7:123 • Page 5 of 12 •

reducing serum urea, BUN and uric acid levels than rats 
receiving CoQ10 or NAC alone.

Effect of CoQ10, NAC or combination of both on 
urine volume, urinary protein and albumin excre-
tion

24 h urine volume (mL) of rats received STZ was si-
gnificantly (p < 0.05) increased as compared to the nor-
mal control rats. Diabetic rats treated with CoQ10, NAC 
or their combination, a significant (p < 0.05) reduction 
in urine volume was observed as compared to diabetic 
control rats without any treatment (Figure 2A).

At 12th week post STZ injection, a significant (p < 0.05) 
increase in urinary protein of diabetic rats was observed 
as compared to normal control rats. The treatment of 
diabetic animals with CoQ10, NAC or their combination 
resulted in a significant (p < 0.05) reduction in urinary 
protein when compared to diabetic control rats (Figure 
2B).

Urinary albumin excretion rate (UAER) of diabetic 
rats was significantly increased due to renal impairment 
in comparison to the control rats at 12th week. The tre-
atment of diabetic animals after fourth week to twelfth 

ased as compared to normal control rats indicating the 
impairment of renal function due to single i.p injection 
of STZ. Treatment of diabetic rats with either CoQ10, 
NAC or combined administration of both resulted in re-
storation of total protein and albumin along with impro-
ved creatinine clearance (Table 3). Also the serum crea-
tinine, levels were reduced significantly as compared to 
diabetic control rats.

The combination of CoQ10 and NAC showed more 
beneficial effect in reducing serum creatinine concen-
trations than that of diabetic animals receiving CoQ10 
or NAC alone.

Effect of coenzyme Q10, NAC or combination of 
both on serum urea, BUN and uric acid

Animals treated with CoQ10 (10 mg/kg, p.o), NAC 
(300 mg/kg, p.o.) or CoQ10 + NAC showed a significant 
(p < 0.05) reduction in urea (Figure 1A) and BUN (Figure 
1B) levels as compared to diabetic control rats. Treat-
ment with CoQ10, NAC or their combination resulted in 
significant (p < 0.05) reduction in serum uric acid (Figure 
1C) in comparison to diabetic control rats. It was also 
observed that, CoQ10 and NAC when given in combina-
tion to diabetic rats resulted in more beneficial effect in 

A

0

20

40

60

80

100

Control
STZ DN
CoQ10
NAC
CoQ10+NAC

a

ab ab
abcd

Groups

Se
ru

m
 U

re
a 

(m
g/

dL
)

 

B

0

10

20

30

40

50
Control
STZ DN
CoQ10
NAC
CoQ10+NAC

a

ab ab
abd

Groups

B
U

N
 (

m
g/

dL
)

C

0

1

2

3

4

5
Control
STZ DN
CoQ10
NAC
CoQ10+NAC

a

ab ab

bcd

Groups

Se
ru

m
 U

ri
c 

ac
id

 (
m

g/
dL

)

 
Figure 1: Effect of Coenzyme Q10, NAC or Combination of both on A) Serum urea, B) BUN and C) Uric acid.
Values are expressed as mean ± SEM; n = 6; a: P < 0.001 as compared to normal control group; b: P < 0.001 as compared 
to diabetic control group; c: P < 0.001 as compared to diabetic CoQ10 alone treated group; d: P < 0.001 as compared to 
diabetic NAC alone treated group.

https://doi.org/10.23937/2377-3634/1410123


ISSN: 2377-3634DOI: 10.23937/2377-3634/1410123

Mahajan et al. Int J Diabetes Clin Res 2020, 7:123 • Page 6 of 12 •

tion in the renal tissue (Figure 3B and Figure 3C).

There was a significant reduction in reduced glu-
tathione (GSH) in diabetic untreated group as compa-
red to control group, administration of CoQ10, NAC or 
CoQ10 + NAC (10 and 300 mg/kg respectively) to the 
diabetic animals caused significant increase in the GSH 
level (Figure 3D).

Effect of CoQ10, NAC or their combination of both 
on myeloperoxidase (MPO) activity and NO in re-
nal tissue

There was a significant increase in the renal MPO 
(U/g tissue) concentration at twelfth week in diabetic 
rats received STZ. 8 week treatment of diabetic rats with 
CoQ10, NAC alone or with their combination (CoQ10 + 
NAC) reduced the MPO activity as compared to the dia-
betic untreated rats. More advantageous observations 
were recorded in renal MPO levels when CoQ10 and 
NAC were given concomitantly to the diabetic rats than 
that of CoQ10 or NAC administered alone (Figure 3E).

Nitrite content was significantly (p < 0.05) increased 
in renal tissue of diabetic rats as compared to control 
group. Administration of CoQ10 or NAC alone to dia-
betic animals showed significant (p < 0.05) decrease in 
renal nitrite content as compared to diabetic untreated 
group. Group receiving CoQ10 + NAC showed more be-

week with CoQ10, NAC or their combination resulted in 
a significant (p < 0.05) reduction in UAER when compa-
red to diabetic control rats (Figure 2C).

It was also observed that, CoQ10 and NAC when gi-
ven in combination to diabetic rats resulted in more be-
neficial effect as indicated by marked reduction UAER 
µg/min (Figure 2C).

Effect of CoQ10, NAC or CoQ10 + NAC on renal oxi-
dative stress and anti-oxidant markers

The marker of lipid peroxidation, malondialdehyde 
(MDA) was a significantly (p < 0.05) increased in diabetic 
rats received injection of STZ. Diabetic animals receiving 
antioxidants CoQ10 (10 mg/kg, p.o.) and NAC (300 mg/
kg, p.o.) showed reduced MDA levels significantly than 
untreated diabetic rats. The rats in the group treated 
with combination of CoQ10 and NAC for 8 weeks after 
induction of DN showed more beneficial effects in redu-
cing levels of MDA in renal tissue (Figure 3A).

It was also evident that, the concentration of SOD (U/
mg Protein) and CAT (U/mg Protein) in renal homogena-
te of diabetic rats was significantly decreased indicating 
elevated oxidative stress in the animals of this group. 
The treatment with CoQ10, NAC or their combination 
(CoQ10 + NAC) ameliorated oxidative stress as indicated 
by significant elevation in the SOD and CAT concentra-
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Figure 2: Effect of CoQ10, NAC or combination of both on A) Urine volume (mL/Day), B) Urinary proteins (mg/dL) and C) 
UAER (µg/min).
Values are expressed as mean ± SEM; n = 6; a: P < 0.001 as compared to normal control group; b: P < 0.001 as compared 
to diabetic control group; c: P < 0.001 as compared to diabetic CoQ10 alone treated group; d: P < 0.001 as compared to 
diabetic NAC alone treated group.
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STZ treated diabetic kidney showed glomerulosclerosis, 
thickened glomerular basement membrane and tubular 
degeneration and vacuolization. Renal tissue section of 
diabetic rats treated with CoQ10 or NAC showed impro-
ved histological feature with moderate alterations in 
glomerular and tubular appearance (Figure 4).

Interestingly, the treatment of diabetic rats with 
combination of CoQ10 and NAC showed renal histologi-
cal appearance with very mild changes in morphology of 
glomerular basement membrane and tubular swelling 
(Figure 4).

neficial effects on nitrite content in comparison to the 
diabetic rats treated with CoQ10 or NAC alone (Figure 
3F).

Effect of Co10, NAC or CoQ10 + NAC on histopa-
thological changes of the kidney

Renal tissues from all the five groups included in the 
study were stained by hematoxylin and eiosin. Light 
microscopic examination revealed normal histopatho-
logical appearance in the kidney specimen from con-
trol group in terms of glomerular basement membrane 
thickness and tubular degeneration. On the contrary, 
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Figure 3: Effect of CoQ10, NAC or combination of both on renal oxidative stress and anti-oxidant markers in renal homogenate 
A) MDA, B) SOD, C) CAT, D) GSH, E) MPO and F) NO.
Values are expressed as mean ± SEM; n = 6; a: P < 0.001 as compared to normal control group; b: P < 0.001 as compared 
to diabetic control group; c: P < 0.001 as compared to diabetic CoQ10 alone treated group; d: P < 0.001 as compared to 
diabetic NAC alone treated group.
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Figure 4: Photomicrographs of renal tissues from rats (Hematoxylin and Eosin staining) A) Control group, B) Diabetic group, 
C) Coenzyme Q10, D) NAC and E) CoQ10 + NAC
A) Section of the kidney showing the normal appearance of the glomerulus (G, blue arrow) and renal tubules (curved arrow) 
in control rats; B) Representative sections of the diabetic rat kidney with most of the glomeruli (G) degenerated with wide 
urinary space (black star) indiacating increased glomerular basement membrane thickness. Tubular epithelial cells show 
vacuolar degeneration (black arrow) and sings of focal necrosis; C) Renal histology of STZ diabetic rat treated with CoQ10 
with fewer glomeruli with degeneration (black star), vacuolar degeneration in some tubular epithelial cells (Black arrow); D) 
Kidney section from diabetic rat treated with NAC with some glomerular degeneration (black star), vacuolar degeneration 
in some tubular epithelial cells (Black arrow); E) Renal histology of diabetic rat treated with combination of CoQ10 + NAC 
showing normal appearance of the glomerulus (G) with fewer glomeruli with lobulation. Tubular epithelial cells appear normal 
with less degree of vacuolization.
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weight of diabetic rats. This decrease may be related to 
degradation of structural proteins contributing to body 
weight. In STZ induced experimental DM, loss of body 
weight is associated with excessive breakdown of tissue 
proteins and increased muscle degeneration. Also, in-
sulin absence leads to reduced protein synthesis with 
low serum total protein levels in diabetic animals [20]. 
Treatment of diabetic animals with CoQ10, NAC or their 
combination improved the body weight in diabetic rats 
in comparison to the rats received STZ.

The kidney weight/body weight ratio was significant-
ly increased in the diabetic rats in comparison to control 
group. It is previously shown that renal structural chan-
ges such as glomerular basement membrane thickening 
and mesangial matrix expansion due to persistent hyper-
glycemia probably contributed to the increased kidney 
weights. It has been described that kidney hypertrophy 
leads to increased kidney weight in DM due to glucose 
over-utilization, glycogen accumulation, lipogenesis and 
protein synthesis in the renal tissue [21,22]. Treatment 
of diabetic rats with CoQ10, NAC or their combination 
successfully prevented the kidney enlargement.

Hyperglycemia due to diabetes is at center in the de-
velopment and progression of nephropatia deabetica or 
Kimmelstiel-Wilson syndrome i.e. DN [23]. In this stu-
dy, diabetic rats showed increased blood glucose level 
throughout the study period i.e. from week 0 to week 
12. Also, HbA1c was elevated in all diabetic animals. Dia-
betic rats receiving CoQ10, NAC or their combination 
from 5th to 12th week showed pronounced reduction in 
elevated blood glucose and glycated hemoglobin.

It is reported that, a decrease in total protein and 
albumin due to their excessive excretion via urine, play 
a role in the pathogenesis of DN [24]. Administration of 
the CoQ10, NAC or their combination resulted in resto-
ration of total protein and albumin by preventing their 
renal loss. The combination of CoQ10 and NAC showed 
more beneficial effects in preventing loss of serum total 
proteins and albumin in comparison to diabetic animals 
receiving either CoQ10 or NAC alone.

Increased serum creatinine (SCr) concentration and 
creatinine clearance (Ccr) are the most common cha-
racteristics in the development of DN [25]. The results 
of the study presented here demonstrate that rats with 
DN showed significant increases in the SCr, and reduced 
CCr as compared with control rats, indicative of decli-
ned renal function. However, treatment with CoQ10, 
NAC or their combination positively affected these para-
meters, especially in the group received the combined 
treatment with CoQ10 and NAC.

Serum urea, BUN and uric acid levels are considered 
as markers of renal function test significantly increa-
sed in diabetic animals in comparison with the control 
group. This increase can be suggested to be due to de-
teriorated excretory and regulatory renal function to 

Discussion
Diabetic nephropathy (DN) is rapidly becoming the 

major cause of end-stage renal disease (ESRD) worldwi-
de. It is considered that the principal player of all diabetic 
complications including DN is persistent hyperglycemia. 
Also, this chronically elevated blood glucose level is the 
single most important factor in the generation of early 
and sustained oxidative stress (OS) during DM. OS along 
with chronic hyperglycemia plays an important role in 
the pathogenesis of glomerular and tubular functional 
and structural abnormalities, even before the onset of 
microalbuminuria. During DM, chronic hyperglycemia is 
shown to induce OS through diverse mechanisms inclu-
ding glucose auto-oxidation, protein glycation through 
non-enzymatic means, polyol pathway activation and 
acceleration, and reduced antioxidant defense system 
[8]. It is also evident that elevated blood glucose lead 
to the formation of AGEs and the mitochondrial pro-
duction of free radicals and consequently, to cell death 
and renal dysfunction. Thus, oxidative stress plays a cru-
cial role in the development of DN.

Therefore, one of the different approaches to over-
come DM and its complications is through use of variety 
of antioxidant molecules which are found to be effective 
in alleviating diabetic complications including nephro-
pathy. These agents not only capable of scavenging the 
free radicals activity, some antioxidants are shown of 
modulate various signaling pathways and restoring the 
normal renal function. Also T1DM, which is associated 
with autoimmunity, is showed to generate OS by many 
different mechanisms. Currently, many antioxidants 
with an ability to overcome autoimmune disease, inhi-
bit inflammatory process and scavenge free radicals are 
available. These agents are proved advantageous in dia-
betes induced complications especially DN. Antioxidan-
ts such as vitamin E, vitamin C, coenzyme Q10, N-acetyl-
cysteine, alpha-lipoic acid, taurine and many others pro-
tect the cells against oxidative stress [18,19]. Therefore, 
the use of antioxidants as a complementary therapy is 
useful in oxidative stress-related diseases including DN.

The present investigation demonstrates the reno-
protective potential of antioxidants coenzyme Q10 and 
N-acetylcysteine when given alone and in combination 
against streptozotocin induced diabetic nephropathy in 
rats.

In the present study, renal function of diabetic rats 
was significantly impaired as indicated by renal function 
tests than control rats. Renal damage caused due to STZ 
was identified by means of increased MDA, depleted 
SOD and CAT activities and reduced GSH. MPO activi-
ty and nitrite content in rats with DN increased signifi-
cantly. Treatment with CoQ10 or NAC and their combi-
ned treatment improved STZ induced renal damage as 
reflected by reduced oxidative stress.

Present study showed significant reduction in body 

https://doi.org/10.23937/2377-3634/1410123


ISSN: 2377-3634DOI: 10.23937/2377-3634/1410123

Mahajan et al. Int J Diabetes Clin Res 2020, 7:123 • Page 10 of 12 •

tective effects against OS induced renal damage in DM 
[27,33].

Results in the present study showed an increase in 
the OS after STZ induced DN as indicated by elevated 
MDA and reduced SOD, CAT, and GSH levels. There were 
significant reduction in lipid peroxidation and an increa-
se in SOD, CAT, and GSH levels after the treatment with 
CoQ10, NAC or combination of both. Combined effect of 
both the antioxidants (CoQ10 + NAC) has shown more 
beneficial effect in altering MDA, SOD, CAT and GSH le-
vels than when administered alone.

There exists the relationship between myeloperoxi-
dase (MPO) levels and DM with a positive correlation 
between elevated MPO levels and development of DN 
[34]. In present study, there was a significant decrease 
in renal MPO level in CoQ10 and NAC alone treated rats. 
Moreover, CoQ10 in combination with NAC showed 
more significant decrease in renal MPO levels than the 
groups received treatment either with CoQ10 or NAC 
alone. On the contrary, a better renoprotective effect 
showed by significant reduction of MPO levels in renal 
tissue when CoQ10 and NAC combination therapy is gi-
ven to rats with DN.

Modulation of renal structure and function in diabe-
tes is associated with abnormal nitric oxide (NO) synthe-
sis. Accumulating research showed that levels of nitrite, 
an oxidized end product of NO, which might be attribu-
ted to the formation of peroxynitrite by reaction of NO 
with generated superoxide radicals [35,36]. In the pre-
sent study, diabetic rats showed a significant increase 
in tissue nitrite content as compared to normal control 
rats. Whereas renal nitrite levels found to be restored 
in animals treated with CoQ10 or NAC or CoQ10 + NAC.

Conclusion
The finding of the current study showed that the 

treatment with a natural antioxidant coenzyme Q10 
or N-acetylcysteine possess significant renoprotective 
effect against streptozotocin induced DN. Conversely, 
combined administration of CoQ10 and NAC showed a 
more beneficial and renoprotective effect than coenzy-
me Q10 or NAC alone which may be attributed to im-
proved renal function along with reduction in oxidative 
stress as indicated by amelioration of lipid peroxidation 
and suppressed MPO activity in addition to nitrite con-
tent in renal tissue. Finally, it was concluded that com-
bined administration of coenzyme Q10 with N- acetylcy-
steine might attenuate or delay the progression of DN.
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maintain a constant homeostasis of these parameters. 8 
week treatment with CoQ10 and NAC or their concomi-
tant administration significantly decreased serum urea, 
BUN and uric acid level in diabetic animals in compari-
son with the untreated diabetic animals. Several studies 
showed that natural antioxidants such as selenium, vi-
tamin E, vitamin C [26], alpha-lipoic acid [18], coenzyme 
Q10 and rosmarinic acid decrease serum urea and crea-
tinine in diabetic rats [27].

Along with chronic hyperglycaemia, polyuria is 
another feature of DM due to osmotic diuresis. The in-
creased urine volume (24 h) observed in this study was 
in accordance with osmotic diuresis associated with 
glucosuria. Also, there is significant increase in the uri-
nary total proteins and urinary albumin excretion rate 
(UAER) indicating severe renal impairment. Reduced 
serum albumin increased UAER in diabetic complica-
tions have been associated with faster kidney disease 
progression. Previous studies showed that, DM induced 
renal dysfunction lead to gradual loss of serum albumin 
as a result of loss of negatively charged glycosamino-
glycans in the cellular basement membrane and the 
subsequent enlargement of basement membrane pore 
size, thus leading to albuminuria [28,29]. Combined tre-
atment with CoQ10 and NAC showed more beneficial 
effects in reducing urinary loss of plasma proteins along 
with reduction in UAER in diabetic animals.

Recent preclinical and clinical studies have shown 
that CoQ10 has a beneficial effect in decreasing the ele-
vated HbA1C, urea, and creatinine in diabetes [27,30,31]. 
Also, studies with NAC revealed its potential in attenua-
ting renal injury induced by DM along with reduction in 
urinary protein and urinary thiobarbituric acid reactive 
substances [14,16].

OS is considered as an important factor in develop-
ment of DN and underlying kidney damage. In Diabetic 
state, OS is induced due to disturbance in the normal 
antioxidant defense and increased free-radical forma-
tion which further initiates multiple downstream si-
gnaling mechanisms that interfere with normal renal 
structural and functional features. It has been showed 
by various independent research groups that there is 
improvement in the renal physiology in DN after an-
tioxidants treatment that act directly against oxidative 
tissue damage. Moreover, antioxidants administered 
exogenously are capable of providing protection against 
progression of DN. Antioxidant do this by blocking the 
formation of excessive reactive oxygen species (ROS) 
effectively and scavenging the preformed intracellular 
ROS [32].

Several reports showed that natural antioxidants 
such as vitamin E, vitamin C, coenzyme Q10, lipoic acid, 
aminoguanidine, turine, N-acetylcysteine and antioxi-
dative enzymes such as SOD, CAT, and GSH have pro-
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