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ABSTRACT. Objective: The aim of the study was to evaluate a possible effect of atorvastatin on renal interleukins
(ILs) and prostaglandin E2 (PGE2) in type 1 diabetic rats. Methods: Thirty-two male rats from a local Wister-
derived strain were included in this prospective study and were classified into four groups. Each group consisted of
eight animals: Group 1, non-diabetic negative controls; Group 2, diabetic positive controls; Group 3, non-diabetic
rats receiving atorvastatin for 4 weeks; and Group 4, diabetic rats receiving atorvastatin for 4 weeks. At the end
of the designated period, the animals were sacrificed by cervical dislocation, and the kidneys were excised and
homogenized to determine the level of IL-1�, IL-6, IL-10, and PGE2. The study duration was from June 2015 to
May 2016 at Al-Ahlyya Amman University, Amman, Jordan. Results: In the kidneys of rats with streptozotocin-
induced diabets, the levels of cytokines IL-1�, IL-6, IL-10, and PGE2 were significantly elevated above those of the
control group. This clearly showed a detrimental effect of diabetes on the kidney. Treatment of diabetic rats with
atorvastatin caused a decrease in all evaluated cytokines to levels near control values. Conclusion: Our data suggest
that atorvastatin has the potential to protect or attenuate diabetes-induced renal injury. However, the possible
protective effect of atorvastatin should be supported by clinical evidence.
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n diabetes mellitus, long-term damage, dysfunction, and
ailure of different body organs are related to uncontrolled
iabetic condition, with diabetic nephropathy as one of
he major causes of end-stage renal failure and the most
requent cause of mortality in patients with diabetes [1].
espite the evidence now available about the possible role
f oxidative stress in the development of diabetic compli-
ations [2], classical antioxidants have failed to show
onvincing clinical benefits in this area [3]. The inter-
elationship between the biological actions of cytokines
nd oxidative stress has been emphasized. Interleukin-1
IL-1)-induced responses have been reported to occur via
odulating redox equilibrium, whereas the biomarkers and

he signaling of oxidative stress may arise from, or may be
ediated by, cytokine-dependent processes [4, 5].

nflammatory cytokines involved in the pathogenesis of
iabetes play a significant role in the development and
rogression of several renal disorders, including diabetic
ephropathy. The renal effects of inflammatory cytokines
re related to the expression of different molecules;

ntraglomerular hemodynamic abnormalities; alteration
f extracellular matrix; and glomerular basement mem-
ranes, apoptosis and necrosis, endothelial permeability,
xidative stress, and so forth, determining the development
of microvascular diabetic complications, including neu-
ropathy, retinopathy, and nephropathy [6].
IL-1 increases the expression of chemotactic factors and
adhesion molecules, enhances vascular endothelial perme-
ability, and stimulates the proliferation of mesangial cells
and matrix synthesis [7, 8]. IL-1 was first implicated in
the development of diabetic nephropathy when glomeru-
lar basement proteins isolated from streptozotocin-induced
diabetic male rats had significantly greater macrophage,
tumor necrosis factor alpha (TNF-�), and IL-1 production
compared with control rats [9]. IL-1 levels are also ele-
vated in kidneys from male Sprague-Dawley rats treated
with streptozotocin compared with control rats [10], and
renal expression of IL-1 is significantly correlated with
urinary albumin excretion [11].
There are conflicting reports about the impact of treatment
with statins on the diabetic state [12–16]. New-onset dia-
betes has been observed in clinical trials and meta-analyses
involving statin therapy [17]. On the contrary, there have
been claims that rosuvastatin improved the renal function

in diabetic subjects through its antioxidant properties [18].
However, in the prolonged condition of diabetes mellitus,
the effect of statins on glycemic control is small and
unlikely to be clinically important [19].
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ecause statins are used as hypolipidemic agents in dia-
etic subjects, and in view of the conflicting reports on
he effect of this group in diabetes, it would be important
o evaluate their effect on the changes in the renal bio-
hemical mediators in this disease. The possible effects of
torvastatin were evaluated in the present study.

ATERIALS AND METHODS

he present study was conducted in the Faculty of
harmacy and Medical Sciences, Al-Ahliyya Amman Uni-
ersity, Amman, Jordan.
hirty-two male rats from a local Wister-derived strain
eighing 150-180 g were purchased from animal house
nit, Jordan University of Sciences and Technology, Irbid,
ordan. All of the animals were kept under observation
or 1 week before the study with free access to food and
ater. Rats were housed at 22 ± 2 ◦C with a 12 h light-dark

ycle. All of the procedures were performed in accordance
ith the international regulations for the care and use of

aboratory animals.
iabetes was chemically induced by two successive
5 mg/kg intraperitoneal daily doses of streptozotocin
STZ) (Sigma Aldrich Co., St. Louis, MO, USA) in cit-
ate buffer (pH 4.5). The manifestation of diabetes was
onfirmed within 48 h of injection, which was validated
y a blood glucose level above 200 mg% [20].
he rats were divided into the following groups of eight
nimals each:
Group 1: non-diabetic rats serving as negative controls
Group 2: diabetic rats serving as positive controls
Group 3: non-diabetic rats receiving intraperitoneal ator-

astatin (10 mg/kg/day) for 4 weeks
Group 4: diabetic rats receiving intraperitoneal atorvas-

atin (10 mg/kg/day) for 4 weeks
t the end of the designated period the animals were

acrificed by cervical dislocation, and the kidneys were
xcised, washed with ice-cold saline, and stored at −80 ◦C
ntil homogenized. IL-1� (Cat. #: RLB00), IL-6 (Cat. #:
6000B), IL-10 (Cat. #: R1000) [21], and prostaglandin
2 (Cat. #: KGE004B) [22] were determined in the
omogenate by enzyme-linked-immunosorbent serologic
ssay according to the manufacturer’s instructions pro-
ided (R&D Systems, Inc., Minneapolis, MN, USA). Total
rotein in the homogenate was assayed by Lowry’s method
23].
ll data were expressed as mean ± standard devia-
ion. Descriptive statistical analyses were performed using
icrosoft Excel 2010. All analyses and graphics were

erformed using Graphpad prism, 2007 (Graphpad Soft-
are, San Diego, CA, USA). Differences between means

Table 1
Changes in the concentrations of ILs and PGE2 in the kidney of contro

Normal Diabetic

IL-1� (ng/g protein) 34.9 ± 2.66 52.6 ± 7.59*

IL-6 (ng/g protein) 76.8 ± 4.51 110 ± 19.5*

IL-10 (ng/g protein) 41.0 ± 2.74 57.9 ± 12.7*

PGE2 (ng/g protein) 1.17 ± 0.08 1.53 ± 0.12*

Significantly different from normal controls.
Significantly different from diabetic rats.
Figure 1
Effect of treatment with atorvastatin on the level of IL-1 �
(mean ± SD) in the kidney of control and diabetic rats.

were assessed by one-way analysis of variance (ANOVA)
followed by Tukey’s procedure and were considered sta-
tistically significant at p < 0.05.

RESULTS

Changes in renal cytokines as a result of induction of type
1 diabetes and treatment with atorvastatin are presented
in table 1. Induction of diabetes resulted in statistically
significant elevation of all determined IL levels in kidney
tissues. The pro-inflammatory IL-1 increased by 50.7%
(figure 1) and IL-6 by 43.2% (figure 2), whereas the
anti-inflammatory IL-10 increased by 41.2% (figure 3).
An increase of 30.8% was detected for prostaglandin E2
(PGE2) (figure 4).
No statistically significant differences were detected
between the levels of all the determined parameters in the
naive animals and those treated with atorvastatin. However,

following the treatment of diabetic rats, all the deter-
mined parameters tended to go back to levels comparable
with those found in the control animals, with no statisti-
cally significant differences being detected (table 1). IL-1�

l and diabetic rats with and without treatment with atorvastatin.

Atorvastatin Diabetic + atorvastatin

34.0 ± 4.16 36.6 ± 3.86#

71.9 ± 8.76 78.8 ± 5.67#

37.6 ± 4.87 44.5 ± 5.18#

1.08 ± 0.13 1.22 ± 0.12#
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Figure 2

ffect of treatment with atorvastatin on the level of IL-6
mean ± SD) in the kidney of control and diabetic rats.

ecreased by 30.4% below the mean level of the dia-
etic animals (figure 1) and a decrease of about 28.4%
as found with IL-6 (figure 2). The anti-inflammatory

L-10 decreased by 23.1% (figure 3). The level of PGE2
ecreased by 20.3% below that of the diabetic animals
figure 4).

ISCUSSION

ytokines act as pleiotropic polypeptides regulating
nflammatory and immune responses through actions on
ells. They provide important signals in the pathophysiol-
gy of a range of diseases, including diabetes mellitus.
hronic low-grade inflammation and activation of the

nnate immune system are closely involved in the patho-
enesis of diabetes and its microvascular complications.
nflammatory cytokines, mainly IL-1, IL-6, and IL-18, as
ell as TNF-�, are involved in the development and pro-
ression of diabetic nephropathy. In this context, cytokine
enetics is of special interest to combinatorial polymor-
hisms among cytokine genes, their functional variations,
nd general susceptibility to diabetic nephropathy.
inally, the recognition of these molecules as significant
athogenic mediators in diabetic nephropathy opens up the
ossibility of new potential therapeutic targets [24].
ytokine measurements in tissue or in the peripheral circu-

ation have been an important part of the process of defining
he role that various cytokines play in health and disease. It

as been suggested that local cytokine levels and activity
re of considerably greater value for monitoring patholog-
cal events in a target tissue than systemic serum cytokine
evels [25].
Effect of treatment with atorvastatin on the level of IL-10
(mean ± SD) in the kidney of control and diabetic rats.

In the diabetic kidney, all the evaluated cytokines,
IL-1�, IL-6, IL-10, and PGE2, were significantly elevated
above the levels of the control group. It has been reported
that some cytokines induce inflammation whereas oth-
ers suppress inflammation. This concept is fundamental
to cytokine biology and also to clinical medicine. Pro-
inflammatory cytokine-mediated inflammation involves
a cascade of gene products that are stimulated by
IL-1, whereas anti-inflammatory cytokines, including
IL-10, block or at least suppress the intensity of the cas-
cade. It has been proposed that the biological activities
of IL-10 in modulating inflammation may be caused, in
part, by down-regulation of pro-inflammatory cytokines
and the expression of their receptors and up-regulation of
cytokine inhibitors [26]. Some studies have suggested that
susceptibility to a disease is genetically determined by the
balance between pro-inflammatory and anti-inflammatory
cytokines [27].
Within a few minutes after binding to cells, IL-1 induces
several biochemical events. One of the more universal
activities of IL-1 is the induction of gene expression of
cyclooxygenase-2 (COX-2). Once triggered, COX-2 pro-
duction is elevated for several hours and large amounts
of PGE2 are produced in cells stimulated with IL-1 [28].
This was observed in the present study by the concomi-
tant elevation of PGE2 and IL-1. A broad spectrum of
mediators regulates the expression of COX-2. Although
pro-inflammatory cytokines such as IL-1� and IL-6,

among other factors, induce COX-2, the anti-inflammatory
cytokine IL-10 inhibits the expression of this enzyme [29].
PGE2 is one of the most abundant prostaglandins produced
in the body and exhibits versatile biological activities.
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Figure 4
ffect of treatment with atorvastatin on the level of PGE2

mean ± SD) in the kidney of control and diabetic rats.

nder physiological conditions, PGE2 is an important
ediator of many biological functions including regulation

f immune responses [30]. Dysregulated PGE2 synthesis
r degradation has been associated with a wide range of
athological conditions [31]. It may, therefore, be involved
n the mechanism of diabetes-induced renal injury, and
he possible protective role of atorvastatin in this respect
hould be further elucidated.
n conclusion, despite the lack of clinical data, the results
f the present study suggest that atorvastatin has the
otential to protect or attenuate diabetes-induced renal
njury through preventing elevation of proinflammatory
ytokines levels and maintaining them at near-control
alues.

isclosure. Financial support: none. Conflict of interest: none.

EFERENCES

1. Ota T, Takamura T, Ando H, Nohara E, Yamashita H, Kobayashi
K. Preventive effect of cerivastatin on diabetic nephropathy through
suppression of glomerular macrophage recruitment in a rat model.
Diabetologia 2003; 46: 843-51.

2. Cerello A. Controlling oxidative stress as a novel molecular approach
to protecting the vascular wall in diabetes. Curr Opin Lipidol
2006; 17: 510-8.

3. Shelton RJ, Velavan P, Nikitia NP, et al. Clinical trials update

from the American Heart Association meeting: ACORN-CSD pri-
mary care trial of chronic disease management, PEACE, CREATE,
SHIELD, A-HeFT, GEMENI, vitamin E meta-analysis, ESCAPE,
CARP and SCD-HeFT cost-effectiveness study. Eur J Heart Fail
2005; 7: 127-35.
A.D. Maraqa

4. Rovin BH, Dickerson JA, Tan LC, Fassler J. Modulation of IL-1-
induced chemokine expression in human mesangial cells through
alterations in redox status. Cytokine 1997; 9: 178-86.

5. Pena LR, Hill BB, McClain CJ. Treatment with glutathione precur-
sor decreases cytokine activity. J Parenter Enteral Nutr 1999; 23:
1-6.
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