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Abstract

Background: Thioacetamide (TAA), aknown industrial
toxic agent, is extensively used in animal studies for induction
of hepatic necrosis, fibrosis and cirrhosis, also reported to be
nephrotoxic through induction of oxidative stress. Propolis,
bee glue, is known by its antioxidant and anti-inflammatory
properties.

Aimof Sudy: Thiswork aimed to evaluate the potential
protective effect of propolis on TAA-induced hepatorenal
damage and to evaluate the efficacy of Kidney Injury
Molecuole-1 (KIM-1) in early detection of renal injury.

Material and Methods: This study was performed on 24
adult male albino rats, divided into 3 groups; (1) Control
group, (I1) TAA-group (TAA was given in a dose of 50mg/kg
/day intraperitoneally, 5 days/week for 2 weeks), (I11) TAA-
propolis treated group (TAA was given in the same way asin
TAA-group, propolis was given in a dose of 500mg/kg/day
by gavage, 5 days/week for 2 weeks). All studied rats were
subjected to determination of initial and final body weight,
body weight percent change, absolute and relative liver and
kidney weight, as well as assessment of hepatic function by
serum Alanine Transaminase (ALT) and Aspartate Transam-
inase (AST), renal function by serum urea, creatinine and
potassium (K +) level, with determination of renal tissue
oxidative stress markers, Malondialdehyde (MDA) and Glu-
tathione-S-Transferase (GST), inflammatory marker; Mye-
loperoxidase (MPO), renal tissue damage marker; Kidney
Injury Molecule-1 (KIM-1). In addition, specimens of liver
and kidney were taken and processed for light microscopic
studies.

Results: TAA induced hepatotoxic and nephrotoxic effect
that was evident by the significantly increased serum ALT,
AST, ureaand creatinine, with significant decrease in serum
K™ level aswell as significantly increased renal tissue MDA,
GST, MPO and KIM-1 when compared with control group.
Treatment with propolis caused significant reduction in serum
ALT, AST, ureaand creatinine, with significant elevation in
serum K™ aswell as significant reduction in renal tissue MDA,
GST, MPO and KIM-1 when compared to the TAA group,
but still significantly higher compared to controls except for
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urea. These results were confirmed by the histopathol ogical
findings.

Conclusion: Propolis could partialy ameliorate the TAA
induced hepatorenal damage, which might be related to
attenuation of oxidative stress and inflammation. Moreover,
KIM-1 could be beneficial in detection of renal injury.

Key Words. Hepatorenal injury — Thioacetamide — Propolis
— Oxidative stress — Inflammation — KIM-1 —
Histopathol ogy.

Introduction

THIOACETAMIDE (TAA) isawidely used sulfur
containing compound in the laboratory and in
various technical applications [1], as fungicides,
rubber chemicals, curing agents, cross linking
agents, metallurgy, pesticides and pharmaceuticals
2.

TAA was reported to be hepatotoxic and neph-
rotoxic [3], genotoxic and carcinogenic [4], widely
used in experimental models of liver injury [5],
and renal toxicity [6].

TAA toxicity isdueto its rapid metabolism by
cytochrome P450 and flavin-containing monooxy-
genases to reactive metabolites (thioacetamide-S-
oxide and reactive oxygen species, ROS) [7].

Oxidative Stress (OS) has long been implicated
in the pathogenesis of liver and renal damage [g].
The kidney is more vulnerable to damage by ROS
than other organs due to the abundance of long-
chain-polyunsaturated fatty acids [9]. Therefore,
great attention has been paid to antioxidants or
free radical scavengersfor the prevention and
treatment of acute and chronic liver and kidney
damages.

Propolis a gum like substance gathered by bees
from various plants [10], possesses a broad spectrum
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of biological activities such as anti-hepatitis and
anti-arthritis [11,12], antimicrobial, anti-allergic,
dermato-protective, laxative, anti-diabetic, immu-
nomodulatory, antitumor, and antibiotic activities
[13] . These biological activities may be attributed
to its constituents obtai ned from plants, mainly
phenolic compounds such as flavonoids, at least
38 different flavonoids have been reported in prop-
olis [14] . Flavonoids are well-known antioxidant
possessing free radical scavenging and metal chelat-
ing activity [15].

Kidney Injury Molecule-1 (KIM-1) isanew
biomarker of kidney injury that could be detected
even before blood urea and creatinine elevation in
early stages of renal injury, besides being more
specific to renal tissue [16].

The present study therefore aimed to evaluate
the potential ameliorative effect of propolis against
hepatorenal injury induced by TAA.

Material and M ethods

Chemicals:

Thioacetamide (TAA) was purchased from
Sigma-Aldrich Corp., St. Louis, MO, USA. Bee
Propolis (100% natural dried extract powder) was
purchased from Imtenan Health Shop, Cairo, Egypt.

Animals;

The present study was performed in May 2019,
on 24 adult male albino rats weighing 200-270
grams at the start of the study. Rats were purchased
from VACSERA HELWAN and were kept in the
Medical Ain Shams Research Institute (MASRI)
in animal cages (4/cage) with suitable ventilation
and temperature of 22-25°C. Rats were left for 7
days as a period of acclimatization. Regular meals
were introduced daily, with free access to water
and food. Animals were not exposed to unnecessary
pain or stress and manipulated with maximal care
and hygiene.

Experimental procedure:

Rats were allocated into 3 groups; Group |
(Control, n=8): Rats in this group received distilled
water by gavage and intraperitoneal injection of
normal saline (NaCl 0.9%), 5 days/week for 2
weeks. Group Il (Thioacetamide (TAA) group,
n=8); rats received TAA dissolved in NaCl 0.9%
given intraperitoneally in a dose of 50mg/kg/day,
5 days/week for 2 weeks, this dose and duration
causes low grade injury as described by Murad et
a., [17]. Group Il (TAA-propolis treated group,
n=8); ratsin this group received TAA asin group
2 and propolis that was dissolved in distilled water,

then given by gavage in a dose of 500mg/kg/day,
5 days/week for 2 weeks [19].

At the end of the study, overnight fasted rats
were weighed anaesthetized by pentobarbital in a
dose of 40mg/kg body weight. Blood samples were
collected and centrifuged at 3000rpm for 15 minutes
to separate serum. The separated serum was then
pipetted into clean storage eppendorf and stored
at —20°C for later determination of Alanine
Transaminase (ALT), Aspartate Transaminase
(AST), urea, creatinine and potassium (K +). Then
kidneys and liver were excised, washed by normal
saline, weighed and the right one was stored at
—20°C for later determination of renal tissue
Malondialdehyde (MDA), Glutathione-S-
Transferase (GST), Myeloperoxidase (MPO) and
Kidney Injury Molecule-1 (KIM-1). Both liver and
left kidney underwent histological studies.

Determination of liver enzymes as markers of
hepatic injury: Both ALT and AST were quantita-
tively assessed by colorimetric method as described
by Tietz [19] using Biomed diagnostics kits, Egypt.

Estimation of kidney function by serum urea,
creatinine and potassium: Serum urea and creati-
nine were quantitatively assessed colorimetrically
as described by Vassault et al., [20) & Young et al.,
[21] respectively, using Biomed diagnostics Kits,
Egypt. Serum potassium was flourometrically
assayed using BioVision kit, USA according to
manufacture instructions.

Determination of renal tissue Malondialdehyde
(MDA) and Glutathione-S-Transferase (GST) as
oxidative stress markers. Both MDA and GST
were estimated colorimetrically as described by
Ohkawaet a., [22] & Habig et al., [23], respectively
using biodiagnostic kits, Egypt.

Assessment of renal tissue Myel operoxidase
(MPQ) as an inflammatory marker: MPO was
assessed quantitatively using rat specific CLIA
(Chemiluminescence Immunoassay) kit, LifeSpan
BioSciences, USA, following manufacture instruc-
tion.

Determination of renal tissue damage by Kidney
Injury Molecule- 1(KIM-1): KIM-1 was assessed
using rat specific ELISA kit, CUSABIO, China,
according to manufacture instructions.

Histological studies:

Liver and Kidney were collected then fixed
immediately in 10% neutral buffered formalin
solution for 24h, dehydrated in a graded ethanol
series, and processed for paraffin embedding for
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light microscopic study. Serial sections (5- & the parameters was determined using the Pearson's

thick) were prepared and stained with hematoxylin
and eosin (H & E), Periodic Acid Schiff (PAS) and
Mallory's trichrome stain [24] . Sections were ex-
amined and photographed with Olympus BX 40
light microscope (Olympus, Hamburg, Germany)
connected to a camera Canon power shot A640
digital camera (Canon Inc., Tokyo, Japan).

Mor phometric analysis: Five specimens from
five different rats of each group were examined
(n=5). For each specimen, five different captured
non-overlapping high-power fields (X 200) were
taken. Five different readings from every captured
photo were counted and the mean was cal culated
for each specimen. Measurements were counted
by an independent observer blinded to the speci-
mens details to perform an unbiased assessment.
Samples were analyzed by using Leica DM 2500
microscope with built in camera (Wetzlar, Germa-
ny). All images were digitally acquired using an
image analyzer LeicaQ win V.3 program (Wetzlar,
Germany) installed on a computer in the Histology
Department Faculty of Medicine Ain Shams Uni-
versity. The following parameters were measured:

A- Area% for collagen fibers content.
B- Mean optical density of PAS stained glycogen
content.

Satistical analysis:

All stetistical data and statistical significance
were performed using SPSS (statistical program
for social science) statistical package (SPSS Inc.)
version 20. Differences between groups were com-
pared by one-way ANOV A with Least Significant
Difference test (LSD). The association between

correlation coefficient. p<0.05 was considered
statistically significant.

Results

Mortality rate: Calculated mortality rate was
27.27% in the TAA group throughout the period
of the study (3 out of 11), therefore, only 8 rats
out of 11 were included in each studied group.

Asshownin (Tablel) IBW, ALW and AKW
were insignificantly changed among the 3 studied
groups. However, both TAA group and TAA-
Propolis treated group showed significant reduction
in FBW and BW% with significant increase in
RLW and RKW when compared with control rats,
but no significant changes were detected between
TAA group and TAA-Propolis treated group.

Table (2) shows significant increasein ALT,
AST, ureaand creatinine, with significant decrease
in K+ level in TAA group as compared with con-
trols. TAA-Propolis treated group showed signifi-
cant reductionin ALT, AST, urea and creatinine,
with significant elevation in K™ level when com-
pared with TAA group, however, the values were
still significantly different from the control group
except for serum urea level which was insignificant
from controls.

In (Table 3) TAA group shows significant in-
crement in rena tissue MDA, GST, MPO and KIM-
lwhen compared with control rats. While TAA-
Propolis treated group showed significant decre-
ment in all parameters when compared with TAA
group but still significantly elevated from control

group.

Table (1): Mean = SEM values of initial body weight (IBW; gm), final body weight (FBW; gm), body weight percent change
(BW%; %), absolute liver weight (ALW; gm), relative liver weight (RLW; %), absolute kidney weight (AKW; gm)
and relative kidney weight (RKW,; %) in all studied groups.

Parameters
Groups IBW FBW BW% ALW RLW AKW RKW
Control 259.00+12.19 271.00£13.12 4.59+0.61 6.92+0.33 2.56%0.01 1.20+£0.09 0.44+0.01
TAA 260.11+£5.00 222.78+9.43a —14.47+3.042 7.72+0.42 3.49+0.19a 1.24+0.05 0.57+0.032

TAA-Propolistreated 243.00+2.98

203.00£3.30a —16.19+1.062

7.52+0.24 3.69+0.10a 1.22+0.08 0.60+0.032

a: Significance by LSD from control group with p<0.05.

Table (2): Mean £ SEM values of serum alanine transaminase (AL T; U/l), aspartate transaminase (AST;
U/l), urea (Urea; mg %), creatinine (Creat.; mg %) and potassium (K *; nmol/ml) in all

studied groups.

Parameters ALT AST Urea Crest K+
Groups :
Control 18.75+1.03 13.88+0.69 48.04+2.70  0.18+0.03 5.06+0.06
TAA 59.89+4.87a 38.56+2.06a 81.47+353a 1.04+0.06a 4.22+0.07a

TAA-Propolis treated

31.00+1.2218b  24.25+144ab  5504+3.08b

0.55+0.0680  4.76+0.12ab

a: Significance by LSD from control group with p<0.05.

b: Significance by LSD from TAA group with p<0.05.
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Table (3): Mean * SEM values of renal tissue malondialdehyde (MDA ; nmol/gm), glutathione-S-
transferase (GST; U/gm), myel operoxidase (MPO; pg/gm) and Kidney injury molecule-

1 (KIM-1; ng/gm) in all studied groups.

Parameters
Groups MDA GST MPO KIM-1
Control 38.51+0.86 114.45+1.41 20.95+1.52 79.03+3.73
TAA 106.71+3.41a  212.48+3.75a 49.84+1.112 157.74+6.29a
TAA-Propolistreated ~ 66.69+2.84380  151.74+6.9438  2750+2.228b  10555+3.012P

a Significance by LSD from control group with p<0.05.
b: Significance by LSD from TAA group with p<0.05.

Correlation study: In Fig. (1), significant posi-
tive correlations were demonstrated between serum
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renal tissue MDA, GST, MPO with KIM-1in al
studied groups.
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Histopathological results:
Results of the liver:

Examination of H & E stained liver sections of
rats of control group revealed normal liver paren-
chyma formed of branching and anastomosing
cords of hepatocytes radiating from central veins.
Hepatocytes appeared polygonal with acidophilic
granular cytoplasm and central rounded vesicular
nuclei. Some cells were binucleated. Blood sinu-
soids in between hepatocyte cords were lined by
flat endothelial cells and kupffer cells Fig. (1A).
Portal tract contained branches of portal vein,
hepatic artery and bile ductules Fig. (1B).

Administration of TAA toratsingroup Il led
to disruption of the radial arrangement of the
hepatic cords. Most of hepatocytes had apparently
large nuclei with prominent multiple nucleoli and
margination of chromatin. The cytoplasm of these
hepatocytes appeared deeply acidophilic Fig. (2A).
While some other hepatocytes showed vacuolated
cytoplasm and small dark nuclei that were shifted
peripherally in some cells. Mononuclear cellular
infiltration was seen in between hepatocytes Fig.
(2B). Dilated congested blood sinusoids were also
noticed Fig. (2A). Portal tracts appeared expanded
with cellular infiltration. Portal veins were seen
dilated and congested with interrupted vessel wall.
Proliferation of bile ducts was evident Fig. (2C).

Propolis attenuated the hepatic injury induced
by TAA ingroup 1. Restoration of normal liver

(A)
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architecture was noticed. Few cells appeared with
vacuolated cytoplasm and small dark nuclei while
the rest of the hepatocytes appeared with acidophilic
cytoplasm and vesicular nuclei. Some dilated blood
sinusoids could be noticed Fig. (3A). Portal tracts
were less expanded with minimal cellular infiltra-
tion Fig. (3B).

On examination of Mallory's trichrome stained
liver sections of the control group, few blue colla-
gen fibers were seen around the central vein Fig.
(4A), at the portal tracts and between hepatocytes
Fig. (4B). In TAA group, the collagen fiber content
was significantly increased (p<0.05) (Table 2)
around the central vein and between hepatocytes
Fig. (4C) and in the portal tracts Fig. (4D) as
compared to the control group. Administration of
propoliswith TAA in group 11 led to significant
decrease (p<0.05) (Table 2) in collagen fiber con-
tent around central vein Fig. (4E) and in the portal
tracts Fig. (4F) in comparison to group 11.

PAS stained sections revealed that most of the
hepatocytes of group | had PAS positive granules
in their cytoplasm Fig. (5A). In group 1, the PAS
positive glycogen granules were significantly de-
creased (p<0.05) (Table 2) as compared to that of
the control group Fig. (5B). In group I11 significant
increase (p<0.05) (Table 2) in PAS positive granules
was noticed in the hepatocytes cytoplasm as com-
pared to group Il Fig. (5C).

(B)
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Fig. (2): (A) Showing disruption of the radial arrangement of the hepatic cords. Dilated central vein is seen (CV). Most of
hepatocytes have apparently large nuclei with prominent multiple nucleoli and margination of chromatin (A). The cytoplasm
of these hepatocytes is deeply acidophilic. Dilated congested blood sinusoids ate also noticed (S). (B) Showing mononuclear
cellular infiltration in between hepatocytes (*). Some hepatocytes are seen with vacuolated cytoplasm and small dark peripheral
nuclei (?), (C) Showing expanded portal tract with cellular infiltration (¥). Portal vein appears dilated and congested (PV) with
interrupted vessel wall (?). Proliferation of bile ducts is also evident (BD). Group II. H & E stain, X400.

@A) ®)

Fig. (3): (A) Showing radially arranged hepatic cords separated by blood sinusoids, some of them ate still dilated (S). Most
of hepatocytes appear with acidophilic cytoplasm and central rounded vesicular nuclei, while some few cells are seen with
vacuolated cytoplasm and dark nuclei (7). (B) Showing less expanded portal tract with apparent decrease in cellular infiltration
as compared to group II. Congested portal vein is seen (PV). Group III. H & E stain, X400.
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Results of the kidney:

Examination of H & E stained kidney sections
of rats of the control group revealed that the pa-
renchyma of the renal cortex was formed of rena
corpuscles, the Proximal Convoluted Tubules
(PCTs), the Distal Convoluted Tubules (DCTSs)
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and cortical collecting ducts. Renal glomeruli were
formed of lobulated tufts of capillaries and were
surrounded by Bowman's capsule. The parietal
layer of Bowman's capsule was lined by asingle
layer of simple squamous epithelium. Between the
visceral and parietal layers of Bowman's capsule,
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apatent urinary (filtration) space was seen. The
PCTs were seen forming the main bulk of the renal
cortex. They had narrow lumina and lined by
pyramidal cells with indistinct boundaries and
apical brush border. These cells appeared with
acidophilic granular cytoplasm and basal rounded
vesicular nuclei. The DCTs appeared less numerous
in therenal cortex. They had wider lumina and
were lined by low cubical cells with pale acidophilic
cytoplasm and rounded nuclei Fig. (6A).

H & E stained sections of TAA treated rats
(group I1) showed congestion of the glomerular
capillaries as well as the peritubular capillaries.
Most renal tubules were seen with wide lumina
and vacuolated cells. Other tubules showed disrup-
tion of epithelial lining and intra-luminal debris.
Some cells of the renal tubules were seen with
deeply stained nuclei. Karyorrhexis could be seen
in some cells. Hyaline cast were also noticed inside
the lumen of some tubules Fig. (6B).

In group 111, an apparent decrease in the con-
gestion of the glomerular and peritubular capillaries
was noticed. Few tubules appeared with dilated
lumina and vacuol ated cells, while most of the
renal tubules appeared more or less similar to the
control Fig. (6C).

Mallory's trichrome stained sections, of the
control group showed minimal amount of blue

collagen fibers around renal gloemruli and renal
tubules Fig. (7A). Significant increase in the amount
of collagen fibers (p<0.05) (Table 1) was noticed
around renal glomeruli and in-between renal tubules
in group Il compared to the control group Fig.
(7B), while, the amount of collagen fibers was
significantly decreased (p<0.05) (Table 1) around
rena gloemruli and rena tubules in propolis treated
group as compared to TAA group Fig. (7C).

PAS stained sections of the control group
showed PAS positive material in renal glomeruli.
Most PCTs appeared with preserved brush border
and basement membrane Fig. (8A). Whilein TAA
treated group, a significant increase (p<0.05) (Table
1) in PAS positive material deposition in the
glomerular tuft of most renal glomeruli was noticed,
with apparent thickening of the parietal layer of
the Bowman's capsule. Partial or complete |oss of
the brush border of most PCTs with thickening of
the basement membrane was also seen Fig. (8B).
Group |11 showed significant decrease (p<0.05)
(Table 1) in PAS positive material in the glomerular
tuft as compared to group 11. Most PCT's appeared
with preserved brush border and continuous base-
ment membrane. Apparent decrease in the thickness
of the parietal layer of the Bowman's capsule was
noticed. Few rena tubules were seen with decreased
PAS reaction in the brush border Fig. (8C).
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Morphometric results (Tables 4,5):
Results of the liver (Table 4):

1- The mean area percentage of collagen fibers
revealed significant increase (p<0.05) in TAA
group compared with the control group. Mean-
while, there was a significant decrease (jp<0.05)
in TAA-propolistreated group compared with
TAA group. However, there was significant
increase (p<0.05) in TAA-propolis treated group
compared with the control group.

2- The mean optical density of glycogen granules
showed significant decrease (p<0.05) in TAA
group in comparison to the control group. While,
there was a significant increase (p<0.05) in
TAA-propolis treated group in comparison to
TAA group. However, there was significant
decrease (p<0.05) in TAA-propolis treated group
compared with control group.

Table (4): Mean = SD of area % of collagen fibers and optical
density of glycogen in liver sections of different

Table (5): Mean * SD of area % of collagen fibers and optical
density of glycogen in kidney sections of different

groups.
o - -
Groups Area /o_of Optical denisty
collagen fibers of glycogen
Control 3.70+1.92 68.35+2.77
TAA 16.24+3.60a 80.67*1.76a
TAA-Propolis treated 7.42+2 598 74.99+3.842b

groups.
o - -
Groups Area /o_of Optical denisty
collagen fibers of glycogen
Control 153+1.01 90.97+4.71
TAA 7.48%1.88a 60.80t1.11a
TAA-Propolis treated 4.80+2.00ab 81.13+6.632D

a Significance from control group.
b: Significance from TAA group.

Results of the kidney (Table 5):

1- The mean area percentage of collagen fibers
stained by Mallory's trichrome stain was signif-
icantly increased (p<0.05) in TAA group as
compared to that of the control group. While,
there was a significant decrease of mean area
percentage of collagen fibersin TAA-propolis
treated group as compared to TAA group. How-
ever, there was significant increase (p<0.05) in
TAA-propolistreated group as compared with
control group.

2- The mean optical density of glycogen contents
stained by PAS was significantly increased
(p<0.05) in TAA group as compared to that of
the control group. While, there was a significant
decrease in the mean optical density of glycogen
contents stained by PASin TAA-propolis treated
group as compared to TAA group. However,
there was significant increase (p<0.05) in TAA-
propolis treated group compared with the control

group.

a Significance from control group.
b: Significance from TAA group.

Discussion

The 27.27% mortality rate in TAA treated rat
group during the two weeks study period could be
explained by the hepatic and renal dysfunction
induced by TAA. Absence of mortalitiesin the
propolis treated group denotes prompt amelioration
of hepatorenal dysfunction.

The observed reduction in FBW and BW% in
TAA and TAA-propolistreated groups could be a
result of direct and/or indirect TAA toxicity as
explained by Al-Attar and Al-Rethea [25 who
stated that weight loss or inappropriate weight gain
with TAA administration could be induced either
by the direct effect of TAA on the food intake
behavior or increased protein catabolism and ham-
pered utilization of food consumed during the
intoxication period with concomitant loss of the
animal appetite and subsequent reduction of food
ingestion, as well as gastrointestinal toxicity that
could reduce absorption of nutrients from the
intestine, or due to excessive loss of water, salts
and proteins as aresult of renal injury with subse-
quent dehydration and weight loss.

Although the ALW wasincreased in both TAA
treated groups compared to controls, thisincrease
didn't reach statistical significance, however, the
RLW and RKW were significantly increased in
ratsreceived TAA, this could be explained by the
concomitant body weight reduction. Guerraet a.,
[26] explained the increase of liver weight and
volume by the increase in the collagen content,
and not a conseguence of an increase in the paren-
chymatissue, the parenchyma may have suffered
adecrease in volume, as the increased serum levels
of AST and ALT indicate low hepatic integrity.

Thiswas confirmed by our histopathol ogical
results and morphometric analysis that showed
significant increase of collagen content in portal
tract, around the central vein and in-between hepa-
tocytes. Thiswas discussed by some authors who
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stated that accumulation of collagen following
inflammation is caused by production of cytokines
by both activated Kupffer cells and circulating
immune cells. These cytokines activate the quies-
cent stellate cellsin the space of Disseto transdif-
ferentiate to myofibroblast-like cells that secrete
collagen. They added that collagen and other ex-
tracellular matrix molecules are accumulated faster
than their degradation by metalloproteases rel eased
from macrophages. With progression of injury,
fibrosis occurs around portal tracts or central veins
[27].

Our study confirmsthat TAA induces hepatic
injury as proved by the elevated ALT (3.2 times
controls) and AST (2.8 times controls). Thisisin
accordance with Abul et al., [28] who stated that
hepatocyte necrosis and inflammation induced by
TAA result in significant increase in serum ALT
activity, as ALT leaks from the cytoplasm of the
hepatocytes into the blood. Moreover, Reddy et
al., [29] reported that TAA eventually lead to sig-
nificant impairment of hepatic tissue integrity,
excretory and synthetic functions, as well as hepatic
oxidative stress.

Thiswas confirmed in our study by the exam-
ination of H & E stained liver sections that revealed
distortion of liver architecture. Hepatocytes ap-
peared with vacuolated cytoplasm and small dark
peripheral nuclei, increase in the nuclear size with
prominent multiple nuclei with massive mononu-
clear cellular infiltration in group 11 (TAA group).
Thiswas in accordance with Hajovsky et a., [7].
Also, proliferation of bile duct was evident, this
wasin agreement with Kadir et al., [2] who stated
that TAA induced bile duct proliferation (ductular
reaction), hepatic necrosis, liver cirrhosis and
hepatocellular carcinoma.

Ductular Reaction (DR) is associated with
transdifferentiation of liver cells and plays an
important role in hepatic regeneration. The origin
of active cells during DR can be cholangiocytes,
hepatocytes, or hepatic progenitor cells [30].

The renal impairment observed in this study
indicated by the significantly elevated urea (1.7
times controls), creatinine (5.8 times controls),
KIM-1 (almost 2 times control) as well as reduced
potassium (0.8 times controls) isin accordance to
Edward and Baker [31] who stated that TAA is
selectively toxic to hepatocytes, renal proximal
convoluted tubular cells and cortical thymocytes.
In addition, Cengiz [32] demonstrated that renal
dysfunction could be a consequence of end-stage
hepatic damage. TAA induced injury to the proxi-
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mal renal tubule, where potassium is reabsorbed,
could explain the observed hypokalemia.

Thiswas further confirmed by the histopatho-
logical study that revealed that administration of
TAA toratsled to disruption of epithelial lining
of the renal tubules with appearance of intra-
luminal debris and hyaline cast. Some cells of the
renal tubules were seen vacuolated with deeply
stained nuclei with karyorrhexis of some nuclei.
Theintralumina acidophilic hyaline casts noticed
could be due to combination of the sloughed tubular
cellswith Tamm-Horsfall protein present in the
lumen of the tubules. In addition, impairment of
sodium reabsorption by the damaged tubular cells
led to increase in its concentration in the lumen
which resulted in polymerization of Tamm-Horsfall
protein forming a gel-like material thus contributing
in cast formation [33].

TAA induced toxicity and organ dysfunction
could be attributed to the generation of Reactive
Oxygen Species (ROS) [34], secondary to its me-
tabolism into TAA-S-dioxide, which bindsto cel-
lular macromolecules leading to change in cell
permeability and calcium uptake. Thisinterruption
of calcium stores inhibits mitochondrial activity
[71. A number of previous studies proved the oc-
currence of oxidative stress in hepatic tissues
following TAA administration [35,36] .

In thiswork, oxidative stress was proved in
renal tissue by elevated MDA and GST. Thisisin
accordance with a study by Etoh et al., [37] who
stated that Nicotinamide Adenine Dinucleotide
Phosphate (NADPH) oxidase, as a major source
of ROS production in the kidney, has been strongly
implicated in the development of renal oxidative
damage. It was reported that peroxidation of lipids
is evident in the renal brush border [38,39] and it
also changes the properties of biological mem-
branes, resulting in severe cell damage [40] and
lyses [41].

The observed elevation in GST, after 2 weeks
study period, is because during oxidative stress,
the body uses its defense mechanism to minimize
the process of lipid peroxidation using these anti-
oxidant enzymes, thus, the activity of these enzymes
becomes higher in early stages of TAA induced
oxidative damage. When the oxidative insult was
continued for along period, the enzymes become
depleted and unable to fight against the free radi-
cals, suggesting advanced stages of TAA induced
peroxidation [42] . Nebert and Vasiliou [43] stated
that GST genes are upregulated in response to
oxidative stress. The GST is highly inducible both
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at the mRNA and protein level to protect against
hydrogen peroxide and 4-hydroxynonenal (HNE)-
induced cytotoxicity [44] . GST isreleased into the
urine during renal injury, which makesit very early
indicators of tubular damage [45].

MPO activity as a neutrophil-specific marker
of immune system activation was assessed in this
work and was significantly elevated indicating
inflammatory response to TAA intoxication. This
associated inflammation is explained by Amer et
al., [46] who demonstrated an elevation of inflam-
matory cytokines; Interleukin (IL)-6, IL-1B and
Tumor Necrosis Factor (TNF)- a in blood samples
of TAA-treated group. Vokalovaet al., [3] have
shown that liver and kidney injury induced by TAA
is associated with the release of DNA which stim-
ulates innate immunity and induces sterile inflam-
mation, exacerbating tissue damage. A study on
liver by Selderset al., [47] demonstrated that TAA
administration led to degenerative changes such
as necrosis and neutrophilic infiltrates. Damaged
hepatocytes were replaced by aggregates containing
amixture of macrophages and neutrophils, whose
presence can lead to chronic inflammation and
fibrosis.

Beside the oxidative stress, inflammatory and
apoptotic markers, there are many molecular mark-
ers used to assess the kidney injury including the
Kidney Injury Molecule-1 (KIM-1) [48,49] . In this
study KIM-1 showed a significant positive corre-
lation with both urea and creatinine. Ichimura et
al., [50] reported that KIM-1 is a specific and
sensitive novel biomarker of renal proximal tubular
injury, moreover, it outperforms serum urea and
creatinine as predictors of histopathological changes
in the PCT in response to many toxins or patho-
logical conditions [51]. Wu et d., [52] demonstrated
that MRNA levels associated with this protein have
been shown to increase more than any other gene
after kidney injury. In this study, renal tissue KIM-
1 was significantly elevated in rats exposed to
TAA when compared with controls (almost 2 times
controls) indicating renal tissue damage, that could
be explained by the observed oxidative stress and
inflammatory response, confirmed by the signifi-
cant positive correlation between both MDA, GST
and MPO with KIM-1. Furthermore, Prozialeck et
a., [53 & Bolignano et al., [54] stated that the
ectodomain of KIM-1 has been shown to be cleaved
from cells both in vitro and in vivo and deposited
within the urine of rodents after proximal tubular
injury, which suggests the use of urinary KIM-1
as a nephrotoxicity biomarker aswell as predictors
of the outcome.

Renal damage was confirmed by the histopatho-
logical result that showed a significant increase in
the mean area percentage of collagen fiber deposi-
tion as demonstrated by Mallory's trichrome stain
and the significant increase of PAS positive material
in the renal glomeruli in TAA group. Thiswas
explained by some researchers who reported that
mesangial cells transformate into myofibroblasts
that produce large amounts of collagen (type | and
type 1V) and glycoproteins [55]. Also, renal tubular
epithelial cells can be converted into myofibroblasts
through Epithelial-Mesenchymal Transition (EMT)
after their stimulation with physical or chemical
factors, or cytokines. Necrosis and apoptosis of
tubular cells led to aggregation of macrophage
which played an essential rolein renal interstitial
fibrosis. Macrophages produce tumor necrosis
factor a (TNF-(x) and transforming growth factor
0 (TGF-0) that induce the transformation of tubular
cells [56].

Moreover, examination of PAS stained sections
of TAA group in the current study revealed apparent
thickening of basement membranes of some tubules
aswell as of the parietal layer of Bowman's capsule.
Thiswas | agreement with some authors who stated
that this might be due to up-regulation of integrins,
laminin and fibronectin with subsequent increase
in basement membrane thickness [57] . In addition,
there was loss of the brush border of the PCTss,
this was also reported by [58] who detected | oss of
the brush border, cell polarity, and adhesion be-
tween cells and the basement membrane and they
explained these findings by the fact that necrosis
and apoptosis can al lead to the detachment of
tubular cells from the basement membrane, leaving
behind areas of denuded basement membrane.

In our results propolis did not produce any
change in the measured anthropometric parameters
when compared with TAA group. Both liver and
kidney functions were improved as indicated by
significant reduction in ALT (only 1.7 times con-
trolsvs. 3.2in TAA group), AST (only 1.7 times
controlsvs. 2.8 in TAA group), urea (1.1 times
controlsvs. 1.7 in TAA group), creatinine (only
3.1times controlsvs. 5.8 in TAA group), and
KIM-1 expression (1.3 times controls vs. 2 times
in TAA), with concomitant elevation in potassium
level (0.9 times control vs. 0.8in TAA) when
compared to TAA group, however the levels were
till significant from controls, these results indicate
apartial hepatoprotective and renoprotective role
of propoliswithin the 2 weeks study period. These
findings are in agreement with EI-Mahalaway et
a., [59]. Moreover, the reduction in KIM-1 and
caspase-3 immunoreaction was observed in a study
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carried by Aldahmash et al., [18] when propolis
was administered in gentamicin induced renal
toxicity. Histologically, in the current work, propolis
partially attenuated the destructive effect of TAA
on the structure of both liver and kidney tissues.

This protective effect of propolis could be
explained by its antioxidant properties proved by
reduction in MDA and GST aswell asits anti-
inflammatory effect explained by reduced MPO
level. Thisisin agreement with Guimaraes et al.,
[60] who reported that propolis could exhibit its
protective effects by protecting mitochondria
against oxidative damage. This protection may be
attributed to its ability to inhibit lipid peroxidation.
Propolis contains a group of antioxidants including
flavonoids, phenolic acid esters, terpenes, cinnamic
acid and others exhibit capability of combating
against lipid peroxidation that can impair cellular
structure and functions dueto its free radicals
scavenging effect [61] . This crude can also activate
catalase and superoxide dismutase that have capa-
bility against freeradicals [62].

Furthermore, Farooqui and Farooqui [63] report-
ed that propolis hasin vitro and in vivo anti-
inflammatory and immunomodulatory actions,
these effects could be due to its ability to inhibit
neutrophil infiltration, to suppress proinflammatory
cytokinesas TNF-a and interleukins. It also caused
stimulation of macrophages and thus prompting
specific and nonspecific immune defense mecha-
nisms [64] . In addition, Song et al., [65] suggested
that propolis exertsits anti-inflammatory effect by
inhibiting inducible Nitric Oxide Synthase (iNOS)
gene expression and activity. The mechanism of
iNOS inhibition included the action on the nuclear
factor-kappa B sitesin the iINOS promoter and
hence iINOS gene downregulation, in addition to
the direct inhibition of its catalytic activity. More-
over, the hepatoprotective effect of propolis was
explained by its potent inhibitory effects on Cyto-
chrome (CYP) 2E1, a CYP450 isoform that plays
amajor role in the metabolism of endogenous
compounds as well as xenaobiotics [66] . Likewise,
propolis improved the activity of hepatic micro-
somal metabolizing enzymes [67].

Conclusion:

In conclusion, the present study suggested that
propolis could partially protect against the hepato-
renal damage induced by TAA, which might be
related to attenuation of oxidative stress and in-
flammation. In addition, KIM-1 could be used as
a successful biomarker for rena injury.
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