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Differential Renoprotective Actions of Simvastatin and Rosuvastatin in Streptozotocin-
Induced Diabetes in Sprague-Dawley Rat

Rowaida Refaat®, Asmaa Eldeeb?®, Marwa Bakir®, Eman El-Abd ®, Emad El-Bassiouni®

*Pharmacology Department, Medical Research Institute (MRI), Alexandria University, Alexandria, Egypt
PRadiation Sciences Department, Medical Research Institute (MRI), Alexandria University, Alexandria, Egypt

ABSTRACT

Diabetic nephropathy (DN) is the most frequent cause of the end-stage renal disease (ESRD) in about
33% of diabetic patients. The present study aimed to explore the renoprotective effects of simvastatin
(SV) and rosuvastatin (RSU) on the Kidney of streptozotocin (STZ)-induced diabetic Sprague-Dawley
(SD) rat model. As a result of induction of diabetes, serum [cystatin C, transforming growth factor-beta
(TGF-B), and 8-hydroxy-2' -deoxyguanosine (8-OHdG)] and tissue [interleukin 1 beta (IL-1P),
interleukin 10 (IL-10), prostaglandin E2 (PGE2), cytochrome ¢, malondialdehyde (MDA), glutathione
(GSH), glutathione disulfide (GSSG), GSH/GSSG ratio) markers showed significant increase than
negative controls except tissue total glutathione (tGSH). Both SV and RSU significantly shifted the levels
back toward near non-diabetic values. Both exerted the same renoprotective effect indicated by a
significant decrease in cystatin C. However, SV significantly lowered 1L-10, GSH/GSSG ratio, MDA,
and 8-OHdG than RSU. Similarly, RSU significantly lowered cytochrome ¢ and GSSG than SV. In
conclusion, SV and RSU have differential renoprotective effects via alteration of growth factor,
inflammatory, oxidative stress, DNA damage, and apoptotic signaling pathways.
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1. INTRODUCTION Reactive Oxygen Species (ROS) and subsequent
cellular damage trigger induction of glucose
homeostasis  transcriptional ~ factors,  the
proinflammatory cytokines (such as IL-1), and
growth factors (such as TGF-Bl) [4-6]. The
mechanism by which oxidative stress can induce
apoptosis may involve increased peroxidation of
membrane lipids, increased oxidative injury to
macromolecules, changes in cellular redox
potential, or depletion of glutathione [7, 8]. ROS-

The impact of diabetes on health resides in a
series of complications that characterize this
disease [1]. Hyperglycemia-induced
microvascular complications are the main cause
of diabetic nephropathy (DN). Approximately
one-third of all diabetic patients will develop DN
[2, 3], which constitutes the most frequent cause
of the end-stage renal disease (ESRD) [1].
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induced hyperglycemia also affects
mitochondrial ~ function and  mitochondrial
oxidative stress in turn increases apoptosis and
leads to diminished beta-cell mass or loss of beta-
cell function [9].

Serum cystatin C, a non-glycosylated (13.3-
kDa) cystatin protease inhibitor, is a promising
replacement for serum creatinine in detecting the
estimated glomerular filtration rate (eGFR) [10].
Murty et al., [11] showed that serum cystatin C is
an ideal marker of renal function in the early
stages of acute kidney injury (AKI). Unlike
serum creatinine, it is less affected by age,
gender, ethnicity, muscle mass, protein
catabolism, or dietetic factors. Other studies
showed that serum cystatin C level might be
increased by diabetes, inflammation, and TGF-$8
(@ marker  of inflammation/endothelial
damage/fibrosis) [10, 12].

Statins are widely used to reduce
cardiovascular risks in diabetic patients [13-15].
Some statins showed renoprotective actions [16-
18]. Such actions are probably mediated by
pleiotropic mechanisms including actions on cell
proliferation, apoptosis, oxidative stress, and
inflammation, which may augment the progress
of DN [19]. Hussein & Mahfouz [18] showed
that oral administration of resveratrol (RSV) with
RSU improved glycemic control and attenuated
oxidative stress damage in renal tissues of
diabetic albino rats.

The solubility of statins is a crucial rate-
limiting factor for their bioavailability and
pharmacological response. Various enhancement
solubility techniques such as inclusion complex
formation, solid dispersion, solubilization by
surfactants, and particle size reduction techniques
have been successfully employed to improve the
solubility of SV [20]. SV exerts cardioprotective
effects via attenuation of
hyperglycemia/hyperlipidemia-induced oxidative
stress, enhanced antioxidant defenses,

ameliorated cardiac hypertrophy, inflammation,
apoptosis, fibrosis, and lowering serum tumor
necrosis factor-a (TNF-a), C-reactive protein
(CRP), and nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB) in STZ-
induced diabetes in Wister rats [15]. Statins
including RUS are proposed to alter molecular
pathways of oxidation, inflammation, and
apoptosis via their positive effect on low-density
lipoprotein receptor (LDL-R) as well [21].

The current study aimed to assess and
compare the pleiotropic actions of the water-
soluble RSU versus the lipid-soluble SV on
cellular damage in diabetes-induced nephropathy
in SD rats.

2. MATERIALS AND METHODS

Thirty-two adult males of SD rats (weighing
140-150 g each) were used. Animals were kept
under observation for one week before the study
with free access to feed and water. Rats were
housed under controlled conditions of light
illumination, relative humidity, and temperature
of 22-25 °C. AIll animal procedures were
performed according to an approved protocol and
following regulations of the local committee on
the care and use of experimental animals of
Alexandria University according to the guidelines
of the National Institutes of Health (NIH).

2.1. Drug treatments

Diabetes was induced by a single
intraperitoneal injection of STZ [65 mg/kg;
dissolved in citrate buffer (0.1 M, pH 4.5) [22]
into 12 h food-deprived rats [23]. Induction of
diabetes was confirmed by a test for blood
glucose level >200 mg/dL (blood samples were
withdrawn from the tail vein), 48 hours after STZ
injection [6]. Statins were dissolved in 0.5%
methylcellulose and treatment was started 3
weeks after STZ injection when the Kkidney
should have recovered from the acute mild
nephrotoxic effect of STZ [24].
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The 32 rats used in the study were divided
into the following four groups (eight rats each):

Group I: Non-diabetic rats served as negative
control and received 0.2 mL of the drug vehicle
(0.5% methylcellulose) by oral gavage for 2
weeks.

Group II: Diabetic rats served as positive
control and received 0.2 mL of the vehicle (0.5%
methylcellulose), orally for 2 weeks.

Group IlI: Diabetic rats received SV (10
mg/kg/day in 0.5% methyl cellulose) orally for 2
weeks [25].

Group IV: Diabetic rats received RSU (10
mg/kg/day in 0.5% methyl cellulose) orally for 2
weeks [18].

2.2. Methods

At the end of each treatment period, animals
were sacrificed by cervical dislocation. Blood
was collected from the descending aorta through
a laparotomy incision, serum was separated and
used for determination of:

= Cystatin C as an estimator of glomerular
filtration rate [26, 27].

=  TGF-p as one of the growth factors which are
implicated in diabetic nephropathy
pathogenesis [26, 27].

= 8-OHdG as a marker for oxidative DNA
damage [28].

Kidneys were quickly excised, washed with
ice-cold saline and immediately kept at -80 °C
until homogenized and assayed for the following
parameters:

= Cytokines; including the pro-inflammatory
IL-1p and the anti-inflammatory IL-10 [29].
= PGE2 [30].

= MDA [31], GSH, GSSG, GSH/GSSG ratio
[32] and (GSH calculated as (2 GSSG +
GSH).

= Cytochrome c as an indicator of apoptosis
[33].

2.3. Statistical analysis

Statistical analysis was performed using IBM
SPSS statistics for windows, version 20
(Armonk, NY: IBM Corp. 2011). Quantitative
data were expressed in mean * standard deviation
(Mean + SD). Differences between means were
assessed by one-way analysis of variance
(ANOVA) followed by Tukey's procedure and
were considered statistically significant at p<
0.05.

3. Results
3.1. Kidney

Changes in inflammatory mediators and
apoptotic markers in the kidney of diabetic rats
following treatment with SV and RUS are
presented in Table 1. All values for the
determined parameters increased significantly by
induction of diabetes and were attenuated by
treatment with both statin compounds used (p<
0.05).

The mean level of IL-1p in diabetic rats was
significantly elevated reaching about 3.4 times
the negative control value. Treatment with the
statins used in the present study caused a
significant lowering of this marker reaching
38.1% and 26.9% below the diabetic untreated
group for the SV and RSU treated groups;
respectively. However, these values were still
significantly higher than the normal controls.

The changes in the levels of IL-10 were
qualitatively similar to those of IL-1B. The mean
level in the diabetic kidneys was 6.6 times the
normal control and decreased significantly by
63.4% after treatment with SV and by 47.7%
with RSU. These levels were still significantly
higher than the normal value and the mean level
of the RSU group was significantly higher than
after SV by 42.6%.
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Table 1. Inflammatory and apoptotic markers in kidney tissue of STZ-induced diabetic rats following treatment with
SV and RSU

IL-1B IL-10 PGE2 Cytochrome c
. . . /g tissue
Rat Groups (pg/g tissue) (pg/g tissue) (pg/g tissue) (/g )
Normal group 31.95 + 2.99 15.30 +1.81 66.58+3.54 1.64+ 0.27
Diabetic group 108.6+ 13.02" 101.1+5.19" 209.3+9.16" 8.87+0.77"
Simvastatin-treated diabetic group 67.45+5.92"% 37.05+3.78# 94.55+7.97* 3.13+0.34"
Rosuvastatin-treated diabetic group ~ 79.35+ 6.25™ 52.9+8.15 %@ 97.68+8.06™ 2.17+0.36*@

*, Significant difference between normal (negative control) and each other group; #, the significant difference between diabetic (positive control) and simvastatin or rosuvastatin; @,

the significant difference between simvastatin and rosuvastatin; IL-1g, Interleukin-1p; IL-10, Interleukin-10; PGE2, Prostaglandin E2; 6 rats in each group.

Table 2. Changes in oxidative stress markers in the kidney tissues of streptozotocin-induced diabetic rats following

treatment with simvastatin and rosuvastatin

GSH GSSG tGSH GSH/GSSG MDA
Rat Groups
(umol/L) (umol/L) (umol/L) Ratio (nmol/L)
Normal group 47.23+2.57 6.490.38 60.2+2.58 7.30 +0.60 11.47+1.57
Diabetic group 18.13+2.06 21.33+2.63" 62.0+5.83 0.84+0.14" 66.65+4.61"
Simvastatin-treated diabetic group 40.2+4.55™ 10.73+0.75™ 61.67+5.56 3.75+0.34™ 27.43+3.38"
Rosuvastatin-treated diabetic group 43.87+3.16* 7.31+1%@ 58.48+4.79 6.070.6@ 36.32+2.88™@

GSH, reduced glutathione; GSSG, oxidized glutathione; tGSH, total glutathione (= 2GSSG + GSH); MDA, malondialdehyde. *, significant difference between normal (negative
control) & each other group; #, significant difference between diabetic (positive control) & simvastatin or rosuvastatin; @, significant difference between simvastatin & rosuvastatin; 6

rats in each group.

Induction of diabetes caused an elevation in
PGE2 reaching values ~3.1 times control.
Although treatment with SV decreased PGE2
level by 54.8% and by 53.3% after RSU, these
levels were significantly higher than the negative
control.

The level of cytochrome c in diabetic kidney
was 5.4 times that of the negative control.
Treatment with the statins used caused significant
decreases of 64.9% with SV and 75.5% with
RSU. However, there was a statistical difference
between the levels of the two statins treated
groups, as rosuvastatin gave a higher effect.

The effects of induction of diabetes and
treatment with SV and RSU on oxidative stress

markers are presented in Table 2. GSH decreased
by 61.6% in the diabetic group and returned to
near normal by treatment with either statin used.
The level of GSSG in diabetics was almost 3.3
times the normal level and decreased by 49.7%
after treatment with SV and by 65.7% with RSU.
No difference was detected in total glutathione in
all tested groups. Increased oxidative stress was
clear from the GSH/GSSG ratio, which decreased
by 88.5% below normal as a result of induction
of diabetes but went back to near normal
reaching 4.46 times the diabetic level in the SV
group and 7.22 times in the RSU group. The
value in the RSU group was significantly higher
than in the SV group by 61.8%.

The lipid peroxidation products, estimated as
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MDA, were significantly elevated to reach
concentrations 5.8 times the normal control. In
both drug-treated groups, renal concentrations
were lower by 58.8% and 45.5% below the
diabetic level in the SV and RSU groups;
respectively.

3.2. Serum

Data on the serum markers of kidney damage
are presented in Table 3. The mean level of
cystatin C in the sera of diabetic rats was 42.2
times that of normal controls. Treatment with SV
decreased cystatin C by 68.6% while treatment
with RSU decreased it by 74.2%, below positive

control, however, values for both treatments were
still significantly higher than normal control.

Oxidative damage of nucleic acids,
represented by 8-OHdG, as a result of diabetes
induction, was evident. The level of this marker
increased in the diabetic sera to 9.77 times that of
the normal rats. Treatment with SV decreases 8-
OHdG level by 74.7% below that of the diabetic
untreated group while treatment with RSU
decreased it by 66.2%. The level in the RSU
group was significantly higher than the SV group
by 33.7%.

Table 3. Serum markers of kidney damage in streptozotocin-induced diabetic rats following treatment with

simvastatin and rosuvastatin

Cystatin C TGF-p1 8-OHdG
Rat Groups (ng/mL) (pg/mL) (ng/mL)
Normal group 0.19+ 0.03 20.28+1.78 1.02+0.12
Diabetic group 8.02+0.80" 119.92+4.76" 9.97+0.78"
Simvastatin-treated diabetic group 2.52 +0.25™ 45.82+2.78™ 2.52 +0.31%
Rosuvastatin-treated diabetic group 2.07+0.34" 39.33+6.26™ 3.37+0.33™@

*, significant difference between normal (negative control) & each other group; #, significant difference between diabetic (positive control) & simvastatin or rosuvastatin; @,

significant difference between simvastatin & rosuvastatin; TGF-p1, transforming growth factor- p1; 8-OHdG, 8-hydroxydeoxyguanosine; 6 rats in each group.

4. Discussion

The pathogenesis of DN appears to be
multifactorial with dyslipidemia as a co-
morbidity, which may influence the development
and progression of damage in the diabetic kidney
[34, 35]. The renoprotective action of statins in
diabetes comes either from the hypolipidemic
effect, which is associated with decreased
albuminuria and diabetic kidney disease [36] or
lipid-independent actions on processes which
may augment the progress of DN. Pleiotropic
mechanisms of statins, including actions on cell
proliferation/apoptosis and oxidative stress, may
exert beneficial effects independent of their lipid-
modifying properties [19], as presented in the
results of the present study. Disturbances in the

levels of inflammatory, apoptotic, and oxidative
stress markers were observed as a result of the
induction of diabetes, which was partly corrected
by treatment with the used statins. The mean
increase level of IL-1B, which is an important
mediator of the inflammatory response in
diabetic rats, was several times that of normal
controls. These high levels were attenuated
approximately to the same levels by treatment
with either SV or RUS.

It is noteworthy that the increase in the
proinflammatory IL-13 was accompanied by a
significant increase in 1L-10, which is a potent
anti-inflammatory agent by its ability to suppress
genes for proinflammatory cytokines [37]. Such
probably represented a defense mechanism
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against the high levels of the proinflammatory
mediators in the diabetic kidney. It has been
proposed that the biological activities of IL-10 in
modulating inflammation may be caused, in part,
by downregulation of proinflammatory cytokines
and their receptors and upregulation of cytokine
inhibitors [38]. Treatment with the statins caused
a significant decrease in IL-10 parallel to the
decrease in IL-1B, with RSU more effective than
SV.

Induction of diabetes caused PGE2 to reach
higher levels in the kidneys of the diabetic rats,
which were partially corrected by treatment with
statins. An increase in the local production of
prostaglandins in the kidney has been observed in
clinical and experimental DN and prostaglandin
synthesis is augmented in glomeruli of STZ-
induced diabetic rats [39]. The overproduction of
PGE2 plays an important role in the end-organ
damage in diabetes [40]. It was suggested that IL-
1 preferentially stimulates the production of
prostaglandins and many of the biological
activities of IL-1 are probably due to increased
PGE2 production [39]. The decrease of IL-1 level
following treatment with both statins used was
accompanied by a similar fall in PGE2. This may
be a pointer for possible attenuation of the
progression of kidney damage.

It was also suggested that increased oxidative
stress and increased levels of inflammatory
cytokines, like TGF-B, may enhance the
apoptosis levels in DN [41]. TGF B-1 increases
intracellular ROS in mesangial and tubular
epithelial cells [42]. Oxidative stress is clearly
shown in the diabetic kidney in the present study
by decreased levels of GSH and GSH/GSSG
ratio. On the other hand, there are substantial
increases in the levels of GSSG and MDA. These
changes were shifted toward the non-diabetic
values following treatment with both statins used.
However, the level of total glutathione was not
modified either by induction of diabetes or by

treatment with statins. This may indicate that the
synthesis of glutathione was not affected by these
manipulations and the problem lies with the
reduction of GSSG.

Fragmentations of nucleic acids, as shown by
the serum level of 8-hydroxyguanosine and the
apoptotic marker cytochrome c¢ were highly
elevated in diabetic rats. Apoptosis contributes to
the development of diabetic nephropathy. It was
suggested that increased oxidative stress and
increased levels of inflammatory cytokines may
also enhance the apoptosis levels in DN [41].
When the cell detects an apoptotic stimulus, such
as DNA damage or metabolic stress, the intrinsic
apoptotic pathway is triggered, and mitochondrial
cytochrome c is released into the cytosol [43]. It
has been suggested that cystatin C might predict
the risk of developing chronic kidney disease
thereby signaling a state of preclinical kidney
dysfunction [44]. Attenuation of the high levels
of these parameters is therefore expected to
improve renal function and to slow the
progression of kidney disease.

Conclusion

Treatment of diabetic rats with simvastatin or
rosuvastatin caused the determined inflammatory,
oxidative stress, and apoptosis markers to shift
toward near normal values and therefore
probably slowing down the progression of renal
dysfunction in this model.

Declarations
Ethical approval

Ethics committee approval was stated clearly
in the materials and methods section.

Consent to publish
Not applicable
Availability of data and materials

All data generated or analyzed during this
study are included in this published article in the



110 Refaat et al., Arch Pharm Sci ASU 4(1): 104-112

main manuscript.

Competing interests

The authors declare no competing interests.
Funding Statement

This work is self-funded and no other funding
source was received.

Authors’ contributions

All authors have contributed equally to this
work.

Acknowledgment
Not applicable
List of abbreviations

8-OHdG, 8-hydroxy-2' —deoxyguanosine; AKI,
acute Kidney injury; CRP, C-reactive protein;
DN, Diabetic nephropathy; eGFR, estimated
glomerular filtration rate; ESRD, End-stage renal

disease; GSH, Glutathione; GSSG, glutathione
disulfide; 1L-10, Interleukin  10; IL-1B,
Interleukin 1 beta; LDL-R, Low-density

lipoprotein receptor; MDA, Malondialdehyde;
NF-kB, Nuclear factor kappa-light-chain-
enhancer of activated B cells; NIH, National
Institutes of Health; PGE2, Prostaglandin E2;
ROS, Reactive Oxygen Species; RSU,
Rosuvastatin; RSV, Resveratrol; SD, Sprague-
Dawley, SV, Simvastatin; TGF-B, Transforming
growth factor-beta; tGSH, Total glutathione;
TNF-a, Tumor necrosis factor-o; STZ,
Streptozotocin.

5. REFERENCES

1. Atkins RC, Zimmet P. Diabetic kidney disease:
act now or pay later. Kidney International 2010;
77 (5): 375-7. doi: 10.1038/ki.2009.509.

2. Venkatachalam MA, Weinberg JM, Kriz FAIL-
SA W, Bidanai AK. Failed tubule recovery, AKI-
CKD transition, and kidney disease progression. J
Am Soc Nephrol 2015; 26 (8): 1765-76. doi:
10.1681/ASN.2015010006.

3.

10.

11.

Lim AK, Tesch GH. Inflammation in diabetic
nephropathy. Mediators of Inflammation 2012;
12: 146-54. doi: 10.1155/2012/146154.

Su D, Coudriet G M, Hyun Kim D, Lu Y,
Perdomo G, Qu S, et al. FoxO1 links insulin
resistance to proinflammatory cytokine IL-1beta
production in macrophages. Diabetes 2009; 58
(11): 2624-33. doi: 10.2337/db09-0232.

FG, Menne J, Brandt S, Bernhardt
A, Mertens PR, Haller H,et al. Systemic
inflammation precedes microalbuminuria in
diabetes. Kidney Int Rep 2019; 4 (10): 1373-86.
doi: 10.1016/j.ekir.2019.06.005.

Squirt

Loeffler I, Wolf G. Transforming growth factor-
beta and the progression of renal disease. Nephrol
Dial Transplant 2014; 29 (Suppl. 1): i37-i45. doi:
10.1093/ndt/gft267.

Matsura T, Kai M, Fujii Y, Ito H, Yamada K.
Hydrogen peroxide-induced apoptosis in HL-60
cells requires caspase 3 activations. Free Radic
Res 1999; 30 (2): 73-83. doi:
10.1080/10715769900300081.

Hancock JT, Desikan R, Neill SJ. Does the redox
status of cytochrome c act as a fail-safe
mechanism in the regulation of programmed cell
death? Free Radic Biol Med 2001; 31 (5): 697-
703. doi: 10.1016/S0891-5849(01)00646-3.

Su SL, Kuo CL, Liu CS. Diabetes and
mitochondria. The Changhua J Med 2013; 11: 1-
7.

Inker LA, Levey AS. Measurement and
estimation of kidney function. In J Himmelfarb,
M H Sayegh (Eds.), In J Himmelfarb, T Alp
Ikizler (Eds.), Chronic kidney disease, dialysis,
and transplantation (4" edition), Elsevier Inc.,
2019, pp. 23-41.e3.

Murty MSN, Sharma UK, Pandey VB, Kankare
S. Serum cystatin C as a marker of renal function
in the detection of early acute kidney injury.
Indian J Nephrol 2013; 23(3): 180-3. doi:
10.4103/0971-4065.111840.

. Colhoun HM, Marcovecchio ML. Biomarkers of

diabetic kidney disease. Diabetologia 2018; 61:


https://doi.org/10.1155/2012/146154
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scurt%20FG%5BAuthor%5D&cauthor=true&cauthor_uid=31701047
https://www.ncbi.nlm.nih.gov/pubmed/?term=Menne%20J%5BAuthor%5D&cauthor=true&cauthor_uid=31701047
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brandt%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31701047
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bernhardt%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31701047
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bernhardt%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31701047
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mertens%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=31701047
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haller%20H%5BAuthor%5D&cauthor=true&cauthor_uid=31701047
https://www.ncbi.nlm.nih.gov/pubmed/31701047
https://dx.doi.org/10.1016%2Fj.ekir.2019.06.005
https://doi.org/10.1080/10715769900300081
https://doi.org/10.1016/S0891-5849(01)00646-3
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murty%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=23814415
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharma%20UK%5BAuthor%5D&cauthor=true&cauthor_uid=23814415
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pandey%20VB%5BAuthor%5D&cauthor=true&cauthor_uid=23814415
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kankare%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=23814415
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3692142/

13.

14.

15.

16.

17.

18.

19.

20.

21,

Renoprotective Actions of Simvastatin and Rosuvastatin in Streptozotocin-Induced Diabetes

996-1011. doi: 10.1007/s00125-018-4567-5.

Athyros VG, Mitsiou EK, Tziomalos K,
Karagiannis A, Mikhailidis DP. Impact of
managing  atherogenic  dyslipidemia  on
cardiovascular outcome across different stages of
diabetic nephropathy. Expert Opin Pharmacother

2010; 11 (5): 723-30. doi:
10.1517/14656560903575654.
Owens P, Byrnes JR, Mackman N.

Hyperlipidemia, tissue factor, coagulation, and
simvastatin. Trends Cardiovasc Med 2014; 24 (3):
95-8. doi: 10.1016/j.tcm.2013.07.003.

Al-Rasheed NM, Al-Rasheed NM, Hasan IH, Al-
Amin MA, Al-Ajmi N, Mohamad RA, Raeesa
HN, et al. Simvastatin ameliorates diabetic
cardiomyopathy by attenuating oxidative stress
and inflammation in rats. Oxid Med Cell Longev
Volume 2017; 2017: ID: 1092015. doi:
10.1155/2017/1092015.

Qin X, Dong H, Fang K, Lu F. The effect of
statins on renal outcomes in patients with diabetic
kidney disease: A systematic review and meta-
analysis. Diabetes Metab Res Rev 2017; 33 (6).
doi: 10.1002/dmrr.2901.

Kolavennu V, Zeng L, Peng H, Wang Y, Danesh
FR. Targeting of RhoA/ROCK signaling
ameliorates the progression of  diabetic
nephropathy independent of glucose control.
Diabetes 2008; 57 (3): 714-23. doi:
10.2337/db07-1241.

Hussein MM, Mahfouz MK. Effect of resveratrol
and rosuvastatin on experimental diabetic
nephropathy in rats. Biomed Pharmacother 2016;
82: 685-92. doi: 10.1016/j.biopha.2016.06.004.

Haslinger-Loffler B. Multiple effects of HMG-
CoA reductase inhibitors (statins) besides their
lipid-lowering function. Kidney Int 2008; 74 (5):
553-5. doi: 10.1038/ki.2008.323.

Murtaza G. Solubility enhancement of simvastatin
a review. Acta Pol Pharm 2012; 69 (4): 581-90.

van Stee MF, de Graaf AA, Groen AK. Actions of
metformin and statins on lipid and glucose
metabolism and possible benefit of combination

22.

23.

24,

25.

26.

27.

28.

29.

30.

111

therapy. Cardiovasc Diabetol 2018; 17 (1): 94.
doi: 10.1186/512933-018-0738-4.

Gomori G. Preparation of buffers for use in
enzyme studies. In: Methods in Enzymology.
Colowick SP, Kaplan NO (eds) Vol.1, Academic
Press, New York, 1955, pp 138-146.

Rehman AU, Dugic E, Benham C, Lione L,
Mackenzie LS. Selective inhibition of NADPH
oxidase reverses the over contraction of diabetic
rat aorta. Redox Biol 2014; 2: 61-4. doi:
10.1016/j.redox.2013.12.002.

Tesch GH, AllenT). Rodent models for
streptozotocin-induced  diabetic  nephropathy.
Nephrology 2007; 12 (3): 261-6. doi:

10.1111/j.1440-1797.2007.00796.X.

Kowluru RA. Role of matrix metalloproteinase-9
in the development of diabetic retinopathy and its
regulation by H-Ras. Invest Ophthalmol Vis Sci
2010; 51 (8): 4320-6. doi: 10.1167/iovs.09-4851.

Edmund L, David JN, and Christopher, PP.
Kidney Function Tests. In Tietz textbook of
clinical chemistry and molecular diagnostics.
Burtis CA, (Ashwood RR and Burns DE eds). 4th
ed. Elsevier Saunders Company, St Louis,
Missouri. 2006, pp 653-9.

Takir M, Unal AD, Kostek O, Bayraktar N,
Demirag NG. Cystatin-c and TGF-B levels in
patients with diabetic nephropathy. Nefrologia
2016; 36 (6): 653-9. doi:
10.1016/j.nefro.2016.06.011.

Evans M.D, Cooke MS, Podmore ID, Zheng Q,
Herbert KE, Lunec J. Discrepancies in the
measurement  of  UVC-induced  8-ox0-2’-
deoxyguanosine: implications for the analysis of
oxidative DNA damage. Biochem Biophys Res
Comm 1999; 259: 374-8. doi:
10.1006/bbrc.1999.0801.

Rosa MS, Pinto AM. Cytokines. In: Tietz
textbook of clinical chemistry and molecular
diagnostics. Burtis CA, (Ashwood RR and Burns
DE eds). 4th ed. Elsevier Saunders Company St
Louis, Missouri. 2006, pp 645-744.

Nader R. Lipids, lipoproteins, apolipoproteins,


https://doi.org/10.1155/2017/1092015
https://doi.org/10.2337/db07-1241
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hussein%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=27470412
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahfouz%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=27470412
https://www.ncbi.nlm.nih.gov/pubmed/27470412
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murtaza%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22876598
https://www.ncbi.nlm.nih.gov/pubmed/?term=SOLUBILITY+ENHANCEMENT+OF+SIMVASTATIN%3A+A+REVIEW
https://www.ncbi.nlm.nih.gov/pubmed/29960584
https://www.ncbi.nlm.nih.gov/pubmed/29960584
https://www.ncbi.nlm.nih.gov/pubmed/29960584
https://www.ncbi.nlm.nih.gov/pubmed/29960584
https://doi.org/10.1111/j.1440-1797.2007.00796.x
https://doi.org/10.1006/bbrc.1999.0801

112

31.

32.

33.

34.

35.

36.

37.

38.

39.

Refaat et al., Arch Pharm Sci ASU 4(1): 104-112

and other cardiovascular risk factors. In: Tietz
textbook of clinical chemistry and molecular
diagnostics. Burtis CA, (Ashwood RR and Burns
DE eds). 4th ed. Elsevier Saunders Company St
Louis, Missouri. 2006, pp 911-3.

Ohkawa H, Ohishi N, Yagi K. Assay for lipid
peroxides in animal tissues by the thiobarbituric
acid reaction. Anal Biochem 1979; 95 (2): 351-8.
doi: 10.1016/0003-2697(79)90738-3.

Griffith OW. Determination of glutathione and
glutathione disulfide using glutathione reductase
and 2-vinyl pyridine. Anal Biochem 1980; 106
(1):207-12. doi: 10.1016/0003-2697(80)90139-6.

Jiang X, Wang X. Cytochrome-c-mediated
apoptosis. Annu Rev Biochem 2004; 73: 87-106.
doi:
10.1146/annurev.biochem.73.011303.073706.

Ansque J, Foucher C, Rattier S, Taskinen M,
Steiner G, DAIS Investigators. Fenofibrate
reduces progression to microalbuminuria over 3
years in a placebo-controlled study in type 2

diabetes: results from the Diabetes
Atherosclerosis Intervention Study (DAIS). Am J
Kidney Dis 2005; 45 (3): 485-93. doi:

10.1053/j.ajkd.2004.11.004.

Philips AO, Steadman R. Diabetic nephropathy:
the central role of renal proximal tubular cells in
tubulointerstitial injury. Histol Histopathol 2002;
17: 247-52. doi: 10.14670/HH-17.247.

Rosario RF, Prabhakar S. Lipids, and diabetic
nephropathy. Curr Diab Rep 2006; 6 (6): 455-62.
doi: 10.1007/s11892-006-0079-7.

Dinarello CA. Proinflammatory Cytokines. Chest
2000; 118 (2):503-8. doi:
10.1378/chest.118.2.503.

Glocker EO, Kotlarz D, Klein C, Shah N,
Grimbacher B. IL-10, and IL-10 receptor defects
in humans. Ann NY Acad Sci 2011; 1246: 102-7.
doi: 10.1111/j.1749-6632.2011.06339.x.

Like AA, Rossini AA. Streptozotocin-induced
pancreatic insulitis: new model of diabetes
mellitus. Science 1976; 193 (4251): 415-7. doi:
10.1126/science.180605.

40.

41,

42,

43.

44,

DeRubertis FR, Craven PA. Eicosanoids in the
pathogenesis of the functional and structural
alterations of the kidney in diabetes. Am J Kidney
Dis 1993; 22 (5): 727-35. doi: 10.1016/s0272-
6386(12)80439-2.

Sha J, Sui B, Su X, Meng Q, Zhang C. Alteration
of oxidative stress and inflammatory cytokines
induces apoptosis in diabetic nephropathy. Mol
Med Rep 2017; 16 (5): 7715-23. doi:
10.3892/mmr.2017.7522.

Chuang LY, Guh JY, Liu SF, Hung MY, Liao
TN, Chiang TA, Huang JS,Huang YL, Lin
CF, Yang YL. Regulation of type Il transforming-
growth-factor-beta receptors by protein kinase ¢
iota. Biochem J 2003; 375 (Pt 2):385-93. doi:
10.1042/BJ20030522.

Kluck, RM, Bossy-Wetzel E, Green D R,
Newmeyer DD. The release of cytochrome c from
mitochondria: a primary site for Bcl-2 regulation
of apoptosis. Science 1997; 275 (5303), 1132-6.
doi: 10.1126/science.275.5303.1132.

Shlipak MG, Katz R, Sarnak MJ, Fried
LF, Newman AB, Stehman-Breen C, Seliger
SL, Kestenbaum B, Psaty B, Tracy RP, Siscovick
DS. Cystatin C and prognosis for cardiovascular
and kidney outcomes in elderly persons without
chronic kidney disease. Ann Intern Med 2006;
145 (4): 237-46. doi:10.7326/0003-4819-145-4-
200608150-00003.



https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/0003-2697(80)90139-6
https://doi.org/10.1146/annurev.biochem.73.011303.073706
https://doi.org/10.1053/j.ajkd.2004.11.004
https://doi.org/10.1007/s11892-006-0079-7
https://doi.org/10.1378/chest.118.2.503
https://doi.org/10.1126/science.180605
https://doi.org/10.1016/s0272-6386(12)80439-2
https://doi.org/10.1016/s0272-6386(12)80439-2
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chuang%20LY%5BAuthor%5D&cauthor=true&cauthor_uid=12841849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guh%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=12841849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=12841849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hung%20MY%5BAuthor%5D&cauthor=true&cauthor_uid=12841849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20TN%5BAuthor%5D&cauthor=true&cauthor_uid=12841849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20TN%5BAuthor%5D&cauthor=true&cauthor_uid=12841849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiang%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=12841849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=12841849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20YL%5BAuthor%5D&cauthor=true&cauthor_uid=12841849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20CF%5BAuthor%5D&cauthor=true&cauthor_uid=12841849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20CF%5BAuthor%5D&cauthor=true&cauthor_uid=12841849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20YL%5BAuthor%5D&cauthor=true&cauthor_uid=12841849
https://doi.org/10.1042/BJ20030522
https://doi.org/10.1126/science.275.5303.1132
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shlipak%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=16908914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katz%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16908914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarnak%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=16908914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LF%5BAuthor%5D&cauthor=true&cauthor_uid=16908914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fried%20LF%5BAuthor%5D&cauthor=true&cauthor_uid=16908914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Newman%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=16908914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stehman-Breen%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16908914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seliger%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=16908914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seliger%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=16908914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kestenbaum%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16908914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Psaty%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16908914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tracy%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=16908914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siscovick%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=16908914
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siscovick%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=16908914
https://doi.org/10.7326/0003-4819-145-4-200608150-00003
https://doi.org/10.7326/0003-4819-145-4-200608150-00003

