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Abstract

Background: Propolis is a honeybee product displaying an anti-inflammatory, antimicrobial, and antioxidant effect
on several tested animal models. Curcumin a polyphenol extracted from turmeric that gained interest as a
potentially safe and inexpensive treatment for kidney diseases.
The present study aimed to compare the protective effects of curcumin and propolis on endotoxemia-induced
renal dysfunction.

Results: Sepsis induction caused a marked decline in renal GSH, GPx, and GR, as well as antioxidant enzyme activities;
CAT and SOD. Elevation in LPO, NO, IL-1β, and PGE2 contents were observed as well. A marked induction in Bax
contents, Bax\Bcl2 ratio, accompanied by activation of NF-kB in the kidney of sepsis-induced rats was reported.
However, Prop pretreatment of endotoxemic rats was effective in controlling the depletion of renal GSH content and
its correlated enzymes; Cur was more potent in maintaining the renal CAT and SOD contents, as well as, dimensioning
LPO content. Despite the renal inflammatory marker IL-1β, PGE2, NO contents, Bax\Bcl2 ratio, and NF-kB activation were
greatly reduced by both curcumin and propolis, only Cur pretreatment attenuated NF-kB activation in kidney tissue of
septic rat.

Conclusion: Though pretreatment of either Cur or Prop to septic rats protected their kidneys against oxidation,
inflammation, and apoptosis status, Cur pretreatment was superior in protecting rats’ kidney after sepsis induction.
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Background
Despite the advances in medical care, sepsis still become
the major cause of complex clinical morbidity in inten-
sive care units [1]. In patients, the response progresses
from inflammation to septic shock and multiple organ
dysfunction syndrome leading to death. Therefore, sepsis
is considered a complex systemic illness representing the
deregulated host response to infection [2]. Research on
sepsis including studies on pathogens, coagulation,

immune responses, organ damage, sepsis, and septic
shock have revealed sepsis as an important risk factor
for acute renal failure evidenced by the sudden decline
in kidney function [1].
Previous experimental data have shown that inflamma-

tory mediators may influence abnormalities in renal tubu-
lar cells so renal damage occurs at sepsis attack. The
recommendations of these studies guided scientists to in-
vestigate a promising concept concerning the pathogen-
esis of acute renal damage in sepsis [3]. The associations
between inflammatory factors and kidney oxygenation,
metabolism, inflammation, and function, where these fac-
tors promote leukocyte aggregation, which may result in
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renal inflammation [4]. On the other hand, apoptosis is
believed to have a key role in sepsis kidney failure. Over-
expression of Bcl-2 prevented apoptotic cell death of
lymphocytes during sepsis [3]. Apoptosis may be initiated
by many factors, including circulating glucocorticoid con-
tents, pro-inflammatory cytokines such as TNF-a,
interleukin-1, reactive oxygen radicals, and nitric oxide.
Furthermore, changes in inflammatory cytokines

(TNF-α, and IL-1α) that are the crucial factors leading
to acute renal failure. Interleukin-1 (IL-1α) is one of sev-
eral proinflammatory cytokines produced during infec-
tion, sepsis, and the systemic inflammatory response
syndrome. Excessive IL-1 release has been directly con-
ducted to the progression of hypotension, multi-organ
dysfunction, septic shock, and death in patients and ani-
mals with sepsis.
Prostaglandin E (PGE) pharmacologically affects vaso-

dilation and platelet aggregation to protect vascular
endothelium and improve microcirculation. PGE can
regulate endothelial cells and macrophages to produce
anti-inflammatory and cell protection functions.
During sepsis, activation of inhibitor of nuclear factor

kappa-B (NF-κB) and its consequences occurs among all
organs that eventually lead to organ failure accompanied
by increased morbidity and mortality. Therefore, NF-κB
became an attractive target for therapy and pharmaco-
logical control of endotoxemia [5].
Natural products are used as remedies, all over the

world, for several medical conditions in humans. They
are not only effective but also safe in therapeutic doses
below their toxic values [6]. Since inflammatory re-
sponses are a critical factor during sepsis progression,
the clearance of inflammatory mediators in vivo is an
important direction for the prevention and treatment of
septic acute renal failure [4].
Sepsis may be induced by several models, and the

most common model is cecal ligation and puncture.
This model results in three insults to the host: (1) surgi-
cal trauma to the tissues, (2) ischemic tissue from the li-
gated cecum, and (3) polymicrobial sepsis from fecal
spillage after needle puncture(s) [7].
The second model lipopolysaccharides (LPS) injection

is a simple and sterile way to induce sepsis, and it shares
many similarities with the initial phase of human sepsis.
However, LPS-induced sepsis models show weakness in
preclinical research; furthermore, it is expensive as com-
pared to other models [8].
On the other hand, the cecal slurry model of sepsis is

based upon intra-peritoneal injection of cecal contents
from a donor rodent that have been standardized in
quantity (i.e., fecal mass) and suspended in fluid. The
obvious advantage of this technique between cecal slurry
and the two models is that rats injected with cecal slurry
is easy, lack the surgical tissue trauma and ischemic

tissue generated by standard CLP methods, rather than
it is cheap as compared to LPS [7].
Curcumin (Cur) is a principal constituent found in

turmeric, which is used as an edible component regard-
ing to its flavor, color, and medicinal properties. Curcu-
min was used in treating a variety of health problems,
including respiratory illness, liver disorders, inflamma-
tory disorders, and diabetic wounds [9]. It was reported
to have anticarcinogenic, hepatoprotective, cardioprotec-
tive, and thrombosuppresive effects [10].
Propolis (Prop) is a resin enriched with saliva and en-

zymatic secretions of bees collected from plants. Bees
use Prop to cover hive walls, fill gaps, and embalm killed
invader insects [11]. Propolis is a natural product that
gained attention as folk medicine due to its chemical
composition as it contains a variety of flavonoids, phe-
nols, alcohols, terpenes, sterols, vitamins, and amino
acids [12]. Several studies demonstrated the antibacter-
ial, antifungal, anti-inflammatory, antioxidant, immuno-
modulatory, and wound healing properties of propolis
extract [13]. Developing sepsis therapy requires a deep
understanding of the pathogenesis of sepsis and organ
dysfunction. Although investigations indicated the reno-
protective effect of propolis [14], and curcumin [15],
there is no time to investigate more efficacious treat-
ments due to critical nature of sepsis. The present study
was designed to investigate the effect of cecal slurry as
animal model of sepsis on antioxidant parameters, anti-
inflammatory, and apoptotic markers that indicate the
sepsis infection. On the other hand, this study estab-
lished to evaluate and compare between the protective
effect (curcumin or propolis) against inflammation, oxi-
dative stress, and apoptosis induced by cecal slurry as
animal model of sepsis.

Methods
All animal experimentation protocols were carried out
under the supervision of the Ethical Committee of
NODCAR (NODCAR/II/21/19), after approving of gen-
eral assembly of biological control and research (No.
234\2019).
Seventy healthy (6–8 weeks old) adult male Wister al-

bino rats brought from animal house of NODCAR, weigh-
ing between 150 and 200 g, were kept under strict
hygienic conditions for acclimatization under standard
condition (12 h light/dark cycle, 20 to 22 °C temperature)
with food and water ad libitum.

Preparation of cecal slurry
Sepsis was induced using a modified cecal slurry model
[16]. Donor rats were anesthetized with an intramuscu-
lar injection of ketamine hydrochloride (50 mg/kg) and
xylazine (10 mg/kg). A midline laparotomy was made,
and the cecum was expelled. A 0.5 cm cut was
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performed on the other side of the mesenteric surface of
the cecum, and the cecum was pressed to expel feces.
The feces were assembled and weighed, then were di-
luted 1:3 with a 5% dextrose solution immediately. The
cecal slurry from several donor rats was homogenate
then shaking to create a uniform suspension before
treatment. The new cecal slurry was used within 2 h of
preparation [16].

Induction of sepsis
The cecal slurry from donor rats was freshly prepared,
diluted, and then injected intraperitoneally to rats to in-
duced sepsis [16].

Propolis
Propolis was purchased from College of Agriculture,
Cairo University, grounded and extracted by 95% etha-
nol, for 1 week at room temperature and kept away from
light. The ethanolic solution was filtered to eliminate
wax and solid particles, ethanol was evaporated to obtain
propolis extract which was then dissolved in 0.5% carb-
oxyl methyl cellulose (CMC) just before administration
as 250 mg/kg/day [17].

Curcumin
Curcumin powder (curcuminoid; 95.02%) was obtained
from Sigma chemical company (Sigma–Aldrich, USA).
Curcumin powder was suspended in 0.5% CMC just be-
fore administration at dose (200 mg/kg/day) [9].

Experimental design and animal grouping
The experimental animals used in this study (60 adult
male albino rats; each weighing 150–200 g) were equally
divided into six groups. Sample size calculated by G-
power software. The groups were as follows: (I) control
group (CON): animals received 0.5% CMC (0. 5 ml/rat)
every day by oral gavage for 14 days and followed by 5%
D5W IP on the 15th day. (II) Sepsis group (SEP), ani-
mals received an oral administration of 0.5% CMC daily
(0.5 ml/rat) for 14 days. Then, sepsis was induced ex-
perimentally on the 15th day by intraperitoneal injection
of freshly prepared cecal slurry. (III) Propolis group
(Prop), animals were orally administered Prop in a dose
of 250 mg/kg/days (0.5 ml/rat) for 14 days followed by
D5W on the 15th day. (IV) Curcumin group (Cur), ani-
mals of this group were received curcumin orally in a
dose of 250 mg/kg/days (0.5 ml/rat) for 14 days then re-
ceived D5W on the 15th day. (V) Propolis and sepsis
group (Prop and SEP), animals were orally administrated
propolis (250 mg/kg/day) (0.5 ml/rat) for 14 days, on the
15th day injected IP by cecal slurry at 200 mg/kg bw.
(VI) Curcumin and sepsis group (Cur and SEP), rats of
this group have orally administrated the curcumin (250
mg/kg/days) (0.5 ml/rat) for 14 days then on the 15th

day injected IP by cecal slurry. The total volume of cecal
slurry and intraperitoneal D5W was 10 ml/kg.
Animals of all groups were anesthetized with ketamine

hydrochloride (100 mg/kg bw), and sacrificed on the
16th day post-treatment, kidneys were excised, one kid-
ney was quickly removed on an ice plate, washed with
saline, and all kidney samples from all groups were kept
at – 80 °C for further investigations. The other kidney
from rats of all treated groups were washed with saline,
then plotted and preserved directly in formalin for histo-
logical investigations.

Tissues samples preparation
Rat kidney tissues from all treated groups were homoge-
nized in iced phosphate buffer (0.05 M, pH 7.4), centri-
fuged at 3500 rpm for 5 min. Supernatants of all kidney
tissue samples were obtained and used for estimation of
oxidant/antioxidant markers of oxidative stress, Il-1β,
and PGE-2 contents.

Determination of oxidative stress markers (LPO, GSH,
GPx, GR, and NO) and antioxidant enzyme activities (CAT
and SOD) in kidney homogenate by spectrophotometer
Lipid peroxidation assay (LPO); Nitric oxide (NO); the
content of reduced glutathione were determined by
using commercial kits from Biodiagnostics, Egypt, ac-
cording to the manufacturers’ protocols.
The activities of glutathione peroxidase (GPx); gluta-

thione reductase (GR); superoxide dismutase (SOD), and
catalase (CAT) activities were measured according to
commercial kits from Biodiagnostics, Egypt, according to
the manufacturers’ protocols.

Determination of inflammatory markers (IL-1β, PGE2, Bcl-
2, and Bax) in kidney homogenate of adult male rat by
ELISA
Kidney tissues homogenate were used to determine the
pro-inflammatory cytokines, tumor necrosis factor-α
(TNF-α), interleukin-1β (IL-1β), the inflammatory medi-
ator, prostaglandin E2 (PGE2), and apoptosis biomarkers
(Bcl-2 and Bax) contents. These parameters were esti-
mated using commercially available ELISA (enzyme-
linked immunosorbent assay) kits according to the man-
ufacturers’ protocols.

Histopathological examination
Kidney tissue samples were fixed in 10% neutral-
buffered formalin, dehydrated, impeded in paraffin wax,
and sectioned (5 μm). They were stained further with
hematoxylin and eosin according to the method de-
scribed by Bancroft and Cook [18] for light microscopy
investigation (Nikon Eclipse E200-LED, Tokyo, Japan).
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Immunohistochemical analysis
For determination of NF-kβ expression, kidney samples
were prepared as sections (5 μm thickness) and blocked
with 0.1% of H2O2 containing methanol for 15 min to
block the endogenous peroxidase. Sections were incu-
bated with a rabbit polyclonal NF-kβ antibody at 4 °C
overnight. Thereafter, the sections were washed with
PBS (phosphate-buffered saline) and incubated with bio-
tinylated goat anti-rabbit immunoglobulins followed by
streptavidin-peroxidase complexes at 30 °C for 30 min.
The peroxidase activity was developed using diamino-
benzidine (DAB)-hydrogen peroxide [19]. Images were
captured with an original magnification of × 400 (Nikon
Eclipse E200-LED, Tokyo, Japan).

Statistical studies
Data are expressed as means ± standard error (SEM)
and examined by one-way ANOVA using a statistical
package program (SPSS version 20.0). The difference be-
tween groups was performed by using Tukey’s multiple
comparison test.

Results
The present study showed that cecal slurry injection
caused a reduction in the of GSH content, GPx, GR sig-
nificantly at P < 0.05 (Fig. 1), CAT, and SOD activities
(Fig. 2) while causing a significant (P < 0.05) increase in
oxidative stress markers (LPO and NO) (Fig. 2) in kidney
tissue homogenate in sepsis group. Meanwhile, the
present results recorded a significant elevation (P < 0.05)
in inflammatory markers (IL-1β, TNF-α, and PGE2) in
the kidney tissues of the sepsis group (Fig. 4). Sepsis also
caused a significant (P < 0.05) rise in Bax content ac-
companied to a significant depletion (P < 0.05) in Bcl-2
content which are the key proteins of apoptosis.
On the other hand, pretreatment with either propolis

or curcumin caused a significant (P < 0.05) increase in
kidney GSH content, GPx, and GR activity and prevent
its depletion concerning values of SEP-treated rat group
(Fig. 1). As depicted from Fig. 2, both propolis and cur-
cumin enhanced kidney SOD and CAT activities with a
significant change at (P < 0.05) as compared to sepsis
non-treated group. Meanwhile, propolis increased CAT
and SOD activities significantly (P < 0.05) as compared
to sepsis rat group as shown in (Fig. 2). Both propolis
and curcumin administration prevented the elevation of
the renal LPO content with a non-significant change of
propolis and curcumin-treated rats groups, respectively.
Propolis and curcumin treatments were found to prevent
the sharp increase recorded in kidney LPO content at P
< 0.05 if compared with sepsis-induced rat group, al-
though a significant change at P < 0.05 still recorded
when compared to the values of the control rats group
(Fig. 2). The data in Fig. 2 reported that both treatments

suppress the increase of renal NO contents significant at
P < 0.05 as compared to septic-rat group, though still re-
cording an increase significantly (P < 0.05) as compared
to control rats.
Meanwhile, the curcumin and propolis pre-

administration inhibited the increased contents of inflam-
matory markers (IL-1β, TNF-α, and PGE2) in the kidney
significantly as compared to SEP-rat group, although the
effect of curcumin is slightly better (Fig. 3).
Both propolis and curcumin pretreatment deceased

significantly (P < 0.05) the Bax content, in contrast, ele-
vated Bcl-2 contents in kidney tissues as compared to
SEP-rat group. The Bax/Bcl2 ratio of propolis and cur-
cumin revealed a significant decrease with respect to
sepsis control group (Fig. 4); the effect of curcumin is
more pronounced.

Histopathological examination
Histological investigation of rat kidneys from control
group revealed the normal structure of kidney indicated
by normal glomeruli with intact Bowman’s capsule and
proximal convoluted tubules. Kidneys of sepsis-induced
rats showed dilation of the interstitial tubule, severe
tubular leakage, atrophic glomeruli, and interstitial hem-
orrhages. Kidneys of septic rats pretreated with curcu-
min indicated an improvement compared with a kidney
of sepsis-induced rats. Meanwhile, kidney tissue from
rats pre-treated with propolis before sepsis induction
showed improvement, but with mild cognition and little
interstitial hemorrhage of kidney tissue (Fig. 5).

Immuno-histochemical analysis
Similar to the control group, curcumin and propolis
treatment showed weak expression of NF-kB in their
kidney sections. Meanwhile, the kidney of septic rats
showed a marked increase in NF-kB expression indicat-
ing its obvious activation. Curcumin pre-treatment
inhibited and attenuated NF-kB activation in the kidney
of septic rats as estimated by weak NF-kB expression in
curumin- and septic-combined group, while propolis
pre-treatment showed a moderate effect on its expres-
sion in kidney tissue of propolis- and sepsis-combined
group (Fig. 6).

Discussion
Sepsis stimulates an immune response, causing activa-
tion of a cascade of immune activities resulting in tissue
damage, multiple organ failure, and death. Sepsis path-
ology may be due to several factors, like bacterial or fun-
gus infections. Septic acute kidney injury (S-AKI) is the
most common cause of kidney injury in the ICU. In the
previous study, Höcherl et al. [20] reported deterioration
of kidney functions after induction of severe sepsis using
LPS in vivo model.
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In the present study, the cecal slurry injection in-
creased oxidative stress markers in kidneys tissue hom-
ogenate. The reactive oxygen and nitrogen species and/
or free radicals may take apart in sepsis pathogenesis.
Nitric oxide, superoxide, hydrogen peroxide, and hy-
droxyl radical may have a key role in endotoxemia. Ni-
tric oxide is one of the vital parameter affecting sepsis.
Cellular depletion of GSH can lead to apoptosis, pre-
sumably via activation of mitogen-activated protein kin-
ase (MAPK) cascades in various cell models [21]. These
results are in agreement with Andrades et al. [22] who
reported that the oxidative stress caused proteins dam-
age. The SOD and CAT found to be critical parameters

in sepsis; elevation of SOD and CAT caused accumula-
tion of H2O2 in cells. Meanwhile, Vasanthkumar et al.
[23] reported similar increments in LPO and NO after
sepsis induction in mice using LPS.
On the other hand, It is well established that proin-

flammatory cytokines, such as tumor necrosis factor-
alpha (TNF-α), interleukin-1beta (IL-1β), and IL-6, con-
tribute to the development of AKI in septic patients
[24]. Macrophages were documented to be the primary
source of inflammatory (pro-inflammatory and anti-
inflammatory) mediators, thus playing a key role in
modulating the host immune response [25]. IL-1β was
found to be involved in the inflammatory symptoms

Fig. 1 The effect of either propolis (Prop) or curcumin (Cur) on a glutathione (GSH) content, b glutathione peroxidase (GPx), and c glutathione
reductdase (GR) in kidney tissue homogenate after sepsis-induction in adult male rats. Data are expressed as mean ± S.E.M for 6 rats/group. a,
significant difference from control group by one-way ANOVA at P < 0.05; b significant difference from SEP group by one-way ANOVA at P < 0.05;
c significant difference between cur and prop-sepsis and cur-sepsis groups by one-way ANOVA at P < 0.05
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(fever, lymphocyte responses, and neutrophil migration)
and several inflammatory diseases. Besides, IL-1β was in-
dicated to increase recruitment of inflammatory cells in-
cluding the peritoneal cavit y[25].
Inflammatory cytokines produced by leukocytes activa-

tion such as TNF-α, IL-1α, IL-1β, and IL-6 and

chemokines such as IL-8, also contribute to sepsis sever-
ity. Reactive oxygen species activate the production of
pro-inflammatory cytokines such as IL-1β, IL-6, and
TNF-α. Furthermore, it triggered a downstream NF-κB
activation, a pathway by which TNF-α induces apoptosis
in a human monocytic cell line.

Fig. 2 The effect of either propolis (Prop) or curcumin (Cur) on a lipid peroxidation (LPO), b nitric oxide (NO), c superoxide dismutase (SOD), and
d catalase (CAT) in kidney tissue homogenate after sepsis-induction in adult male rats. Data are expressed as mean ± S.E.M for 6 rats/group. a
significant difference from control group by one-way ANOVA at P < 0.05; b significant difference from SEP group by one-way ANOVA at P < 0.05;
c, significant difference between cur and prop-sepsis and cur-sepsis groups by one-way ANOVA at P < 0.05
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Moreover, the over release of NO due to inducible
iNOS activity has been accompanied by general vasodila-
tation and consequently hypotension. Expression of
iNOS is usually controlled by NF-κB activation in sepsis.
The overproduction of NO was found to mediate apop-
tosis in some diseases including septic shock through
the endoplasmic reticulum stress pathway in some cell
types as it reacts with proteins and nucleic acids causing
cytotoxic effects elicited by DNA or mitochondrial dam-
age [26]. Increased NO and PGs release, vasodilator
mediators, and the downregulation of vasoconstrictive
receptors were among several mechanisms implicated in
the failure of vascular smooth muscle cells proper con-
striction properly and the mediation of endotoxemia-

related vasodilation [27]. Hemodynamics as well as
inflammatory changes were suggested to be contributed
in the development of renal impairment [28]. The
present results showed a marked elevation in inflamma-
tory markers in kidney tissues of sepsis group as well as
marked rise in Bax content with a significant depletion
in Bcl-2 content that are the key proteins critical for
apoptosis.
Pathogenic bacteria and their products trigger the acti-

vation of NF-κB, playing a central role in the formation
of networks between cytokines and the inflammatory
mediators, leading to the pathophysiology of septic
shock [5, 29]. The inflammatory process activates a
series of receptors and transcription factors such as NF-

Fig. 3 The effect of either propolis (Prop) or curcumin (Cur) on a interleukin-1β (lL-1β), b TNF-α, and c prostaglandin E2 (PGE2) in kidney tissue
homogenate after sepsis-induction in adult male rats. Data are expressed as mean ± S.E.M for 6 rats/group. a, significant difference from control
group by one-way ANOVA at P < 0.05; b significant difference from SEP group a by one-way ANOVA at P < 0.05; c, significant difference between
cur and prop-sepsis and cur-sepsis groups by one-way ANOVA at P < 0.05
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κB and the receptor for advanced glycation products,
which lead to β cell dysfunction and apoptosis.
PGEs are important paracrine regulators of kidney

function produced from arachidonic acid and exert their
action via the PGE receptors [30]. PEGs affect renal vas-
cular resistance, glomerular filtration rate, tubular re-
absorption of salt and water, and renin secretion as
indicated by Hao and Breyer [31]. The present study in-
dicated increased renal contents of PGE2 in kidney
homogenate of sepsis-induced rats, agreeing with previ-
ous studies of Höcherl et al. [32] which indicated huge
increments in PGE2 in response to LPS treatment.
Recently, Meurer et al. [33] found increased adreno-

cortical and medullary tissue contents of PGE2 in re-
sponse to endotoxemia-related AKI. PEG2 was found to

exert a dual effect on renal vascular tone, inducing vaso-
dilatation at lower concentrations and vasoconstriction
at higher concentrations. The stimulated vasodilator
PGE2 and PGI2 system might be regarded beneficial in
sepsis, only within the kidney, thus protecting the kidney
against endotoxemia-related injury.
Several of antioxidant and anti-inflammatory markers

were performed in the present study to distinguish the
potency of both curcumin and propolis on the kidney
disorder in the endotoxemic rat. Though both curcumin
and propolis, in the present study, were found to modu-
late the oxidative stress as well as inflammatory markers
in kidney tissue of sepsis-induced rats, the therapeutic
potential of curcumin is highly considered due to its
ability to inhibit NF-kB activation and its downstream

Fig. 4 The effect of either propolis (Prop) or curcumin (Cur) on a Bax, b BcL-2 contents, and c the Bax/BcL-2 ratio in kidney tissue after sepsis-
induction in adult male rats. Data are expressed as mean ± S.E.M for 6 rats/group. a, significant difference from control group by one way ANOVA
at P < 0.05; b, significant difference from SEP group by one-way ANOVA at P < 0.05; c, significant difference between cur and prop-sepsis and
cur-sepsis groups by one-way ANOVA at P < 0.05
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genes including IL-1β, TNF-α, and IL-6 expression [34].
As NF-kB regulates the expression of over 500 genes as-
sociated with inflammation, tumorigenesis, cellular sur-
vival/proliferation, and chemoresistance [35].
Curcumin inhibited NF-κB activation in sepsis-

induced muscle protein degradation by preventing the
phosphorylation and degradation of IkBα thus resulting
in inhibition of inflammation and exert other anti-
inflammatory effects, including oxygen radical scaven-
ging [36].
The desirable protective or putative therapeutic prop-

erties of curcumin may be regarding its antioxidant and
anti-inflammatory properties. Yang et al. [37] reported a
reduction in proteinuria and inflammatory markers in
diabetic nephropathy treated with curcumin.
Propolis has wide biological and potential therapeutic

impacts due to anti-inflammatory and the antioxidant
action of CAPE (the major component of propolis), re-
garding its ability to inhibit the systemic inflammatory
response, NF-κB, and apoptosis.
Teles et al. [38] reported the administration of red

propolis to 5/6 renal ablation animal model was found

to partially reduce kidney hypertension, proteinuria, and
serum creatinine, infiltration, and reduced oxidative
stress. He attributed its renoprotection property to re-
duction of both renal inflammation and oxidative stress.
Pinocembrin, is the phenolic compound found in

propolis, reduces the content of proinflammatory cyto-
kines (TNF-α, interleukin-1beta (IL-1β)), chemokines,
inducible nitric oxide synthase (iNOS), and aquaporin-4
[39]. Another study suggested that pinocembrin appears
to suppress the nuclear translocation of NF-κB and de-
crease TNF-α expression [40].
Curcumin treatment was reported to increase GSH

content and the activity of antioxidant enzymes as docu-
mented by Mylonas and Kouretas [41]. In vivo study by
Qiu et al. [42] demonstrated curability to increase GSH
content and to upregulate SOD, CAT activities in the
liver of a murine model after glycerol-induction of
nephrotoxicity. Curcumin markedly inhibited hemolysis
and lipid peroxidation of erythrocytes induced by linole-
ate by functioning as a scavenger of NO and blocking its
synthesizing enzyme [25]. Curcumin also markedly de-
creased LPO and NO in the kidney of sepsis-induced

Fig. 5 A photomicrograph of a section of kidney tissue (a–f). a The normal structure of kidney. Notice normal glomeruli with an intact Bowman’s
capsule and proximal convoluted capsule (× 400, H&E). b A photomicrograph of another section of kidney tissue for rat treated with curcumin shows
the normal structure of this tissue (× 400, H&E). c A photomicrograph of a section of liver tissue from a rat received propolis shows a quite normal
structure of kidney tissue (× 400, H&E). d A photomicrograph of a section of kidney tissue of sepsis-induced rat shows dilation of interstitial tubule (D)
severe tubular leakage appeared, atrophic glomeruli (A), and interstitial hemorrhages (H) (× 400, H&E). e A photomicrograph of a section of kidney
tissue from a rat subjected to sepsis after treated with curcumin showed an improvement (× 400, H&E). f A photomicrograph of a section of kidney
tissue from a rat received propolis before sepsis induction showed improvement, but mild cognition (C) and mild interstitial hemorrhages (H) of
kidney tissue still found (× 400, H&E)
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mice [23]. C66, a novel curcumin derivative, was re-
ported to reduce TNF-α, IL-1β, COX-2, and NF-κB pro-
duction, in high glucose-stimulated diabetic rats [43].
On the other hand, Sabuncuoglu et al. [11] reported

that propolis providing an alternative therapy against re-
sistant strains infections by elevation GSH content and
reduced bacterial translocation in the ileum after bile
duct ligation by enhancing mucosal barrier function,
thus reducing bacterial overgrowth.
Malondialdehyde concentrations are commonly being

used as potential oxidative stress biomarkers and indica-
tors of oxidative lipid damage. The chemical structure of
the constituent polyphenols enables propolis to elimin-
ate free radicals. The flavonoids in propolis are powerful
antioxidants capable of scavenging free radicals and

thereby protecting the cell membrane against lipid per-
oxidation [44]
In the present study, curcumin reduced the production

of pro-inflammatory mediators in the sepsis rat model.
This reduction could be due to inhibited cyclic AMP sig-
naling in macrophages. Under normal conditions, NF-κB
is bound to be an inhibitor and sequester in the cyto-
plasm [45]. The regulatory pathway triggers the inflam-
matory processes, which in turn regulate the
inflammatory process via activation of the inflammatory
cytokines; PGE2 and NO. Moreover, Wang et al. [45] in-
dicated translocation of NF-κB, after LPS treatment,
from the cytoplasm to the nucleus initiating the release
of various inflammatory mediators: iNOS, COX-2, NO,
and PGE2.

Fig. 6 Immunohistochemical expression of NF-kB in rat kidney sections with magnification × 400. A photographic of kidney section of rat were
treated with vehicle showing weak expression of NF-kB (a), another section of kidney tissue for rat treated with curcumin showing weak
expression of NF-kB (b), kidney section of rat treated with propolis showing weak expression of NF-kB (c), kidney section of rat after induction of
sepsis showed strong expression of NF-kB (d), a section of kidney tissue from a rat subjected to sepsis after treated with curcumin showing weak
expression of NF-kB (e), a section of kidney tissue from a rat subjected to sepsis after treated with propolis showing moderate expression of NF-
kB (f). Arrows show immunopositive nuclei
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The anti-inflammatory activity of propolis appears
related to its associated constituents: flavonoids, phen-
olic acids and their esters, terpenoids, steroids, and
amino acids, with CAPE being the most studied com-
pound. The main mechanisms underlying the anti-
inflammatory activity of propolis include (1) the in-
hibition of cyclooxygenase (COX) and consequent in-
hibition of prostaglandin biosynthesis, (2) free radical
scavenging as discussed below; (3) inhibition of nitric
oxide synthesis; (4) reduction in the concentration of
inflammatory cytokines; and (5) immunosuppressive
activity [46].
Bcl-2 (a member of proteins family) maintain cellu-

lar homeostasis and regular apoptosis by various cyto-
kines including IL-1β, so Bcl-2 has very critical role
in many biological processes and diseases [37]. Bcl-2
family members were considered as key regulators
that control the release of cytochrome C and other
apoptosis-promoting factors from mitochondria.
Therefore, the present work suggests that overexpres-
sion of Bcl-2 prevented apoptosis in the kidney of
curcumin pre-treated septic rats. In the present study,
curcumin pre-treatment markedly inhibited Bax con-
tent parallel to elevated Bcl-2 contents in kidney tis-
sues more than the propolis did. Apoptosis could be
mediated by NO through the endoplasmic reticulum
and the transcriptional factors (stress pathway), tak-
ing place by Bax acting as proapoptotic molecules
located in the cytosol under non-apoptotic condi-
tions and translocated to the mitochondria in
response to apoptotic stimuli. NO-induced apoptosis
through a mechanism involving cytochrome C
release from mitochondria [47]. Scorrano et al. [48]
reported that Bax and Bak were to operate on endo-
plasmic reticulum as well as mitochondria in main-
taining Ca2+ homeostasis.
In addition, histopathological examination revealed

that cecal slurry injection caused acute kidney injury
represented by capillary congestion, leukocyte infiltra-
tion, tubular degeneration, and the formation of casts
and luminal debris due to oxidative stress that caused
proinflammatory cytokines storm and apoptosis. These
results are in agreement with Liu et al. [49] and Wang
et al. [50]. Kidneys of septic rats pretreated with curcu-
min indicated an improvement compared with a kidney
of sepsis-induced rats due to the protective effect of cur-
cumin against oxidative stress and inhibition of cyto-
kines release as previously reported by Yang et al. [37]
and Moneim et al. [10]. Meanwhile, kidney tissue from
rats pre-treated with propolis before sepsis induction
showed protective impact against toxic effect of sepsis;
these results are in agreement with Sameni et al. [51] al-
though mild cognition and little interstitial hemorrhage
of kidney tissue is still seen.

Conclusion
The present study indicates that both curcumin and
propolis protect rats’ kidneys after sepsis induction.
Propolis is partially diminishing sepsis consequent to
renal injury, and curcumin have additional protective
role via inhibition of the IL-1β that is responsible for
production of NO and PGE2 in sepsis-induced renal in-
jured rats. Curcumin also has an anti-inflammatory ef-
fect in preventing NO-mediated apoptosis upstream and
downregulation of NF-κB activity, which is the clue pre-
ventive mechanism of renal cell apoptosis. In conclusion,
both propolis and curcumin exhibited renoprotective ef-
fects as they have antioxidant, anti-inflammatory proper-
ties, especially curcumin that exerted the most
pronounced effect as an anti-inflammatory and anti-
apoptotic reflecting its powerful effect against bacteria
and sepsis-induced kidney injury.
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