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The effects of polymicrobial sepsis with diabetes mellitus on kidney 
tissues in ovariectomized rats
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ABSTRACT

Objectives: Sepsis model was used to understand the role of sustained hyperglycemia and ovariectomy,
either separately or concomitantly, on the response of the activity of the nuclear factor kappa B (NF-kB) and
the oxidative response in kidney. Subjects: Polymicrobial sepsis was induced by cecal ligation and puncture
(CLP). Diabetes was induced in female rats using administration of alloxan. The rats were divided into five
groups: sham control (group 1), ovariectomy (group 2), ovariectomy + sepsis (group 3), ovariectomy + diabetes
(group 4), and ovariectomy + diabetic + sepsis (group 5). Results: In kidney tissues, the levels of lipid peroxi-
dation (LPO) and glutathione (GSH) and the activity of catalase (CAT) were higher for groups 3, 4, 5 than the
control groups. Superoxide dismutase (SOD) activity was lower for groups 3, 4, 5 than the control groups. We
determined that CLP produced injury evident in the kidneys of rats when compared to the control group,
whereas the severity of the injury was higher in the diabetes + ovariectomy + CLP group when compared to
the CLP group. In immunohistochemical staining, we determined that CLP operation increased NF-kB activa-
tion. In the ovariectomized, septic, and diabetic group, NF-kB activation was significantly higher than other
groups. Conclusions: Hyperglycemia and ovariectomy severely increased NF-kB activation and oxidant levels
with the stages of our sepsis model. Ovariectomy resulted in general changes in metabolism, which are seen
in the kidney with diabetes under sepsis conditions.
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INTRODUCTION

Sepsis can lead to multiple organ failure and is char-
acterized by decomposition of the inflammatory
response. This continues to be the most common
cause of mortality and morbidity in intensive care
units.1 Sepsis gives rise to acute kidney injury (AKI)
and patients with both sepsis and AKI have an espe-
cially high mortality rate. Severe sepsis, including
renal and hepatic failure, occurs in 750,000 patients
per year in the United States.2 Sepsis is a contribut-
ing factor in 48% of patients with AKI.3,4 Nuclear

factor kappa B (NF-kB) is an inducible nuclear transcrip-
tion factor that plays a central role in regulating the tran-
scription of several genes, including those that encode the
proinflammatory cytokines, such as tumor necrosis factor
a (TNF-a), interleukin-6(IL-6), adhesion molecules, and
additional proinflammatory mediators, involved in severe
sepsis, septic shock, acute respiratory distress syndrome
(ARDS), and acute lung injury (ALI).5,6

Estrogens exert profound effects on the growth, dif-
ferentiation, and function of many reproductive tis-
sues. They also affect other tissues, including bone,
liver, cardiovascular system, and brain. Recent studies
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have determined the association between oxidative status
and gonadal hormones.7,8 The antioxidant enzyme
system seems to be affected in this phase due to estrogen
deficiency. Estrogen protects women against various dis-
eases such as osteoporosis, atherosclerosis, and neurode-
generative diseases through various mechanisms.9 The
relative estrogen deprivation in postmenopausal women
is associated with physiological changes such as an
increased level of reactive oxygen species (ROS) and
increased risk of several diseases, including cardiovascular
disease and osteoporosis.10,11 The beneficial effects of
estrogen might be attributable to its antioxidant proper-
ties.12 Estrogen deficiency in postmenopausal women
leads to oxidative stress and becomes the cause of various
pathologies because of the release of free radicals or ROSs
including superoxide, hydroxyl radical, hydrogen perox-
ide, peroxynitrite, hypochlorous acid, and lipid radicals.13

Furthermore, in animal models, the bilateral ovariectomy
was shown to impair insulin sensitivity and glucose
metabolism. This is a harmful metabolic effect that is
reversed by the chronic administration of estrogens.14,15

According to this data, short-term administration of
estrogen was found to improve proteinuria and creatinine
clearance in diabetic and hypertensive postmenopausal
women.16 Another study supports the beneficial effect of
estrogens on insulin action, which was demonstrated to
be greater in premenopausal women.17,18 In this study,
an animal model of ovariectomy with sepsis and diabetes
was used to investigate the effects on immunologic
response, mortality, and tissue oxidant status.

Alloxan-induced diabetic rats are frequently used to
study insulin-dependent diabetes in animal studies.19

Diabetes mellitus (DM) is a metabolic disorder char-
acterized by hyperglycemia, which is caused by insulin
deficiency.

In evaluating the overall related literature, it is clear
that there are not enough studies focusing on the
effects of ovariectomy on diabetes and sepsis in the
kidney tissues of rats. The rat intra-abdominal sepsis
model is considered to be a simple and enforceable
model in rats. In this study, this model was used to
understand the role of sustained hyperglycemia and
ovariectomy, either separately or concomitantly, on
the response of NF-kB activation and oxidative
response. The stated hypothesis was that ovariectomy
may induce variations in antioxidant/oxidant status
and in NF-kB activation detected in rat kidney tissues
in animal models of diabetes and/or sepsis.

MATERIALS AND METHODS

Animals
In this study, 75, twelve-week-old, female Wistar rats
were used for all experiments, each weighing 220–240 g.

They were obtained from the Experimental Animal
Laboratory of Medicinal and Experimental Applica-
tion and Research Center at Ataturk University
(ATADEM). Animal experiments and procedures
were performed in accordance with the national
guidelines for the use and care of laboratory animals
and were approved by the local animal care commit-
tee at Ataturk University.

Chemicals
All chemicals for laboratory experimentation were pur-
chased from Sigma Chemical Co. (Steinheim, Germany).

Experimental design
The rats were divided into five groups, each containing
15 rats: sham operated control (group 1), ovariectomy
(group 2), ovariectomy + diabetes (group 3), ovariec-
tomy + cecal ligation and puncture (CLP)-induced
sepsis (group 4), and ovariectomy + diabetes + CLP
(group 5). The groups were maintained separately in
different cages. After ovariectomy surgery (in groups
2, 3, 4, and 5), all groups of rats were allowed to
recover for 3 months (groups 1, 2, 3, 4, and 5).
Groups 3 and 5 were administered alloxan for the
induction of diabetes after the recovery period.
Finally, all groups of rats were allowed to recover for 1
month (groups 1, 2, 3, 4, and 5) (Table 1).

Alloxan-induced diabetes
Diabetes was induced in the female Wistar albino rats by
intraperitoneal administration of aqueous alloxan mono-
hydrate (Sigma-Aldrich Co., Steinheim, Germany) at a
single dose of 150 mg/kg body weight, as previously
described.20 Alloxan was dissolved in 0.9% NaCl solu-
tion, freshly prepared, and injected intraperitoneally to
rats that had fasted for one night. In the nondiabetic
group, the same volume of a 0.9% NaCl solution was
injected intraperitoneally. Following alloxan adminis-
tration, the pancreas secretes insulin at high levels and
fatal hypoglycemia can occur. To prevent this adverse
affect, 4–6 h after alloxan treatment, 5 mL of 20% glu-
cose solution was injected intraperitoneally. Subse-
quently, 5% glucose solution was added to the drinking
water of the rats for 24 h to prevent possible hypoglyce-
mia. Fasting blood samples were collected 72 h later
through the tail vein, and blood glucose levels were
measured using an Accu-Check Active blood glucose
monitor. At the end of the third day, animals having
serum glucose levels higher than 200 mg/dL were con-
sidered diabetic and were included in the study. Body
weight, blood glucose, and appetite were monitored 30
days after alloxan injection. Daily food intake of the rats
was decreased and related weight loss was observed
(Table 2). However, blood glucose levels were always
greater than 200 mg/dL during the experiment.
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Ovariectomy surgery
During the acclimatization period, the rats were fed a
standard commercial rat diet. One week before start-
ing the experiment, four groups of animals, or 60 rats
in total, underwent bilateral ovariectomy. For this pro-
cedure, the animals were anesthetized with 25 mg/kg
sodium thiopental and injected intraperitoneally. A
longitudinal incision (0.5–1 cm) was made in the mid-
line area of the lower abdomen and the ovaries were
removed.

Sepsis model
CLP model was applied in the rats as described by
Wichterman, with minor modification.21 Anesthesia
was induced by intraperitoneal administration of
sodium thiopental 25 mg/kg. After shaving the abdo-
men, the peritoneum was opened. Once the dia-
phragm exposed the abdominal organs, the cecum was
isolated and ligated with a 3-0 silk ligature, just distally
to the ileocecal valve. Two punctures were made
through the cecum distally using a 12-gauge needle to
the point of ligation, and the cecum was returned to
the peritoneal cavity. The abdominal incision was then
closed with a 4/0 sterile synthetic absorbable suture. A
laparotomy was performed on animals in the sham-
operated group and the cecum was manipulated, but

not ligated or perforated. All animals were adminis-
tered 2 mL/100 g body weight of normal saline subcu-
taneously at the time of surgery and also at 6 h
postoperatively for fluid resuscitation. Postoperatively,
the rats were deprived of food, but had free access to
water for the next 20 h until they were killed.

All five groups of rats were killed 20 h later by an
overdose of a general anesthetic (sodium thiopental,
50 mg/kg). The kidneys were rapidly removed from all
rats and washed in ice-cold saline. They were labeled
and stored at −80°C until analysis. At the end of the
experiment, 10 rats remained in the OVX+CLP
group, nine rats in the DM+OVX+CLP group, 15 rats
in the sham-operated group, and 15 rats in the OVX
group. Samples from dead animals were not processed
for histopathology, serum examination, and biochem-
istry. Thus, nine randomized animals were selected
from each group for further experiments.

Biochemical investigation of kidney tissues
After macroscopic analyses, superoxide dismutase
(SOD), catalase (CAT), lipid peroxidation (LPO)
activity, and glutathione (GSH) enzyme levels were
determined in rat kidney tissues. To prepare the tissue
homogenates, tissues were macerated with liquid
nitrogen in a mortar. The ground tissues (0.5 g each)
were subsequently treated with 4.5 mL of the appro-
priate buffer. The mixtures were homogenized on ice
using an Ultra-Turrax Homogenizer for 15 min. The
homogenates were filtered and centrifuged by a refrig-
erated centrifuge at 4°C. These supernatants were
then used for the determination of enzymatic activi-
ties. All assays were performed at room temperature in
triplicate.
SOD activity. Measurements were performed accord-
ing to Sun et al.22 SOD estimation was based on the
generation of superoxide radicals produced by
xanthine and xanthine oxidase, which react with
nitro blue tetrazolium (NTB) to form formazan dye.

TABLE 1. Experimental protocol of rat groups.

Groups 1st day 2–120th day
121–124th 

day
124–154th day 155th day

155th day and 
20th hour

1 Sham Waiting period I.P. thiopental 
disodium 
50 mg/kg2 Ovariectomy

Ovariectomy 
surgery

Waiting period

3 Ovariectomy + diabetes
Ovariectomy 

surgery
Waiting period Diabetes induction

Waiting 
period

4 Ovariectomy + sepsis
Ovariectomy 

surgery
Waiting period

Sepsis 
induction

5 Ovariectomy + diabetes + sepsis
Ovariectomy 

surgery
Waiting period

Diabetes 
induction

Waiting period
Sepsis 

induction

TABLE 2. Differences between weights of the rats after waiting
period.

Initial 
weight

Final 
weight

Difference 
(%)

Sham 221 261 18.10

Ovariectomy 215 279 29.77

Ovariectomy + diabetes 225 195 −13.33

Ovariectomy + sepsis 219 280 27.85

Ovariectomy + diabetes + sepsis 226 201 −11.06
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SOD activity was then measured at 560 nm by the
degree of inhibition of this reaction, and was expressed
as millimole per minute per milligram of tissue (mmol/
min/mg tissue).
CAT activity. Decomposition of H2O2 in the pres-
ence of CAT was performed at 240 nm.23 CAT activ-
ity was defined as the amount of enzyme required to
decompose 1 nm of H2O2 per minute at 25°C and pH
7.8. Results are expressed as millimole per minute per
milligram of tissue (mmol/min/mg tissue).
Determination of LPO. LPO in tissue was deter-
mined by estimating the level of malondialdehyde
(MDA) using the thiobarbituric acid test.24 The rats’
stomachs were promptly excised and rinsed with cold
saline. To minimize the possibility of interference of
hemoglobin with free radicals, any blood adhering to
the mucosa was carefully removed. The corpus mucosa
was scraped, weighed, and homogenized in 10 mL of
100 g/L KCl. The homogenate (0.5 mL) was added to
a solution containing 0.2 mL of 80 g/L sodium lauryl-
sulfate, 1.5 mL of 200 g/L acetic acid, 1.5 mL of 8 g/L
2-thiobarbiturate, and 0.3 mL distilled water. The
mixture was incubated at 98°C for 1 h. Upon cooling,
5 mL of n-butanol : pyridine (15 : l) was added. The mix-
ture was centrifuged for 30 min at 4000 rpm (2860 × g).
The supernatant was measured at 532 nm and a stan-
dard curve was obtained using 1,1,3,3-tetramethox-
ypropane. The recovery was over 90%. The results
were expressed as nanomole of MDA per gram of tis-
sue (nmol MDA/g).
GSH determination. The amounts of GSH in the
tissues were measured according to the method of
Sedlak and Lindsay.25 The mucosal surface of the
stomach was collected by scraping and was then
weighed and homogenized in 2 mL of 50 mM
Tris-HCl buffer containing 20 mM EDTA and 0.2 M
sucrose, pH 7.5. The homogenate was immediately
precipitated with 0.1 mL of 25% trichloroacetic acid
and the precipitate was removed after centrifugation at
4200 rpm (3150 × g) for 40 min at 4°C. The superna-
tant was used to determine GSH using 5,5′-dithiobis
(2-nitrobenzoic acid). Absorbance was measured at
412 nm using a spectrophotometer. The results of the
GSH levels in the tissues were expressed as nanomoles
per milligram of tissue (nmol/mg tissue).
Determination of serum enzymes. The separated
serums were used for the determination of blood urea
nitrogen (BUN) and creatinine activities with an
autoanalyzer (Cobas C-501, Roche Diagnostics, USA).

Histological procedures
Microscopy. The kidney samples for light micro-
scopic examination were fixed in 10% formaldehyde,
dehydrated in a graded alcohol series, and cleared in
xylol. After dehydration, specimens were embedded in

fresh paraffin (Agar, Istanbul, Turkey). Sections were
cut using a microtome (Leica, Istanbul, Turkey). Each
paraffin block was serially cut into 5-μm thickness.
The sections were stained with hematoxylin–eosin
(HE) for light microscopic examination.
Immunohistochemical staining of NF-kB.
Paraffin-embedded kidney samples were used for NF-kB
immunohistochemistry. Tissue sections of 5 μm were
deparaffinized in xylene and rehydrated in ethanol fol-
lowed by water and phosphate-buffered saline (PBS).
Endogenous peroxidase was blocked by immersion in
3% hydrogen peroxide. The tissue sections were incu-
bated with an NF-kB antibody (Dako, Istanbul,
Turkey) at a concentration of 5 μg/mL for 1 h at room
temperature. Control sections were incubated with
PBS containing normal goat serum without a primary
antibody. Immunostaining was detected with a
streptavidin–biotin complex (SABC) kit (Dako,
Istanbul, Turkey) and developed with diaminobenzi-
dine tetrahydrochloride. The sections were counter-
stained with Mayer’s hematoxylin followed by light
microscopy.

Statistical analysis
Statistical analysis of oxidant and antioxidant enzymes
was conducted using one-way analysis of variance
(ANOVA) followed by Duncan’s multiple range test
(DMRT) using the SPSS software package, version
12.00, and were considered significant at p < 0.05. All
results were expressed as mean ± SE for the nine rats
in each group.

RESULTS

Mortality
In the ovariectomized and septic group, 5 out of the
15 rats (33%) died between 12 and 20 h after
CLP-induced sepsis and in the diabetes + sepsis +
ovariectomy group, 6 (6/15) or 40% of the rats died
between 6 and 20 h. No mortality was observed in
the control group or in the diabetes control group
during CLP.

Biochemical results for oxidant and antioxidant 
levels of kidney tissue in rats
Effects of diabetes and sepsis on CAT and SOD
enzyme activities and LPO and GSH levels in ovariec-
tomized rat kidney tissue are demonstrated in Table 3.
The CAT activity and LPO and GSH levels were
increased, and SOD activity was decreased in the ova-
riectomized group when compared to the control groups
(p < 0.05). Similarly, both sepsis and diabetes treat-
ments exhibited an increase in the activity of CAT and
in the amounts of LPO and GSH and demonstrated a
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decrease in SOD activity when compared to the ova-
riectomized group (p < 0.05). Ovariectomy signifi-
cantly increased CAT activity in rat kidney tissue
versus the control group. The enzyme activity also
showed a significant increase in kidney tissues in dia-
betic, septic, and diabetic–septic ovariectomized rats.
The highest activity was measured in diabetic ovariec-
tomized rats. Ovariectomy, diabetes, and sepsis
decreased SOD activity significantly. The lowest SOD
activity was measured in the diabetic–septic ovariecto-
mized rat group. Ovariectomy, sepsis, and diabetes
increased both LPO and GSH levels as compared to
rats in the control group. The lowest LPO and GSH
levels were measured in the control group, whereas the
greatest levels were determined in diabetic–septic ova-
riectomized rats.

Effects of diabetes and/or sepsis in CLP-induced 
sepsis of rats on serum glucose, BUN, creatinine, 
and weight
As illustrated in Figure 1 and Table 2, alloxan-treated
animals increased blood glucose levels and reduced
weight significantly when compared with the control
group. The effects of sepsis and diabetes on the serum
enzymes BUN and creatinine are shown in Figure 2A
and B. Alloxan administration significantly increased the activities of the serum enzymes when compared

with the control (p < 0.01). The greatest production of
BUN and creatinine serum levels was observed in the
group that experienced diabetes + ovariectomy +
CLP-induced sepsis (p < 0.01). Additionally, the
sepsis + ovariectomy treated group significantly
increased the activities of the serum enzymes when
compared with the control (p < 0.01).

Histopathological results
Conventional light microscopic examination
The kidneys removed from control rats consisted of
the cortex and the medulla. The renal cortex of the
control rats was composed of glomeruli, blood vessels,
tubules, and interstitium. When evaluating these renal

TABLE 3. The effects of ovariectomy on total glutathione (GSH), lipid peroxidation levels, enzymatic activities of LPO, catalase
(CAT), and superoxide dismutase (SOD) of sepsis, diabetes, and sepsis and diabetes on kidney tissues of rats.

Kidney tissues N
CAT activity 

(mmol/min/mg tissue)
SOD activity 

(mmol/min/mg tissue)
Amount of LPO 
(nmol/g tissue)

Amount of GSH 
(nmol/mg tissue)

Sham 9 92.3 ± 0.5a 158.3 ± 0.5e 15.25 ± 0.15a 3.46 ± 0.04a

Ovariectomy 9 96.9 ± 0.4b 129.4 ± 0.6d 52.61 ± 0.84b 3.70 ± 0.02b

Ovariectomy + diabetes 9 99.3 ± 0.3c 102.6 ± 0.3c 86.93 ± 2.77d 4.84 ± 0.01e

Ovariectomy + sepsis 9 110.0 ± 1.0e 59.7 ± 0.2b 77.04 ± 0.22c 4.76 ± 0.01c

Ovariectomy + diabetes + sepsis 9 104.4 ± 1.0d 45.3 ± 0.7a 105.42 ± 0.37e 4.92 ± 0.01d

Notes: Means in the same column by the same letter are not significantly different to the one way ANOVA–Duncan test (a = 0.05).
Results are means ± SE. N: Number of animals.

FIGURE 1. Blood glucose levels of the rats after waiting period. 
*p < 0.05 when compared to sham group.
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specimens using light microscopy on HE-stained sec-
tions, the overall cellularity and the symmetry of the
glomeruli were detected. Renal tubules formed as the
proximal tubule and the distal tubule. The walls of all
kinds of tubules were formed by continued cells.
Among tubular structures, very little interstitium was
present in the cortex (Figure 3A and B).

Light microscopic findings of kidney sections from
ovariectomized, septic, and diabetic rats were summa-
rized as follows. In the ovariectomized group, irregu-
larity of tubules, especially proximal tubules were
observed (Figure 3C and D).

In the diabetic group, destruction in the proximal
tubules was greater than in the ovariectomized
group. Tubular integrity was lost and the apical por-
tions of the proximal tubules were vascularized.
Sclerotic glomeruli, hyaline accumulation, and mild
inflammatory cell infiltration were observed in this
group (Figure 4A and B).

In septic rats, faint apical degenerations in proximal
tubules occurred, but they were not as prominent as in
the diabetic rats. Additionally, inflammatory cell infil-
tration was observed in the perivascular region and
glomerular capillaries were dilated (Figure 4C and D).

In ovariectomized and diabetic rats, the glomerular
capillaries were dilated, both proximal and distal
tubules degenerated, the structure of the proximal
tubules was disrupted, and hydropic degeneration was
observed in distal tubule cells (Figure 5A and B).

In ovariectomized and septic rats, subcapsular,
localized, diffuse inflammatory cell infiltration was
detected. Moreover, in the periarteriolar region,
inflammatory cell infiltration was noted in the nodular
form. Glomeruli in this group showed capillary dilation

and segmental necrosis. Distal tubules exhibited
hydropic degeneration and the apical surface of the
proximal tubule was irregular. A few erythrocytes were
present among the cortical tubules (Figure 5C and D).

In both diabetic and septic rats, dilatation was
observed especially in the branches of cortical vessels.
Inflammatory cell infiltrations were nodular in form
and some diffuse infiltration sites were defined at the
periphery of glomeruli. In addition, capillary dilata-
tion and mild congestion were defined in glomeruli
(Figure 5E and F).

When sections of ovariectomized, septic, and dia-
betic rats were evaluated histologically, glomerular
capillaries were dilated and sclerotic, or fully degener-
ated glomeruli were observed. Some glomeruli were
infiltrated by inflammatory cells. In most areas, not
only proximal but also distal tubules were degenerated
and their integrities were lost. Proteinaceous or eosi-
nophilic materials were accumulated in urinary spaces
and between cortical tubules. Extramesangial cells
were proliferated and multiple giant cells were found.
In the cortex, nodular and diffuse inflammation sites
were observed (Figure 6A–F).

Immunohistochemical results
NF-kB activation and subsequent induction of
expression of multiple proinflammatory molecules is
considered to be central to the pathogenesis of renal
inflammation. NF-kB phosphorylation is a prerequi-
site and a marker for NF-kB activation.26 NF-kB

FIGURE 3. Light microscopy of kidney in the control (A, B)
and the ovariectomy group (C, D). gl, glomerulus; d, distal
tubules; p, proximal tubules; t, collecting tubules; dye: hematoxy-
lin–eosin; magnification bars: 40 μm.

FIGURE 4. Light microscopy of kidney in the diabetes (A, B)
and sepsis group (C, D). gl, glomerulus; p, proximal tubules;
asterisk, reduced glomerulus; underlined asterisk, inflammatory
cell infiltrations at nodular form; arrow, proximal tubules with
apical degenerations; arrow with double head, inflammatory
cell infiltrations at diffuse form; asterisk with white filling,
proximal tubule with integrity loss; arrow head, eosinophilic
accumulations in intertubular area; dye: hematoxylin–eosin;
magnification bars: 40 μm.
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activation was examined in vitro in kidneys obtained
from ovariectomy, septic, and diabetic models or
binary/triplicate combinations by using a specific kit
for phosphorylated NF-kB p65 (p-p65). By immuno-
histochemistry, kidneys from control rats displayed the
smallest positive staining for activated NF-kB, prima-
rily located in the basal cytoplasm of tubular epithelial
cells (Figure 7A and B).

Ovariectomized, septic, and diabetic rats, alone or
in combination, demonstrated NF-kB activation
(Figures 7–9). The maximal p65 expression was
detected in the ovariectomized, septic, and diabetic
group (Figure 9A–D). The p65 subunit of the NF-kB
complex was sparsely expressed in the tubules of only
ovariectomized (Figure 7C and D) and only diabetic
rats (Figure 7G and H). Virtually no cells appeared
in the glomerular or interstitial areas in these views.
In septic rats, tubular p65 expression was also scant,
but it was greater than in the only ovariectomized and
in the only diabetic groups (Figure 7E and F). When
the effects of binary combinations of ovariectomy,

sepsis, and diabetes on NF-kB activation were evalu-
ated immunohistochemically, many p65-positive cells
were observed, especially in the apical surface of tubu-
lar cells and in the cytoplasm and nuclei of extrame-
sangial cells in ovariectomized and diabetic rats
(Figure 8A and B). The positivity of p65 was increased
in kidneys of ovariectomized septic rats relative to
those of ovariectomized diabetic rats (Figure 8C
and D). Nevertheless, p65-positive mesangial cells
were observed in glomeruli of ovariectomized septic
rats (Figure 8C and D).

Among the binary groups of treatments, the great-
est NF-kB expression was found in tubule and
extramesangial cells of the septic and diabetic group
(Figure 8E and F). Finally, in the ovariectomized, sep-
tic, and diabetic group, NF-kB activation was signifi-
cantly greater than in other groups (Figure 9A–D).
Positivity was detected in glomeruli, tubules, and
extramesangial cells (Figure 9A–D).

DISCUSSION

In this study, the rat intra-abdominal sepsis model was
used to understand the role of sustained hyperglyce-
mia and ovariectomy, either separately or concomi-
tantly, on the response of NF-kB activation and
oxidative response on kidney tissues in rats. Sepsis is a
leading cause of renal failure.27,28 To explore this
hypothesis, CLP was induced in a rat model of
alloxan-induced diabetes in ovariectomized rats. This
sepsis model was induced by ligation and perforation,
which mimicked the clinical situation of bowel perfo-
ration and bacterial infection in humans.21,29 The
hyperdynamic phase was demonstrated to persist from
2 to 10 h and the hypodynamic phase occurred at 16 h
and lasted until 20 h after CLP.30

In this study, the late phase of sepsis was accepted
to be equal to the experimental model at the 20th
hour. The changes in serum BUN and creatinine lev-
els were examined following CLP. The study indicated
that in the CLP-induced sepsis + ovariectomy +
diabetes group, serum BUN and creatinine levels were
significantly increased when compared to the control,
ovariectomy + diabetes and ovariectomy only groups.
Diabetes + ovariectomy caused a significant increase
in serum levels of serum BUN and creatinine levels in
comparison to the control group. The results of this
study clearly indicated that diabetes and sepsis mark-
edly increased both the plasma BUN and creatinine
levels.

In female rats, ovariectomy is a commonly used ani-
mal model for examining the effects of estrogen insuf-
ficiency and metabolic consequences that artificially
induce a marked reduction in endogenous estrogen

FIGURE 5. Light microscopy of kidney in the ovariectomy and
diabetes (A, B) and ovariectomy and sepsis (C, D), and diabetes
and sepsis group (E, F). gl, glomerulus; asterisk, glomerulus with
segmental necrosis; double asterisks, inflammatory cell infiltra-
tions at diffuse form; thick arrow, inflammatory cell infiltrations
at nodular form; thin arrow, cells of distal tubules with hydropic
degenerations ; arrow with double head and inset of E, proximal
tubules with apical degenerations, asterisk with white filling,
glomeruli which their capillaries were congested arrowhead,
erythrocytes in inter-tubular area; dye: hematoxylin–eosin; mag-
nification bars: 40 μm.
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concentrations.31 Additionally, many of the problems
associated with DM involve inflammation, sepsis, tis-
sue damage, and oxidative stress. Hyperglycemia plays
a significant role in the development of postoperative
infections.32 Furthermore, Leonidou et al.33 demon-
strated that hyperglycemia due to stress is associated
with increased cytokine production following sepsis. In
this study, it was demonstrated that DM, combined
with ovariectomy, augmented the levels of oxidant in
kidney tissue. They also exacerbate oxidative injury, as
assessed by increased levels of LPO and GSH in a
CLP-induced sepsis model. Rat exposure to CLP-
increased LPO levels in the kidney tissue thereby indi-
cated the infiltration of polymorphonuclear neutro-
phils and the development of oxidative tissue injury.

LPO, as a marker of oxidative damage, can cause
changes in membrane fluidity and permeability and
thus increase the rate of protein degradation, which
will eventually lead to cell lysis.34 Increased concentra-
tions of tissue LPO levels are found in sepsis induced
by cecal ligation and perforation in rats and
humans.35,36

In this study, the LPO levels significantly increased
in kidney tissue. The increases were greater after dia-
betes and ovariectomy in septic rats. This observation
is in agreement with previous studies, which showed
increased levels of lipid products as a result of oxida-
tive stress.37,38

Furthermore, it was found that ovariectomy and
diabetes increased LPO levels, which suggested that

by abolishing cellular integrity, ovariectomy and dia-
betes could augment sepsis-induced organ damage.

Various studies have focused on ovariectomy-induced
LPO in various tissues, such as the liver and kidneys,
which caused a decline in ovarian hormones. In con-
trast, female gonadal hormones protect against oxidative
stress by activating the antioxidant system.39,40

GSH is an important constituent of the intracellular
protective role against oxidative stress. However,
reduced GSH, as the primary component of the
endogenous nonprotein sulfhydryl pool, is bonded to a
variety of electrophilic radicals.41 Recent studies have
shown that serum GSH decreased in adults and chil-
dren with septic shock.42 GSH depletion, which is
often associated with sepsis, was suggested to be detri-
mental, impairing the host response to infection.43

In this study, the levels of GSH were significantly
increased in the kidney tissues studied. The increases
were greater in treatments having diabetes in addition
to ovariectomy in septic rats. We suggested that the
increase in GSH level may be a response of kidney tis-
sue as augmentation of antioxidant defense mecha-
nisms against increased oxidative stress.

In this study, the levels of CAT and SOD were sig-
nificantly increased in the kidney tissues studied.
Souza et al.44 showed an increase of macrophage CAT
activity, probably to prevent oxidative damage second-
ary to CLP in rats. In contradistinction to SOD activi-
ties in kidney tissues, this study showed that the SOD
activities were significantly decreased in kidney tissues

FIGURE 6. Light microscopy of kidney in the ovariectomy, sepsis and diabetes group (A–F). gl,
glomerulus; sg, sclerotic glomeruli; gn, glomerulonephritis; asterisk, proteinous accumulations in
inter-tubular area and urinary space; double asterisks, inflammatory cell infiltrations at diffuse
form; underlined asterisk, proximal tubule with integrity loss; thick arrows, proliferating extra-
mesangial cells in cortex; thin arrow, giant cells in cortex; inset of A, glomeruli with dilated
capillary; inset of C, reduced glomerulus; inset of E, degenerated tubules; dye: hematoxylin–
eosin; magnification bars: 40 μm.
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studied. The decrease was greater after diabetes in
addition to ovariectomy in septic rats.

In physiological conditions, small amounts of gen-
erated ROSs are neutralized by antioxidative factors.
When ROS generation increases, antioxidant defense
systems fail and damage occurs. This may explain why
the GSH levels and SOD activities decreased in the
kidney tissue. The decrease in SOD and increase in
the GSH and LPO level provoked the increase of
markers of kidney damage, such as BUN and creati-
nine. This point of view is based at least partially in the
important role of the antioxidant enzymes (SOD,
CAT, and GSH) on the molecular control of ROSs
and the prevention of their deleterious effects.45

Potential effects of diabetes and ovariectomy on
CLP-induced sepsis have also been detected in the

histological and immunohistochemical findings. CLP
was determined to produce evident injury in the kid-
neys of rats when compared with the control group,
whereas the severity of the injury was greater in the
diabetes + ovariectomy + CLP group when compared
to the CLP group. In immunohistochemical staining,
we determined that the CLP operation increased
NF-kB activation. However, in CLP-operated and
alloxan-administered rats, NF-kB positivity was
increased relative to the CLP group. Although diabe-
tes and ovariectomy effectively increased NF-kB acti-
vation in our models, the effects of these treatments
potentially worsened with sepsis. The effects of inhib-
iting a mediator as central to the inflammatory
response as NF-kB during sepsis and septic shock may
be complex and difficult to predict. In the ovariecto-
mized, septic, and diabetic group, NF-kB activation
was significantly greater than in other groups.

NF-kB activation and the subsequent induction of
the expression of multiple proinflammatory molecules
are considered to be central to the pathogenesis of
inflammation.26 NF-kB activation and subsequent

FIGURE 7. Immunohistochemical staining of NF-k B (p65) in
tissue sections of control (A, B), ovariectomy (C, D), sepsis (E,
F), and diabetes (G, H) groups. gl, glomerulus; d, distal tubules;
p, proximal tubules; t, collecting tubules; positivity was seen in
especially cytoplasmic pattern of tubular cells in ovariectomy
(C, D), sepsis (E, F; the most expression of p65), and diabetes
(G, H) groups; magnification bars: 30 μm.

FIGURE 8. Immunohistochemical staining of NF-kB (p65) in
tissue sections of ovariectomy–diabetes (A, B), ovariectomy–
sepsis (C, D), and diabetes–sepsis (E, F) groups. gl, glomerulus;
d, distal tubules; p, proximal tubules; t, collecting tubules;
arrows indicate extramesangial cells with p65 positive nuclei
and cytoplasm; positivity was seen in especially cytoplasmic pat-
tern of tubular cells, both cytoplasmic and nuclear pattern of
extramesangial cells and rarely in glomeruli. The most expres-
sion of p65 was found in diabetes–sepsis group; magnification
bars: 30 μm.



Effect of ovariectomy with sepsis and diabetes on kidney 601

© 2010 Informa UK Ltd.

induction of expression of multiple proinflammatory
molecules is considered to be central to the pathogene-
sis of renal inflammation. NF-kB phosphorylation is a
prerequisite and a marker for NF-kB activation.26

NF-kB, a transcription factor which plays a central
regulatory role in inflammatory events such as sepsis,
is now a leading target for anti-inflammatory agents
developed to ameliorate this lethal syndrome.46,47

Accordingly, inhibition of the NF-kB signaling path-
way is believed to be beneficial in the setting of septic
shock.48,49.

The results of this study demonstrated that in rat
groups with increased NF-kB activation in kidney tis-
sues, in which sections of ovariectomized, septic, and
diabetic rats were evaluated histologically, glomerular
capillaries were dilated, sclerotic, or fully degenerated
glomeruli were observed. Some glomeruli were infil-
trated by inflammatory cells. In most areas, not only
proximal but also distal tubules were degenerated and
their integrity was lost. The treatment involving diabe-
tes + ovariectomy with CLP challenge was associated
with early increases in both NF-kB expression and his-
topathological results. The in vivo findings from this
study were similar to other preclinical investigations
showing that sepsis challenge produces increased tis-
sue NF-kB activation.50

Based on this preliminary investigation, the authors
conclude that diabetic and ovariectomized rats with
CLP-induced sepsis demonstrated increased serum
BUN and creatinine levels. These levels correlated

positively with tissue oxidant levels, such as LPO and
GSH levels, which resulted in the exacerbation of oxi-
dative kidney injury. The kidney tissue was most
affected by diabetes and ovariectomy under sepsis
conditions. Hyperglycemia and ovariectomy (post-
menopausal period) severely increased serum BUN
and creatinine and oxidant levels and NF-kB activity
during the stages of our sepsis model. Ovariectomy
leading to estrogen deficiency resulted in general
changes in metabolism, which are observed in the
kidney under sepsis conditions.
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