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Abstract. – Background: Diabetic
nephro-pathy (DN) is a major cause of morbidity
and mortality in diabetic patients. To prevent the
development of this disease and to improve ad-
vanced kidney injury, effective therapies direct-
ed toward the key molecular target are required.
Proanthocyanidin (PA) and thymoquinone (TQ)
have been reported to be effective in treating
DN, while little is known about their mechanism
of action and their combination.

Aim: This study was designed to investigate
the possible beneficial effects of (TQ), (PA) and
their combination to attenuate DN in rats. 

Materials and Methods: Rats were divided in-
to five groups: group 1 (control), group 2 (diabetic
untreated), group 3 (diabetic treated with PA),
group 4 (diabetic treated with TQ) and group 5 (dia-
betic treated with PA+TQ). Diabetes was induced in
groups 2-5 by a single dose of 65 mg/kg streptozo-
tocin (STZ) in citrate buffer pH 4.5. Two days after
STZ treatment, development of diabetes in the ex-
perimental groups was confirmed by measuring
blood glucose. Rats in group 3 were given PA (250
mg/kg), rats in group 4 were given TQ (50 mg/kg)
and rats in group 5 were given PA+TQ (250+50
mg/kg respectively) once a day orally for 12 weeks
starting 2 days after STZ injection. 

Results: In this work, novel data correlate the
relation between reactive oxygen species; ad-
vanced glycation end products; IL-6 and DN were
obtained. Treatment of rats in groups 3-5 with PA,
TQ and PA+TQ was significantly increased- the re-
duced body weight, the reduced glutathione con-
centration and activity of superoxide dismutase.
The elevated levels of urea, creatinine, nitric ox-
ide, malondialdehyde and IL-6 in group 2 were sig-
nificantly reduced as a result of the treatment. 

Conclusion: These findings suggest that PA
and TQ treatment exerts a therapeutic protective
effect in diabetes by decreasing oxidative stress
and attenuating DN. Consequently, TQ and PA
may be clinically useful for protecting diabetic
kidney against oxidative stress.
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Introduction

Diabetes is characterized by chronic hyper-
glycemia which is highly correlated to the initia-
tion and progression of diabetic nephropathy (DN)
and generation of oxidative stress1,2. Additionally,
glucose can undergo autooxidation, resulting in the
generation of intermediates, leading to production
of reactive intermediates and may form adduct in
proteins to form advanced glycation end products
(AGEs) or Amadori products2. Recently, a close
association between oxidative stress and inflamma-
tion in the pathologies of diabetes was reported3,4.

Diabetic nephropathy is characterized by
changes in both glomerular and tubular structure
and function. Most studies have focused on alter-
ations in the glomerulus, including abnormalities
in glomerular permeability and capillary pres-
sure, glomerular hyperplasia or hypertrophy and
increase in mesangial volume5.

Hyperglycemia induces oxidative insult in re-
nal tubular epithelial cells and that injury initiates
tubulointerstitial fibrosis, a characteristic feature
of diabetic nephropathy, which then progressive-
ly results in renal failure6,7. Moreover, high glu-
cose-exposed renal cells have been used to inves-
tigate the cellular and molecular mechanisms of
diabetic nephropathy8-10.

As one of the main causes of end-stage renal
disease, the prevention and treatment of diabetic
nephropathy in early stage, and the slowing down
of diabetic nephropathy progression are of ut-
most importance and are topics of several ongo-
ing research studies. Nutraceuticals endowed
with antioxidant-antiinflammatory properties
may offer an opportunity of integrative treatment
for this condition. The ability of antioxidants to
protect against the effects of hyperglycemia in
vitro, along with the clinical benefits often re-
ported following antioxidant therapy, supports a
causative role of oxidative stress in mediating
and/or worsening these abnormalities11.
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Proanthocyanidin (PA) is a polyphenolic com-
pound and has been reported to have anticancer12

and cardioprotective effects13, to protect against
ulcers and gastric mucosal injury14, to have a pro-
tective effect against diabetic retinopathy in
streptozotocin-induced diabetic rats15, to amelio-
rate diabetic macrovascular complications16 and
to protect against cisplatin-induced nephrotoxici-
ty17. However, the underlying protective mecha-
nisms of PA against diabetic nephropathy have
not been fully delineated.

Thymoquinone (TQ), the main constituent of
the volatile oil from Nigella sativa seeds, is re-
ported to possess strong antioxidant properties.
Previous studies have demonstrated that TQ has
a considerable protective effect against oxidative
damage induced by a variety of free radical-gen-
erating agents, including doxorubicin induced
cardiotoxicity18. TQ has an analgesic and antiin-
flammatory action19, protective effect against
chemical induced carcinogenesis, and an inhibit-
ing action on eicosanoids generation and mem-
brane lipid peroxidation. Khan and Sultana
proved that thymoquinone is a potent chemopre-
ventive agent and suppresses Fe-NTA-induced
oxidative stress, hyperproliferative response and
renal carcinogenesis in Wistar rats20.

To the best of my knowledge there is no previ-
ous work comparing the beneficial effects of TQ,
PA and their combination in attenuating DN. In
the present work, the possible beneficial role of
PA, TQ and their combination to attenuate DN in
rats was examined. The protective actions of PA
and TQ against oxidative stress and inflammation
using diabetic rat model was studied. Urea, crea-
tinine, IL-6, lipid peroxidation (malondialde-
hyde, MDA), superoxide dismutase (SOD), nitric
oxide (NO), and reduced glutathione (GSH) lev-
els were measured in diabetic rats to clarify the
mechanism by which the inhibitory effect of PA
and TQ act on diabetic nephropathy related to
oxidative stress and inflammation. Novel data
correlate in vivo the role of MDA, IL-6, AGEs in
the progression of DN and the effect of PA, TQ,
and their combination were obtained.

Materials and Methods

Induction of Experimental Diabetes
Nine week-old 200±20 g male albino rats

(n=50) were housed in cages and received nor-
mal rat chow and tap water ad libitum in a con-
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stant environment (room temperature 28±2oC,
room humidity 60±5%) with a 12-h light, 12-h
dark cycle. The animals were kept under obser-
vation for one week prior to the start of the ex-
periments. All procedures were done according
to the Animal Ethics Committee. Ten rats were
randomly selected as control group (group 1,
n=10), which received a single tail vein injection
of 0.1 mol/l citrate buffer only. The other 40 rats
received a single dose of streptozotocin (STZ,
Sigma-Aldrich, Deisenhofen, Germany) through
the indwelling catheters over 2 min, at a fixed
dose of 65 mg/kg. Administration of STZ was
performed after an 18-h overnight fast in con-
scious animals. STZ was weighed out in individ-
ual portions and dissolved in sodium citrate
buffer pH 4.5, to a concentration of 65 mg/ml21-23

immediately before injection. Vomiting was seen
in all animals during the first hours after admin-
istration of STZ. Only rats with blood glucose
higher than 250 mg/dl after two days were con-
sidered as being diabetic in the fasting state.
Blood glucose was measured by using Accu
Check sensor Analyzer (Roche, Mannheim, Ger-
many). Eight rats with blood glucose levels lower
than 200 mg/dl were excluded from the study.
All treatments were carried out two days after
STZ had been injected.

Experimental Protocols 
All rats were divided into five groups. The

groups were divided as follows: group 1, control
rats (n=10); group 2, untreated diabetic rats
(n=8); group 3, PA treated diabetic rats {PA, Al-
pha Medicine, Cairo, Egypt, 250 mg/kg body
weight/day15, n=8}; group 4, TQ treated diabetic
rats {TQ, Sigma/Aldrich (Deisenhofen, Ger-
many) 50 mg/kg body weight/day21, n=8}; and
group 5, TQ+PA treated diabetic rats [50+250
mg/kg/day respectively, (n=8)]. PA was given in
normal saline solution by intragastric administra-
tion for 12 weeks starting from day two after
STZ administration21. At the end of the experi-
ments, the final body weight of the various
groups was recorded. Then, animals were fasted
overnight (18 h) and then anesthetized intraperi-
toneally with 10% chloral hydrate 350 mg/kg
body weight15. Blood was collected directly from
the heart of each animal. Serum was used for the
determination of urea by diacetylmonoxime
(DAM) reagent using commercially available kit;
NO was measured by Griess reagent and creati-
nine was assayed by alkaline-picric acid method
using diagnostic kit of Bio-diagnostic (Bio-diag-
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nostic CO., Cairo, Egypt). IL-6 concentration
was determined by using ELISA kit from Promo-
cell (Heidelberg, Germany), according to the in-
structions of the manufacturer.

Kidney Homogenate Preparation. 
To perform the biochemical analysis on the kid-

ney homogenate, kidneys from different groups
were dissected and rinsed thoroughly with ice-
cold phosphate-buffered saline (PBS) to remove
blood components. Later, they were blotted dry
and frozen immediately in liquid nitrogen. Every
kidney tissue was cut into small pieces and
washed by PBS. Moreover, it was ground in a ho-
mogenization buffer {0.05 M Tris-HCl pH 7.9,
25% glycerol, 0.1 mM EDTA, and 0.32 M
(NH4)2SO4} containing a protease inhibitor tablet
(Roche Applied Science, Mannheim, Germany).
The lysates were homogenized on ice using Poly-
tron homogenizer (Brinkmann Instruments,
Cincinnati, OH, USA). The solution was sonicated
(Hielscher Ultrasonics, Teltow, Germany) in an ice
bath to prevent overheating for 15 seconds fol-
lowed by centrifugation at 12000 rpm, 4°C for 5
minutes. The supernatant was aliquoted and stored
at –80°C and assayed for protein concentration us-
ing BCA kit (Pierce, Rockford, IL, USA) using al-
bumin diluted in lysis buffer as standard24.

Determination of Reduced Glutathione
(GSH)

Reduced glutathione (GSH) plays a central
role in protecting mammalian cells against dam-
age incurred by free radicals, oxidants, and elec-
trophiles. GSH was measured by colorimetrically
using dithionitrobenzoic acid method as de-
scribed by Moron et al25. GSH concentration was
expressed as µmol/g protein using GSH Kit from
Roche Applied Science Mannheim, Germany, ac-
cording to the instructions of the manufacturer.

Determination of Lipid Peroxidation 
The concentration of TBARS was determined

as MDA according to previous works of Sayed
and Okhawa et al24,26. The concentration of MDA
was expressed in terms of nmol/g protein.

Determination of IL-6
IL-6 antigen was determined by enzyme-

linked immunosorbent assay (ELISA). The
ELISA for determination of IL-6 was performed
using a commercially available kit from Promo-
cell (Heidelberg, Germany) according to the in-
structions of the manufacturer. 
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Determination of SOD Activity
SOD activity was determined as the volume

of homogenate that is required to scavenge
50% of the superoxide anion generated from
the photo illumination of riboflavin in the pres-
ence of EDTA (1 unit of SOD activity)27. The
activity was determined using the SOD avail-
able kit from Bio-diagnostic (Bio-diagnostic
Co., Cairo, Egypt) according to the instructions
of the manufacturer.

Determination of Nitric Oxide (NO)
NO as a free radical is relatively unstable in

oxygenated solutions where it is rapidly and
spontaneously reacts with molecular oxygen to
yield a variety of nitrogen oxides. It was demon-
strated that the only stable products formed by
spontaneous decomposition of NO in oxygenated
solutions are nitrites and nitrates, thus they were
measured as indicators for NO production. Kid-
ney nitrite content was measured after reduction
of nitrates to nitrites with Aspergillus nitrate re-
ductase (Sigma, Deisenhofen, Germany)28.

Statistical Analysis
Statistical analysis was performed using SPSS

software II (SPSS Inc., Chicago, IL, USA). The
effect of each parameter was assessed using the
one way analysis of variance. Individual differ-
ences between groups were examined using Dun-
nett’s test and those at p < 0.05 were considered
statistically significant. 

Results

The weights of the rats at the beginning of the
study were similar in all groups. At the end of
the treatment, diabetic animals presented a sig-
nificant weight loss. The initial and final body
weights were not different in control rats, PA
and/or TQ treated diabetic rats. As a result of
STZ injection, diabetic untreated animals exhib-
ited a significant hyperglycaemia (p < 0.01).
Treatment with PA and TQ caused a sharp and
significant decrease in the elevated serum glu-
cose (p < 0.05) (Table I) in groups 3-5. Also, PA
and/or TQ treatment (groups 3-5) significantly (p
< 0.05) decreased the elevated serum NO, urea
and creatinine in diabetic untreated rats (group
2). Levels of serum IL-6 was significantly de-
creased (p < 0.01) in the PA and/or TQ treated
groups as shown in Table I.
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Measurement of IL-6 level in kidney ho-
mogenate (Figure 1) demonstrated a significant
increase in IL-6 level in group 2 (diabetic un-
treated group) (p < 0.01) which contributes to the
renal injury29. This high level of IL-6 in the kid-
ney homogenate was significantly reduced in
groups 3-5 (PA, TQ and PA+TQ treated groups)
compared with group 2 (p < 0.01). 

The degree of lipid peroxidation in the kidney
homogenate was determined as MDA in Figure
2. MDA level was significantly increased in
group 2 (p < 0.01). These high levels of MDA

were significantly reduced as a result of PA and
TQ treatment (p < 0.05).

In Figure 3, the level of GSH was determined.
In group 2 GSH was significantly reduced as a
result of STZ treatment (p < 0.05). In groups 3-5,
GSH was further significantly increased as a re-
sult of PA and TQ treatment (p < 0.05). Similar
data were obtained in Figure 4 for the SOD activ-
ity. As a result of STZ treatment, SOD activity in
group 2 was significantly reduced. Treatment of
animals with PA and TQ in groups 3-5 signifi-
cantly increased the activity of SOD (p < 0.05).

Parameters Group 1 Group 2 Group 3 Group 4 Group 5

Initial body weight 200 ± 4 208 ± 2 210 ± 3 210 ± 4 212 ± 5
Final body weight 205 ± 3 148 ± 4a 211 ± 5 212 ± 3 216 ± 5
Initial serum glucose 99 ± 5 97 ± 5 96 ± 4 99 ± 3 98 ± 2
Final serum glucose 95 ± 7 295 ± 12b 170 ± 10c 168 ± 10c 127 ± 10c,d

Blood Urea 29 ± 1.33 58 ± 2.6b 37 ± 1.4c 38 ± 1.1c 30 ± 1.2c,d

Serum Creatinine 0.45 ± 0.25 0.95 ± 0.07b 0.61 ± 0.0 0.61 ± 0.02c 0.50 ± 0.01c,d

Serum NO 4.74 ± 0.50 9.3 ± 1.5b 5.45 ± 0.4c 5.4 ± 0.5c 4.82 ± 0.4c,d

Serum IL-6 65 ± 2.6 540 ± 22b 80 ± 7.5a 76 ± 2.4c 69 ± 5.4c,d

Table I. Body weight (g), serum glucose (mg/dl), serum urea (mg/dl), serum creatinine (mg/dl), serum NO (µmol/l) and serum
IL-6 (pmol/ml) levels of group 1 (control), group 2 (diabetic untreated), group 3 (diabetic treated with PA), group 4 (diabetic
treated with TQ) and group 5 (diabetic treated with PA+TQ).

Values are expressed as means ± SD, n = 10 for A and 9 for B, C groups. The effect of each parameter was assessed using the
one-way analysis of variance. Individual differences between groups were examined using Dunnett’s test and those at p < 0.05
were considered statistically significant. ap < 0.05 compared to group 1; bp < 0.01 compared to group 1; cp < 0.05 compared to
group 2; dp < 0.05 compared to group 3, 4.

Figure 1. Effect of 250 mg/kg PA, 50 mg/kg TQ and 250 mg/kgPA+50 mg/kg TQ on the level of IL-6 in the kidney ho-
mogenate. Vertical bars represent mean ± SEM from five replicate experiments. (**p = 0.01 vs control; *p = 0.009 vs diabetic
untreated group).
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Discussion

Metabolic activity within the nephron pro-
duces a large amount of reactive oxygen species
(ROS) that are counter balanced by a large num-
ber of antioxidant enzymes and free radical scav-
enging systems. ROS mediate many negative bi-

ological effects, including peroxidation of cell
membrane lipids, oxidation of proteins, renal
vasoconstriction and damage to DNA. Unfortu-
nately, hyperglycemia tips the balance towards
production of ROS, most of which seem to be
generated in the mitochondria24,27. Glucose me-
tabolism through harmful alternate pathways,

Figure 2. Effect of 250 mg/kg PA, 50 mg/kg TQ and 250 mg/kgPA+50 mg/kg TQ on the level of malondialdehyde in the kid-
ney homogenate. Vertical bars represent mean ± SEM from five replicate experiments. (*Denotes p = 0.01 vs control group, **
denotes p < 0.05; ***Denotes p = 0.01 vs diabetic untreated group). 
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Figure 3. Effect of 250 mg/kg PA, 50 mg/kg TQ and 250 mg/kgPA+50 mg/kg TQ on the level of GSH in the kidney ho-
mogenate. Vertical bars represent mean ± SEM from five replicate experiments. (**Denotes p = 0.01 vs control group, *De-
notes p < 0.05, ***Denotes p = 0.01 vs diabetic untreated group).
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such as via protein kinase C activation and ad-
vanced glycation end-product formation is re-
ported to contribute to the development of dia-
betic nephropathy30. 

In the present study, PA, TQ and their combi-
nation were tested in vivo to examine their effect
to ameliorate the progression of diabetic
nephropathy related to their antioxidative actions
in diabetic rats. The obtained results indicated
that diabetic untreated rats showed body weight
reduction during the 12 weeks experimental peri-
od, suggesting that these animals were undergo-
ing growth retardation due to the obstruction of
glucose uptake caused by the lack of insulin fol-
lowing STZ injection, but treatment with PA,
TQ, and their combination increased the body
weight from the initial value. The obtained data
were in line with previous work7,21,31.

The levels of serum glucose, serum urea, and
serum creatinine observed in untreated diabetic
rats were increased beyond those of untreated
control rats which contributed to the STZ injec-
tion and the diabetic nephropathy in rats under
investigation. However, TQ, PA and TQ+PA
treated diabetic rats showed a significant reduc-
tion in these elevated levels compared with un-
treated diabetic rats. Therefore, we supposed that
TQ and PA could have a reno-protective effect
which correlates with the body weight gain. Also

levels of serum NO were significantly reduced in
the PA and TQ treated groups. All these data
were in line with previous work15,32,33.

As a result of diabetes, ROS and oxidative
stress increases. These ROS react with proteins
forming AGEs. Moreover, AGEs interact with
their receptors RAGE and activate the nuclear
transcription factor kaba B (NF-κB) and its con-
trolled genes like IL-67. To test this hypothesis,
MDA and IL-6 levels were measured. The renal
MDA level, an index of lipid peroxidation and
oxidative stress, was significantly increased in
the diabetic untreated rats compared with control
group and these data were in line with a previ-
ous study34. 

Inflammatory cytokines also contribute to the
development and progression of diabetic
nephropathy. Concentrations of all these cy-
tokines were increased in models of diabetic
nephropathy and seemed to affect the disease via
multiple mechanisms35,36. IL-6 has a strong asso-
ciation with the development of glomerular
basement membrane thickening as well as possi-
ble relationships with increased endothelial per-
meability and mesangial cell proliferation.
Treatment of diabetic rats with PA, TQ, and their
combination was significantly reduced the ele-
vated levels of IL-6 which could be attributed to
the antioxidative and antiinflammatory effects of

Figure 4. Effect of 250 mg/kg PA, 50 mg/kg TQ and 250 mg/kgPA+50 mg/kg TQ on the activity of SOD in the kidney ho-
mogenate. Vertical bars represent mean ± SEM from five replicate experiments. (*Denotes p < 0.05 vs control group, **De-
notes p < 0.05 vs diabetic untreated group). 
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both. This reduction in the levels of IL-6 could
play a major role in the attenuation of the pro-
gression of diabetic nephropathy and subse-
quently the significant reduction of the serum
urea and creatinine in PA, and TQ treated
groups. The obtained data were in line with pre-
vious studies21,37,38.

It was observed that PA and TQ have antiox-
idative properties as evidenced by the significant
increase in GSH and SOD activity and reduction
of lipid peroxidation and NO levels in the diabet-
ic treated groups (groups from 3-5), so it might
improve the function of β-cells in the diabetic
rats, and influenced insulin effects by directly
acting on specific components of the insulin-sig-
naling transduction pathway.

In all trials, treatment with PA (group 3) and
TQ (group 4) have similar effect on all biomark-
ers investigated. On the other hand, combination
of both PA and TQ with their native concentra-
tion gave a better effect on the reduction of dia-
betic nephropathy symptoms. The effect of the
combination was significantly different from
each individual treatment.

The obtained data in this study showed that in-
creasing oxidative stress leads to increasing the
levels of ROS (in our study MDA) which reacts
with proteins forming AGEs. Furthermore, AGEs
activates NFκB and its controlled genes (IL-6).
Treatment of rats with PA and TQ reduce these
elevated levels which could be attributed to their
anioxidative/antiiflammatory effects. This reduc-
tion in MDA, IL-6, and NO levels attenuate the
progression of DN and improve kidney function
and antioxidant enzymes.

Conclusions

In conclusion, the present work demonstrates
that in diabetic rats, TQ, and PA showed an-
tioxidative and antiinflammatory properties to
reduce lipid peroxidation, total ROS genera-
tion, NO• and IL-6. In addition the activity of
antioxidant enzymes like GSH, SOD was in-
creased. We, therefore, postulate that the dual
effect of ameliorating oxidative stress and in-
flammation might be the possible mechanism
by which TQ and PA act on diabetic nephropa-
thy in diabetic rats. Further detailed mechanis-
tic studies are necessary to unveil the beneficial
role of TQ and PA as a useful natural, antidia-
betic antioxidant.

A.A. Sayed
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