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ABSTRACT

Introduction: An antidiabetic potential has long been reported for Rhus coriaria L. (sumac) and recent studies have proven a
curative leverage against gentamicin (GM)-induced nephrotoxicity.

Aim of the Work: The current study hypothesized a possible Low-density lipoprotein-related receptor protein 2 (LRP2)
expression modulatory effect, as an ameliorative mechanism, produced by sumac in GM-induced nephrotoxicity in diabetic rats.
Material and Methods: Forty-two male albino rats were subdivided into control, sumac alone (orally for 14 days), diabetes
mellitus (DM, given single intravenous dose of streptozotocin (STZ), GM (intraperitoneal, once daily for 7 days), DM/GM, and
DM/GM+sumac groups. Twenty-Four hrs after the last treatment, blood sampling was done for laboratory analysis of blood
glucose, urea, and creatinine. The kidneys were harvested and subjected to RT-PCR quantification of LRP2 (megalin) mRNA
levels, Hematoxylin and Eosin, Masson trichrome staining, and immunohistochemical assaying for P53, TNF-a, and megalin.
Results: Diabetic rats showed altered biochemical and histological findings which increased in the GM alone group and showed
more serious tubular and glomerular injury in GM/DM group including disorganized glomeruli with mesangial degeneration and
cellular depletion with hypertrophy of the remaining ones. The renal tubules were enlarged with sloughing and desquamation of
the tubular lining cells. This was associated with significant elevation of the renal functions, upregulation of megalin gene/protein
expression, in addition to increased P53 and tumor necrosis factor-a (TNF-a). Sumac treatment downregulated megalin gene/
protein expression, coupled with regulation of P53 and TNF- a expression and maintenance of the renal functions.

Conclusion: GM injection in already existing STZ-induced diabetic rats led to more serious renal damage, and sumac co-
treatment protected against this renal damage, might be via LRP2 blockage dependent P53/TNF-a downregulation.
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INTRODUCTION kidneys of diabetic individuals. The paucity of recent data
regarding the mechanisms of renal injury caused by GM,
on a background of co-morbidities like diabetes has paid
attention of the authors to investigate the co-existing of
gentamicin toxicity in diabetic individuals?®#.

Gentamicin (GM) belongs to the aminoglycoside
class of antibiotics, and it has been cautiously prescribed
in patients with gram-negative infections due to its oto/
nephrotoxiciy. However, it is still recommended for use

in pediatric clinical practice to combat neonatal sepsis!'!. Low-density lipoprotein-related receptor protein 2
Moreover, GM has proven a paramount efficacy in (LRP2), also called megalin, is a single trans-membrane
carbapenem-resistant Enterobacteriaceae either alone protein that is normally expressed in the kidney, mainly,
or combined with other antibiotics™®. All these clinical in  proximal convoluted tubules (PCT). Extra-renal
situations have obliged its increasing use, therefore expressions include lungs, eye, gall bladder, and para/
searching for a solution to antagonize its organ toxicity is thyroid glands. Megalin is a multi-legend receptor having
worthwhile. the ability to bind many molecules (such as albumin,
insulin, lipoproteins, and drugs such as gentamicin and

Chroqic diseas§s such as Diabetes Mellitl.lS. (DM) polymyxin B) facilitating their endocytosis in the PCT¢,
are identified as risk factors for acute renal injury in The key element in gentamicin-induced nephrotoxicity is
intensive care.umt (ICU) pa.tlents or thqse ugder diagnostic its entry and accumulation in the proximal tubules lining
procedures using nephrotoxic agents. Diabetic nc.ephr.opathy cells facilitated by receptor-mediated endocytosis, a selec-
is one of the most common long-run complications of tive transport pathway formed of megalin, cubilin, chloride
DM. Hence, the urgency of GM use in diabetics could channel-5 (CIC-5), and amnionless. After internalization,
be a challenge facing physicians owing to the severe GM s transported to lysosomes leading to lysosomal

renal damage that will be added to the already ailing accumulation, reactive oxygen species release, lysosomal
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membrane permeabilization and lysosomal disruption
followed by GM release into the cytoplasm with eventual
tubular cell apoptosis!”#l.

The protection against aminoglycosides-induced
nephrotoxicity has been attempted in literature. One
of the proposed approaches, antioxidants have proven
marked efficacy against GM-induced renal toxicity, which
may be owing to their capability to interfere with certain
mechanistic aspects involved in such toxicity®. Rhus
coriaria L., Authority Sumac, Family Anacardiaceae!'”
is a well-known spice and native medicine that widely
grows in Mediterranean countries, South Europe, and
North Africa and it was used by the indigenous people
for medicinal purposes!'l. Ethanobotanical and traditional
uses included antiemetic, anti-diarrheal, anti-hemorrhagic,
asthma curative, cardioprotective, and anal pile astringent
effects, in addition to kidney diseases treatments,
meanwhile pharmacological actions include antimicrobial,
antimutagenic, antioxidant, anti-ischemic, hypoglycemic
and hypolipidimic activities!'?.

The effect of sumac treatment on the GM-induced
kidney toxicity, particularly, on a diabetic background
has not been well-studied yet. The study hypothesized
blockage of the tubular expression of LRP2 (megalin)
receptor by sumac treatment in the current rat model of GM
mediated nephrotoxicity on a background of STZ-induced
diabetes. Also, the study aimed to evaluate such megalin
blockage effect on P53 and TNF-a signaling pathways
using biochemical and histological study.

MATERIAL AND METHODS

Drugs

Garamycin® ampoules (containing gentamicin sulfate,
80 mg/2ml) were purchased from Schering-Plough
Pharmaceutical Company, Egypt.

Preparation and characterization of Rhus coriaria
(sumac) aqueous extract

Sumac fruits were purchased from a local spice
market, Benha, Egypt. The dried whole sumac fruits
were thoroughly triturated using a home grinder machine.
Eighty grams of the plant powder was dispersed in distilled
water (500 mL). The mixture was gently stirred and boiled
(100 °C) for 20 minutes. After that, the extract was filtered,
centrifuged (8000g for 10 min at room temperature),
the collected supernatant underwent concentration in a
rotary evaporator, lyophilized (freeze-dried at -510C) to
produce the crude yield (18.7 ). For animal use, the
crude plant powder was reconstituted in distilled water to
get the required concentration (600 mg/kg/d). The active
ingredients found in higher concentrations in the sumac
purchased from the Egyptian markets were o-cymene,
B-ocimene, and limonene as reported by the analytical
study conducted by the Egyptian researcher, Farag et al.l'¥
using SPME-GC-MS method.

Induction and evaluation of diabetes

Freshly prepared streptozotocin (STZ) solution (in
Na citrate, 0.1 mol/L, pH 4.5) was intravenously injected,
at a dose of 60 mg/kg through the tail vein of fasted rats
(12 hours). Three days after injection, blood samples were
collected and checked for diabetes induction using a glu-
cometer (Accu-Check; Roche Diagnostics, Benzberg,
Germany). Animals with fasting blood glucose levels >
250 mg/dl after 3 weeks (day 21) were included in the
study!®l.

Ethical considerations

All animal procedures and experimentation were
performed in compliance with the guidelines of the Faculty
of Veterinary Medicine, Benha University, Benha, Egypt,
and conformed to the Guide for Care and Use of Laboratory
Animals published by the US National Institutes of
Health!'). The protocol of the study was revised and
approved by the local Research Ethics Committee at the
Faculty of Medicine, Benha University, Benha, Egypt.
Whenever possible, it was attempted to utilize the least
statistically acceptable number of animals per group and
to avoid or minimize animal pain, suffering, and distress.

Animals and study design

The study was conducted on 42 Wistar male albino rats
at (4-5 weeks, 160-180 g) purchased from the animal house,
Faculty of Veterinary Medicine, Benha University, Egypt.
The rats were group caged, three per cage, at an ambient
temperature of 23 + 2 °C, kept under a daily 12-hours light/
dark cycle, and were provided with the commercial pellet
food and water ad libitum. The animals were randomly
divided into 6 groups, 7 rats each. The experiment was
conducted in the Research Lab, Faculty of Medicine,
Benha University, Egypt. For acclimatization to the new
la-boratory conditions, a seven-day-adaptation period was
allowed before the commencement of the experiment.
The animal groups were illustrated in figure 1 and were
distributed as follows:

Control group: The animals received the corresponding
vehicle for each treatment in the same volume and the same
duration. They received single intravenous (IV) saline
injection once on day 0. On day 21 and for 14 consecutive
days, oral distilled water (vehicle for sumac) was given.
Intraperitoneal (i.p.) saline (vehicle for GM) injection was
given once daily during the last 7 days of distilled water
oral gavage (on day 28).

Sumac alone-treated group: received a single IV saline
injection on day 0 followed by oral sumac (600 mg/kg)
starting on day 21 and continued for 14 consecutive days.
The dose of sumac was selected based on parallel literature
studies on organ toxicitiest!']. Intraperitoneal (i.p.) saline
injection was given once daily during the last 7 days of oral
sumac treatment (starting on day 28).

Diabetic group: received single intravenous (IV) STZ
injection on day 0. On day 21, the rats received distilled
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water oral gavage for 14 days. i.p. saline injection was
given once daily during the last 7 days of distilled water
oral gavage (on day 28).

Gentamicin alone-treated group: received a single IV
saline injection on day O followed by distilled water oral
gavage starting on day 21 and continued for 14 consecutive
days. Gentamicin (100 mg/kg, i.p., for 7 days)® was given
once daily during the last 7 days of distilled water oral
gavage ( starting on day 28).

Diabetic/gentamicin-treated  group: the diabetic
rats received oral distilled water on day 21 and for
14 consecutive days. i.p. gentamicin was given once
daily during the last 7 days of distilled water treatment
(on day 28).

Diabetic/gentamicin+sumac-treated group: the diabetic
animals received oral sumac on day 21 for 14 consecutive
days. i.p. gentamicin was given once daily during the last 7
days of oral sumac treatment (starting on day 28).

Duration of treatments

Groups Day 0

Day21 to Day28

Control Intravenous (IV) saline once | Oral distilled water + intraperitoneal (i.p.) saline

Sumac (SMC) IV saline once Oral sumac

Diabetic (DM) IV streptozotocin (STZ) once | Oral distilled water +i.p. saline

Gentamicin(GM) | | IV saline once i.p. gentamicin

DM/GM IV STZ once i.p. gentamicin

DM/GM/SMC IV STZ once Oral sumac +i.p. gentamicin

Fig. 1: Animal grouping and duration of different treatments. DO:
day 0, D21: day21, D28: day28, D35: day35, IV: intravenous, i.p.:
intraperitoneal, STZ: streptozotocin.

Collection of samples

At the end of the experiment, the rats were anesthetized.
The left ventricle was punctured for blood sampling and
later laboratory analysis of serum creatinine, BUN, and
blood glucose. After that, the anesthetized animals were
killed by cervical dislocation. The abdomen was opened
via ventral incision and the kidneys were removed, the left
one was refrigerated at -20 °C for later gene study, and the
right one was fixed in 10 % formalin solution for 48 hrs.

Renal functions and blood glucose levels

According to the manufacturer’s instructions, the
corresponding kits were used for the measurement of the
serum creatinine according to the modified Jaffé method!?).
BUN was determined by the enzymatic method™.
Blood glucose was measured using a glucometer and its
corresponding blood tests strips (Accu-Check; Roche
Diagnostics, Germany.)

RT-PCR assay for quantitative analysis of LRP2/
megalin gene expression

The collected kidney samples were well-homogenized
till the renal tissues became invisible. Initial isolation of the
total RNA followed by spectrophotometry measurement
of the RNA concentration was done. After that, the real-
time-PCR Master Mix kit (Applied Biosystems, Cat

No. 4440040) was used to convert mRNA into cDNA
and the PCR reaction was evaluated by StepOneSystem
(RQ Manager 1.2, software v 2.1, Applied Biosystem).
The relative expression of the targeted gene (LRP2) was
normalized to the mean critical threshold (CT) values of
GAPDH (housekeeping gene) using the AACT method?".
For cDNA synthesis, the thermocycler was set at 45°C
(15 min) followed by 95°C (for 5 min) for polymerase
activation and reverse transcriptase inactivation”. For
detection of the rat LRP2 transcripts, the forward primer
was 5-CCACCATTCCCTCGACCC-3" and the reverse
primer was 5-ACTTCCACCCTCATTTCTTGGT-3".
The forward primer for rat GAPDH  was
5'-CCCTGTGCATGTTTCCATACG-3" and the reverse
one was 5'-TGATCCCAACTAACTCGCCT-3'.

Histopathological study and immunohistochemistry

The formalin-fixed kidneys were prepared for
paraffin microtechniques i.e. dehydrated in ascending
concentrations of ethanol, xylene-cleared, infiltrated
by, embedded in paraffin, and then sectioned. Five
micron-thickness renal sections were cut and subjected
to Hematoxylin and Eosin (H & E), Masson Trichrome
staining®®!, and immunohistochemical assaying??*! for
detection of P53, megalin, and TNF-a immunoexpressions.
All the used markers were rabbit polyclonal primary
antibodies (Catalog #: ab131442, ab76969, and A11534
respectively). P53 and megalin were purchased from
Abcam, Cambridge, United Kingdom while, TNF-a was
from ABclonal Inc., Woburn, MA, USA. For antigen
retrieval, the sections were boiled for 10 min in citrate
buffer (Catalog #: AP9003-125, Epredia, Thermo Fisher
Scientific) at pH 6. After that and for 1 hour, the renal
sections were incubated with the primary antibodies (at
dilutions 1:100, 1:1000, and 1:200 for P53, megalin, and
TNF- o respectively) in PBS. The detection system used
for completing the immunoreaction was rabbit-specific
kits (TP-015-HD, Lab Vision™, Thermo Fisher Sci-
entific). A chromogen, 3,3-diaminobenzidine (DAB),
and hematoxylin counterstaining were used. The positive
reaction appeared as brownish cytoplasmic discoloration
with apical membranous intensity (for megalin), positive
nuclear (for P53), and cytoplasmic (for TNF-a). The
positive controls were rat spleen, mouse kidney, and human
cancer lung for P53, megalin, and TNF-a re-spectively.
Omitting the step of the primary antibody was done to
prepare the negative control slides. Slide visualization
and image photographing were performed in the Anatomy
Department, Faculty of Medicine, Benha University,
Egypt. For such purpose, Nikon Eclipse 80i upright mi-
croscope (Nikon Corporation, Japan) with a fitted digital
camera, ToupCamTM Xcam full HD camera (ToupTek
Europe, Ultramacro Ltd., UK) was used.

Histomorphometric study

Image analysis was done by a third person who was an
expert in the field, and unaware of the experimental groups
to ensure a blind approach. ImagelJ software (Java; NIH,

479



SUMAC EFFICACY IN DIABETICS WITH NEPHROTOXICITY

Bethesda, Maryland, USA)®% was used for morphometric
analysis of the photomicrographs captured at the same
exposure conditions. The H & E-stained photomicrographs
were utilized for histomorphometric measurements of
the glomerular perimeter, cellularity, Bowman’s space
area, tubular perimeter, tubular degeneration, and loss of
brush borders (BB). Degenerated tubules were identified
by their necrotic/apoptotic cell lining. Renal tubules with
lost BB included those with partial or complete absence of
the apical BB. The immunoassay photomicrographs were
used for evaluation of the area percent of P53, and TNF-a
immunoreaction, in addition to the area percent and opti-cal
density of megalin immunoexpression. Trichrome stained
was used to evaluate the area percent of collagen fiber
deposition. Only rounded or nearly rounded glomeruli
and renal tubules were included in the morphometric
study. Using the counting tool, the number of nuclei was
counted per glomerulus. At magnification x200, a total of
ten glomeruli and ten PCT per section/group were used for
analysis. For each antibody marker, at magnification x400,
ten randomly captured immunostained photomicrographs
were used for analysis. The same magnification was used
for collagen fiber evaluation. Data were imported in an
excel file, and subjected to statistical analysis.

Statistical analysis

All collected data were subjected to statistical analysis
using GraphPad Prism (GraphPad Software, Version 8 for
windows, San Diego, California, USA). The results were
presented as a mean £ SD. One-way ANOVA was used to
detect significance, followed by Tukey’s test for compari-
son between the means of the study groups. Initially, a
check of normality was performed using Kolmogorov—
Smirnov test. Statistical significance was set at p < 0.05.

RESULTS

Effect of Sumac treatment on the renal functions
and blood glucose level

Regarding blood glucose levels (Table 1), the
biochemical analysis showed insignificant changes in
GM and sumac alone-treated groups when compared
to the control values, However, there was a significant
increase (p <0.05) in both DM and DM/GM groups when
compared to control group. DM/GM sumac co-treatment
group demonstrated a significant reduction (p <0.05)
in blood glucose when compared to the DM/GM group.
The renal functions presented major changes in the study
groups (Table 1). No statistical significance was present
between sumac alone treatment and control. Both renal
parameters (urea & creatinine) showed a significant rise
(»<0.05) in DM, GM, and DM/GM groups when compared
to the control. Interestingly, sumac co-treatment preserved
(p <0.05) the renal functions.

Effect of sumac treatment on LRP2/megalin gene
expression

LRP2 gene expression was identical with no statistical
significance in both control and sumac alone-treated rats.

Both diabetic and gentamicin alone-treated animals show
a significant rise (P<0.05) in LRP2 gene expression when
compared to the control. A further significant increase
(P<0.05) was noted in gentamicin-treated diabetic rats. On
the other hand, sumac treatment in the latter group showed
a significant decline (P<0.05) in LRP2 gene expression,
in comparison to the gentamicin-treated diabetic animals
(Figure 2).

Effect of sumac treatment on the renal
histopathological changes induced by gentamicin in
diabetic rats

Light microscopic examination of the H&E-stained
renal sections collected from both control (Figure 3a) and
Sumac-treated (Figure 3b) groups displayed an identical
normal histoarchitecture of the renal sections. Both groups
showed the normal structure of the different segments of
the nephron. The renal corpuscle was formed of Bowman’s
capsules (BC) surrounding capillary tufts “glomeruli”. The
parietal layer of the BC was lined by flat squamous cells
and separated from the glomerulus by Bowman’s space.
The proximal convoluted tubules (PCT) appeared with a
narrow uneven lumen and were lined by large pyramidal
cells with rounded basal nuclei and acidophilic granular
cytoplasm. The distal tubules (DCT) showed wide lumina
with pale stained cuboidal lining cells.

In the diabetic group (Figure 4), the glomeruli were
mainly affected. They showed mesangial expansion with
thickening of the parietal layer of the BC. Mild glomerular
congestion was noted. In addition, swollen tubular cells
with vacuolar changes was seen among PCT. Eosinophilic
substance deposits were frequently seen in Bowman’s
spaces and within the lumina of DCT.

In gentamicin-treated animals (Figure 5), the cortical
architecture was disturbed. The renal glomeruli showed
degenerated mesangial matrix with interglomerular empty
spaces. Many renal corpuscles showed glomerular atrophy
and widening of the renal spaces. The PCT appeared
normalsized with vacuolated cytoplasm and pyknotic
nuclei. Marked interstitial vascular congestion was ob-
served.

In DM/GT-treated group (Figure 6), marked
affection of both glomerular and tubular hierarchies was
evident. The glomeruli appeared necrotic, sloughed with
degenerated vacuolated mesangium, and disappearing of
some podocytes. The tubular lining cells looked sloughed
and desquamated leaving denuded basal laminae. Nuclei
were pyknotic.

On the opposite, the sumac co-treatment group
(Figure 7) showed normal renal histological structure with
seemingly intact glomeruli and renal tubules.

Masson trichrome-stained renal sections obtained
from control (Figure 8a) and sumac-treated (Figure 8b)
groups were similar and showed the typical distribution
of collagen fibers with little interstitial collagen
deposition and no fibrotic changes. In the diabetic group
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(Figure 9c), the renal sections showed slight collagen
deposition, peritubular, interglomerular (thick GBM), and
brush borders which were more obvious and marked in the
GM-treated group (Figure 9d). In DM/GM-treated group
(Figure 10), there was a widespread greenish discoloration
denoting diffuse collagen deposition. Meanwhile, the
DM/GM sumac-cotreated group (Figure 11) showed an
obvious reversal of fibrosis and maintenance of the normal
distribution of collagen fibers.

Effect of Sumac treatment on the renal
immunoexpression of P53, TNF-a, and LRP2/
Megalin

Both control (Figure 12a) and sumac alone-treated
(Figure 12b) groups showed identical findings. By
comparison to the control group (Figure 12a), the results
of P53 immunoreactivity showed few positive nuclei in the
diabetic group (Figure 13c¢), increased gradually in the GM-
treated group (Figure 13d), and became marked and widely
distributed in DM/GM group (Figure 14). Regarding the
TNF-0 immunohistochemistry in the control (Figure 16a)
and sumac (Figure 16b) groups, both groups showed
consistent findings. Immunohistochemical observations of
TNF-a displayed gradually increasing immunopositivity
in DM (Figure 17¢) and GM (Figure 17d) groups and
became marked in DM/GM group (Figure 18). Megalin
immunostaining revealed constitutive expression of
megalin in the PCT of the control renal sections, mainly
apical brush borders staining (Figure 20a), and similar
expression was noted in sumac-treated group (Figure 20b),
which mildly increased in the DM group (Figure 21),
moderate expression in GM (Figure 22), and extremely
expressed in DM/GM group (Figure 23). Meanwhile, the
DM/GM sumac cotreated group displayed reversal and
restoration of P53, TNF-a, and megalin immunoreactivities
(Figures 15,19,24 respectively)

Effect of sumac co-treatment on the renal

morphometric parameters

Theglomerularand tubularmorphometricmeasurements
were shown in (Table 2). Both control and sumac alone-
treatment groups exhibited approximately equal glomerular
parameters (equal renal capsular perimeter, Bowman’s
space (BS) area, and average cell number per glomerulus)
with no statistical significance when compared to each
other. The diabetic and GM groups showed a nonsignificant
reduction in the capsular perimeter when compared to the
control meanwhile, a significant reduction (p<0.05) was
noted in glomerular cellularity. However, the reduction in
glomerular cellularity was slight in the diabetic group. In
addition, the BS area was significantly reduced (p<0.05) in
the DM group and increased (p<0.05) in GM alone group,
indicating glomerular atrophy. Nevertheless, the DM/GM
showed a significant decrease (p<0.05) in the capsular
perimeter, glomerular cellularity, and a significant increase
(»<0.05) in the BS area, all these parameters indicated
shrinkage of the renal corpuscles and glomerular atrophy.

Regarding the tubular analysis (tubular perimeter,
degeneration, loss of BB), no statistical significance
existed when comparing both control and sumac alone-
treatment groups. The diabetic group showed a significant
increase (p<0.05) in the tubular perimeter, number of
degenerated tubules, and a mild significant increase in the
number of tubules with lost BB when compared to control.
In the GM group, there was a significant decrease (p<0.05)
in the tubular perimeter, in comparison to the control,
but there was a statistically significant increase in the
tubular degeneration and loss of BB. However, the DM/
GM showed a significant increase (p<0.05) in the atrophic
tubules, tubular degeneration, and tubules (p<0.05) with
loss of the apical BB. Sumac co-treatment significantly
improved (p<0.05) both glomerular and tubular scoring
parameters

The morphometric findings of the immunoassay slides
were illustrated in (Figure 25). The area percent of P53,
TNF-a, megalin immunoexpressions, and trichrome-
stained collagen fibers, in addition to the optical density
of megalin immunopositivity, displayed no statistical
significance in the sumac alone-treated group when
compared to the control. All the measured parameters
were significantly elevated (p<0.05) in DM, GM, and
DM/GM groups, in comparison to the control. A further
significant rise (p<0.05) was noticed in the DM/GM
group when compared to DM or GM alone groups. GM
alone group showed a significant rise (p<0.05) in all these
morphometric measurements (except area percent of
collagen deposition) when compared to DM alone group.
Sumac co-treatment significantly improved (p<0.05)
the disturbed measurements when compared to DM/GM

group.
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Fig. 2: Effect of sumac-cotreatment on LAR2/megalin gene expression.
The data are expressed as mean + SD (n=7). a: significant versus control
and sumac, b: significant versus DM and GM, c: sig-nificant versus DM/
GM group, at p<0.05, using One-way ANOVA and post hoc Tukey’s test
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Fig. 3: H & E-stained photomicrographs of the control (a) and sumac-
treated (b) groups renal (scale bar: 50 um) showing glomeruli (G) with
normal cellularity, typical mesangial matrix, and average size. The PCT
(P) looks with normal pyramidal cell lining. DCT (D) are also seen.

Fig. 4: H & E-stained photomicrograph of renal section in the diabetic
group (scale bar: 50 um) showing glomeruli with mesangial proliferation
and expansion, thickened parietal layer cell ling (arrows), and eosinophilic
deposits in Bowman'’s space (star). The PCT (P) are dilated with swollen
tubular cells and vacuolar changes (V). The DCT (D) shows luminal
eosinophilic substance depos-its (star).

Fig. 5: H & E-stained photomicrograph of renal section in the
gentamicin-treated group (scale bar: 50 um) showing marked interstitial
vascular dilation and congestion (BV), and intraglomerular (G) mesangial
degeneration with empty vacuolar changes (V). The PCT appears normal-
sized with loss of the apical brush border (curved arrows) and vacuolated
cytoplasm (V) of the lining cells.

B
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Fig. 6: H & E-stained photomicrograph of a renal section in the diabetes/
gentamicin-treated group (scale bar: 50 pm) showing marked glomerular
and tubular injury. Glomeruli (G) appear disorganized with mesangial
degeneration (V) and cellular depletion with hypertrophy of the remain-
ing ones (arrows). The renal tubules (T) are dilated with sloughing and
desquamation of the tubular lining cells, apoptotic nuclei (arrowheads),
and cytoplasmic rarefaction (R).

Fig. 7: H & E-stained photomicrograph of a renal section in the
diabetes/gentamicin sumac co-treated group (scale bar: 50 um) showing
restoration of the normal glomerular (G), proximal (P), and distal (D)
tubular histological structure.

Fig. 8: Masson-stained photomicrographs of renal sections of both
control (a) and sumac alone-treated (b) (scale bar: 50 um) showing the
typical little density and distribution of the collagen fibers (green-stained)
in-between renal tubules (arrows).
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Fig. 9: Masson-stained photomicrographs of renal section in diabetic (c)
and GM-treated (d) groups (scale bar: 50 um) showing collagen deposition
in the tubular basal lamina (arrows) and brush borders (arrowheads)
which markedly increased in the GM-treated group.

GM group (scale bar: 50 pm) showing extensive and diffuse collagen
deposition, peritubular (arrows), and apical brush borders (arrowheads).

Fig. 11: Masson-stained photomicrographs of a renal section of the DM/

GM sumac co-treated group (scale bar: 50 pum) showing reversal of
staining intensity indicating little collagen.

Fig. 12: Photomicrographs of P53 immunoassay renal sections in control
(a) and sumac alone-treated (b) groups (scale bar: 50 pm). The arrows
refer to P53 positive nuclear reactions. Both groups show negative P53
immunoreaction.

Fig. 13: Photomicrographs of P53 immunoassay renal section in diabetic
(c) and GM-treated (d) groups (scale bar: 50 pum) revealing very few
positive nuclei, mildly increases in GM group.
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Fig. 14: Photomicrographs of P53 immunoassay a renal section in DM/
GM group (scale bar: 50 um) revealing a marked diffuse positive nuclear
reaction.

483



SUMAC EFFICACY IN DIABETICS WITH NEPHROTOXICITY

Fig. 15: Photomicrographs of P53 immunoassay a renal section in DM/
GM sumac-cotreatment group (scale bar: 50 pm) showing a less frequent
positive nuclear reaction.
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Fig. 16: Photomicrographs of TNF-o immunostained renal sections
in control (a) and sumac alone-treated (b) groups (scale bare: 50 um)
showing negative immunoreaction of the glomeruli (G) and proximal
tubules (P).

Fig. 17: Photomicrographs of TNF-o immunostained renal sections in
diabetic (c) and GM-treated (d) groups (scale bare: 50 um) showing mild
TNF-a cytoplasmic immunopositivity in the mesangial cells (arrowheads)
and renal tubules (arrows) which gradually increases in the GM-treated

group.

Fig. 18: Photomicrograph of TNF-o immunostained renal section in DM/
GM group (scale bare: 50 um) showing marked expressed with a diffuse
immunoreaction.

Fig. 19: Photomicrograph of TNF-a immunostained renal section in DM/
GM sumac-cotreatment group (scale bare: 50 pm) show ing the mesangial
cells (arrowheads) and renal tubules (arrows) with an obvious decrease in
the TNF-a immunoreactivity.

Fig. 20: Megalin (LRP2) immunoassayed photomicrographs of renal
sections in both control (a) and sumac-treated (b) groups (scale bar: 100
pm) showing megalin expression in renal tubules staining the apical
brush borders (arrowheads) of proximal tubules. Glomeruli (G) show a
negative reaction.
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Fig. 21: Megalin (LRP2) immunoassayed photomicrograph in a renal Fig. 24: Megalin (LRP2) immunoassayed photomicrograph in a
section of diabetic group (scale bar: 100 um) showing a mild increase in renal section of DM/GM sumac co-treated group (scale bar: 100 pm)
the tubular cytoplasmic (arrow) immunoexpression and the apical brush demonstrating a reversal of immunoreactivity with mild immunoreaction
border staining (arrowheads). limited to apical brush borders (arrowheads).
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Fig. 25: Effect of sumac-cotreatment on the areas percent of P53 (a),
TGF (b), Megalin (c) immunoexpressions, trichrome stained collagen (e),

Fig. 23: Megalin (LRP2) immunoassayed photomicrograph in a renal and the optical density of megalin immunoreactivity (d). The data are
section of DM/GM group (scale bar: 100 pm) exhibiting a diffuse strong expressed as mean + SD (n=7). * Statistically significant at p<0.05, using
positive cytoplasmic megalin immunopositivity (ar-row), in addition to one-way ANOVA and post hoc Tukey’s test.

dense apical brush border staining (arrowheads).
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Table 1: Changes in the renal functions and blood glucose levels under the effect of sumac co-treatment.

Blood glucose (mg/dl) S. creatinine (mg/dl) BUN (mg/dl)
Control 93.2+991 0.294+0.11 28.46 +2.13
Sumac 94.25 +13.47 0.33+0.13 28.68 £2.52
DM 344.8 £30.71° 0.731+0.17° 36.25+3.59°
GM 97.98 +10.3 0.725 +0.1° 37.54+3.19°
DM/GM 321.2+£22.73¢ 1.01 £0.16® 46.67 = 1.79®
DM/GM+Sumac 103.7+7.68¢ 0.388 £0.12¢¢ 29.8 +1.55¢

The findings are presented as mean + SD (n=7). Statistical significance was identified using one-way ANOVA followed by Post hoc Tukey’s test for comparison
between groups, at p <0.05. significant versus control. ® significant versus DM & GM. ¢ significant versus DM & DM/GM. ¢ significant versus GM group.

Table 2: Changes in the glomerular and tubular parameters under the effect of sumac co-treatment during GM-induced nephrotoxicity in

diabetic rats.

Control Sumac DM GM DM/GM DM/GM+Sumac
Capsular perimeter (um) 389.4+19.17 389.9+22.24 388.3 +15.37 366 £27.09 293.6 +8.89° 382.8+22.85
Glomerular cellularity 103.9+16 102 +10.28 95.1+7.46° 87.2+£8.44¢ 72.6 £11.66 ¢ 102.5+ 100 <
Bowman space area (um?) 1895 £163.3 1927+ 1354 1476 £217* 2631 +328.8% 3021 £ 108.5¢ 1932 + 149«
Tubular perimeter 183.3 + 14.16 1849 +11.77 246.1 +£8.59* 162.1 £10.69® 158+ 10.4°¢ 174.7 £ 14.68 %
Loss of brush border 0.5+£0.7 0.6 +0.69 1.2+14° 28+1.5%® 4+156° 0.7 +0.67
Tubular degeneration 03+04 0.4+0.51 1+£0.672 224 1.48® 33+1.89¢ 0.440.52¢

The findings are presented as mean + SD (n=7). Statistical significance was identified using one-way ANOVA followed by Post hoc Tukey’s test for comparison
between groups, at p <0.05.* significant versus control. ® significant versus DM group. © significant versus DM & GM groups. ¢ significant versus DM/GM

groups, within the same row.

DISCUSSION

The findings of the present study showed drastic
changes in both renal functions and renal histological
structure in gentamicin-intoxicated kidneys when induced
on a background of diabetes. Also, the results showed an
ameliorative effect of sumac co-treatment on such renal
damage via anti-inflammatory, anti-apoptotic, antifibrotic,
and megalin regulatory mechanisms.

The results of both control and sumac alone-treatment
groups were identical regarding the biochemical,
histological, and morphometric findings, so they were
considered the same.

Streptozotocin-induced  diabetic  group  showed
glomerular affection in the H & E findings. Also, swollen
tubular cells were evident. Further confirmation was
reached via morphometric measurement of the glomerular
and tubular parameters. Similarly, Feng et al.*® reported
slight significant parallel glomerular and tubular changes
in STZ-mediated diabetes in rats. These histological
changes were consistent with the significant elevation of
BUN and creatinine in the same group. In the present study,
the diabetic group displayed an increase in the area percent
of TNF-a immunoexpression denoting renal inflammatory
response. Also, there was a significant increase in the
area percent of collagen deposition noticed in diabetic
rats which might be explained by the increased TNF-a
expression. Such an explanation might be in agreement
with Taguchi et al.*" who reported a therapeutic potential

for TNF-a inhibition on renal fibrosis and inflammation in
aristolochic acid-induced mice nephropathy. Furthermore,
the uncontrolled hyperglycemia triggered apoptotic
changes as confirmed by the P53 positive tubular
immunoreaction. This notion was supported by Zhong
et al P who reported Bax and caspase-9 mediated apoptosis
elicited by the oxidative stress-induced hyperglycemia
in diabetic nephropathy. Megalin is a specific marker of
proximal convoluted tubules (PCT) being expressed in the
cytoplasm and apical brush borders. It confers an endocytic
pathway for gentamicin and other legends in PCT®). The
current findings were in harmony with previous studies?**"
which showed a significant increase in megalin expression
in the early staged diabetic kidney. On the opposite, de
Barros Peruchetti er al B reported a suppression in megalin
expression in LLC-PK1 (in vitro model of PCT cells) after
48 hrs incubation with high-glucose concentration.

Collectively, the upregulation of megalin gene/protein
and TNF-a associated with the increase in P53 expression
may highlight the histological characteristics of diabetic
nephropathy in the diabetic group. The current suggestion
was in alignment with the result of Romi et al.”! who
reported a substantial entanglement of megalin in renal
apoptosis and tubular injury in diabetic rats.

In gentamicin alone-treatment group, the H&E findings
referred to vacuolar degenerative changes in the tubular
lining cells and glomerular mesangium. In accordance,
Mohamed and Shenouda® reported both tubular and

486



Mousa et al

glomerular affection in the same rat model of GM-induced
renotoxicity. In addition, the results showed a statistically
significant increase in the mean area percent of TNF-a
immunoexpression which might be accused of the renal
fibrosis induced in the same group and confirmed by the
morphometric measurements of collagen fibers deposition.
In consensus, Liu et alF?! demonstrated that tubular
injury could drive renal fibrosis and chronicity through
the release of several mediators such as TNF-a from the
tubular lining cells which, in turn, enhanced myofibroblast
differentiation and proliferation.

In PCT, megalinreceptor is committed for binding, entry,
and accumulation of GM, where megalin is upregulated
in GM-treated rats®l. In agreement, the current finding
showed a significant increase in the mean area percent of
megalin immunoexpression in gentamicin-treated animals.
Megalin-mediated endocytosis of GM leads to its storage
and accumulation within lysosomes of PCT, lysosomal
membrane breakage (due to phospholipidosis), the release
of GM into cytoplasm, inflammation, and initiating
apoptotic cell death?®?!. In the same context, the results
demonstrat-ed a significant increase in the mean area
percent of P53 when compared to the control confirm-ing
the activation of apoptotic signaling pathways. In harmony,
Denamur et al.*¥] reported a key regulatory role for P53 in
apoptosis signaling pathway which was much expressed
after GM exposure in renal cell lines.

On the other hand, gentamicin injection for 7 days in
already diabetic rats (GM/DM group), resulted in radical
changes in renal histoarchitecture with extreme glomerular
and tubular affection coupled with altered renal functions.
The authors suggested an exaggerated GM toxicity in al-
ready diabetic kidneys. The increased megalin expression
in PCT of diabetic kidneys could facilitate further uptake
and accumulation of GM in tubular lining cells, and hence
more inflammation, and more apoptotic changes which
were evident in the current findings of generous P53 and
TNF- o immunostaining. The authors’ suggestions bear a
close resemblance to Hori ef al.®%) who found that megalin
receptor block by cilastatin could reduce GM-induced
nephrotoxicity.

Recent animal models of combined gentamicin
renotoxicity/diabetic nephropathy were scarce in the
literature however, old studies®®*3”! suggested a protective
effect of DM against GM-induced nephrotoxicity due to
decreased cellular uptake of GM in diabetic rats which was
controversial to our findings.

Sumac (Rhus coriaria) plant is a well-recognized spice
that has powerful antioxidant capabilities that make it
worthy as a treatment modality in common diseases?*®.
In the treatment group (GM/DM + sumac group), sumac
co-treatment with gentamicin in diabetic rats showed
a remarkable maintenance/restoration of the H&E and
immunohistochemical findings of P53, TNF-q, in addition
to downregulation of megalin gene/protein expression, and
restoration of the renal functions, when compared to GM/

DM group. Due to the paucity of literature data, we believe
that no other studies have evaluated sumac efficacy in
gentamicin-induced renotoxicity on a background of STZ-
induced diabetes. However, Dogan A, Celik 1.2% concluded
a curative potential for sumac on STZ-induced rat diabetes
and the associated diabetic nephropathy. Ghaznavi et
al.™ and Ahmadvand™" reported a renoprotective effect
of gallic acid (a sumac constituent), in GM-induced renal
toxicity, via anti-inflammatory and anti-oxidative stress
actions. Nevertheless, one limitation in the current study,
that we would address in future research, was to investigate
the antibacterial efficacy of gentamicin when combined
with sumac.

CONCLUSION

In the present study, STZ-induced diabetic animals
showed an altered renal histoarchitecture. GM alone
treatment resulted in disturbed biochemical, histological,
and immunohistochemical findings. Gentamicin injections
for 7 days in diabetic rats showed marked worsening of
the renal functions, histological findings, and extreme
inflammatory, fibrotic, and apoptotic changes. Nev-
ertheless, sumac co-treatment was found to maintain and
protect against GM-induced toxicity in diabetic rats via
anti-inflammatory, antifibrotic, anti-apoptotic mechanisms
facilitated by LRP2 (megalin) regulatory effects induced
by sumac.

Taken together, the authors reported a directly
proportional relationship between LRP2 gene/protein
expression and P53/TNF-a upregulation. We observed
little LRP2 expression in diabetic-only rats which
increased gradually in gentamicin-only treated rats and
became maximum in gentamicin-treated diabetic rats, then
reversed after sumac treatment. P53 and TNF upregulation
showed a proportional change in the same group sequence.
This could imply LRP2/megalin-dependent P53 and TNF
signaling in the current rat model. Therefore, the study
presents an innovative modality or alternative for persons
at risk for GM nephrotoxicity such as diabetic individuals.
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