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Abstract | Among the most typical reasons of end-stage renal disease (ESRD) is diabetic nephropathy (DN), which is
also rated as a major microvascular complication of diabetes mellitus. The prevalence of diabetic nephropathy is more
than 40% of diabetic patients. Even with current treatments, many individuals with DN progress to end-stage renal
disease and needing dialysis or kidney transplantation. So,the development of new prevention and treatment strategies
of diabetic nephropathy is required. The existent study looked at the impact of dapagliflozin, mulberry fruit and leaves
extracts and their combination on the kidney of diabetic rats. To induce diabetic nephropathy, experimental rats were
supplied with 10% fructose (Fr) in drinking water for the first two weeks. Each Fr-fed animal received an intraperi-
toneal injection of a low single dose of STZ (40 mg/kg) after being fasted for the whole night. Sixty albino rats were
separated into six equivalent groups. Group I control rats administrated 0.5ml distilled water by gavage for six weeks,
group II untreated diabetic rats, group III-VI are diabetic groups; received dapagliflozin (1 mg/Kg daily) by gavage for
6 weeks, mulberry fruit extract (300mg/kg b.wt) by gavage, mulberry leaves extract (250 mg/kg b.wt) by gavage and
combination of DAPA, MFE and MLE, respectively for 6 weeks. Untreated diabetic rats exhibited considerable rise in
serum glucose, urea, creatinine, KIM-1, B2-MG, TNF-a, and TGp1 levels compared to control rats, while treated dia-
betic ones manifested significant decrease in these measures in contrast to the untreated diabetic rats. Also, renal tissue
IL-6, NF-xB and NADPH oxidase manifested significant (P<0.05) increase in untreated diabetic rats, while treated
groups revealed significant decline in comparison to the untreated one. DAPA and mulberry fruit and leaves extracts
optimized IL-10 and renin expression in renal tissue. Histopathological picture of kidney, revealed significant (P<0.05)
improvement in rats received DAPA and mulberry extracts compared to untreated diabetic rats. It could be concluded
that, DAPA, mulberry fruits and leaves extracts alleviated diabetic nephropathy complications due to their powerful
antioxidant and anti-inflammatory effects. Therefore, combining these ingredients in a supplement may be promising
for modulating diabetic nephropathy.
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INTRODUCTION

iabetes mellitus is a chronic metabolic condition

brought on by cellular insulin receptors resistance or
insufficient insulin secretion. It is characterized by raised
glucose level with disturbance of fat, carbohydrate and
protein metabolism (Harikumar ez a/., 2014). Among the
important microvascular complications of diabetes is dia-
betic nephropathy (DN), which is considered the dominant
principle of end-stage renal disease (ESRD) (Forbes and
Cooper, 2013). Despite the fact that diabetic nephropathy
has generally been regarded as a nonimmune condition,
increasing evidence now suggests that the onset and ad-
vance of the condition are greatly influenced by inflam-
matory and immune strategies (Mora and Navarro, 2006;
Tuttle, 2005). As a result, processes related to diabetic ne-
phropathy involve a variety of cells, including macrophages,
monocytes and leukocytes (Chow ez a/., 2004; Galkina and
Ley, 2006), and many other particles, like growth factors
(IL-6, TNF-a, TGF-B1) Pantsulaia (2006) and nuclear
factors (NF-«xB) (Schmid ez a/., 2006).

Nowadays, sodium-glucose cotransporter 2 (SGLT?2) in-
hibitor as Dapagliflozin (DAPA), which is an innovative
oral diabetes medication that increases renal glucose excre-
tion and inhibits reabsorption of glucose by the kidney, thus
lowering plasma levels of glucose without increasing body
weight (Sayed ez /., 2020). SGLT2 inhibitors are useful in
cases with pancreatic dysfunction or insulin resistance. In
experimental models, it was found that dapagliflozin de-
creased lipid metabolism, reduced inflammation, reduced
oxidative stress, and fibrosis, and improved insulin resist-
ance, hence prevented the progress of nephropathy (Kojima
et al., 2015; Terami ez al., 2014). SGLT-2Is were the first
choice for kidney protection in T2DM and CKD Ameri-
can Diabetes Association Professional Practice Committee,
2022. In addition, Use of SGLT2 inhibitors was associat-
ed with lower mortality (Yang ez al., 2022). Also, SGLT-
21s signifcantly reduced kidney and cardiovascular risk in
T2DM and CKD, (Yang ez a/., 2023). Many new medi-
cations are in development but dapaglifozin could be the
major turning factor in managing T2DM (Maksud ez a/.,
2024).

Natural compounds were found to have potential bene-
fits with no adverse side effects, and considered a valuable
source of biologically active substances (Zhang and Ma,
2018). Black mulberry fruits and leaves belong to Morus
family; they are deemed a favorable source of phenolic
compounds that safeguard against a variety of human dis-
eases (Juranic and Zizak, 2005; Shukitt-Hale ez a/., 2008).
Mulberry extract has a potent effect against kidney diseases
through improvement of biochemical parameters reflect-
ing renal functions and displayed lesser glycogen accumu-

lation on histopathology in diabetic rats (Hassanalilou ez
al., 2017). Researchers discovered that the alkaloids pres-
ent in mulberry leaves have a powerful impact on lowering
blood glucose levels by inhibiting a-glucosidase, increasing
insulin sensitivity, and controlling oxidative stress in the
body (Ajebli ez al., 2021). The medicinal parts of mulberry
include leaf, twig, root bark, and fruit, all of which have
remarkable hypoglycemic effects (Liu ez a/., 2023). Mul-
berry leaf water extract attenuated T2D in HFHS diet and
STZ-treated mice by suppressing LPS, eCBs and gut mi-
crobiota pathway (Du ez a/., 2024).

This study hypothesized that dapaglifiozin and mulberry
extract may have a protective effect against diabetic ne-
phropathy in STZ induced diabetic rats through regulation
of IL 10 the anti-inflammatory cytokine and subsequent
inhibition of the pro-fibrotic pathways. Also controlling
hyperglycemia leading to downregulation of renin which
plays a crucial role in diabetic nephropathy complications.

MATERIALS AND METHODS

RaTs AND HABITATION

'The study was held utilizing 60 male Albino rats of weight;
180 to 250g brought from pharmaceutical Pharco organ-
ization, Cairo, Egypt. Rats were maintained for 1 week to
minimize non-specific stress and were brought up at An-
imal House of Faculty of Veterinary Medicine, Suez Ca-
nal University. They were placed in cages with a 12-hour
light/dark cycle and ambient temperatures of 20°C and 55
to 60% relative humidity. Water was provided freely. Rats
were fed on a commercial basal diet. All animals were ran-
domized to treatments to minimize potential bias. The re-
search ethics committee of the Faculty of Veterinary Med-
icine at Suez Canal University (Ismailia, Egypt) approved
the experimental protocol and issued it an approval number

(2023016).

CHEMICALS

Streptozotocin (STZ) purchased from Sigma-Aldrich,
USA, was broken up in a newly processed cold sodium cit-
rate buffer solution (0.1 mol/L, pH = 4.5). Dapagliflozin
powder was purchased from AstraZeneca pharmaceutical
corporation (Egypt) and was suspended in distilled water.
Fructose and glucose were purchased from Loba Chemie
company, Mumbai, India. Ethanol was purchased from
Perfect chemical company, Mumbai, India.

INDUCTION OF DIABETIC NEPHROPATHY

For the first two weeks, experimental rats other than the
control ones were given a 10% solution of fructose (Fr) ad
libitum in drinking water, while normal drinking water was
provided to the control rats ad /ibitum. Every one of the of
the Fr-fed rats got a single STZ (40 mg/kg) intraperitoneal

2024 | Volume 12 | Special issue 1 | Page 1113

o, o R
Qols Links
OResearchers



OPEN@ACCESS

Advances in Animal and Veterinary Sciences

(i.p.) injection after being fasted for the entire night ac-
cording to the method of Wilson and Islam, 2012 whereas,
10% fructose and 40 mg/kg STZ dose proved to be the
best dose for induction of diabetes with low mortality. To
prevent acute hypoglycemia, rats were administered a solu-
tion of glucose (10% w/v) for the first 24 hours of diabetes
induction. Control rats received 1 ml of citrate buffer. Con-
firmation of diabetes was done after 72 h of STZ injection,
the blood was taken from the tail vein, and Accu-Chek Ac-
tive (Roche Diagnostics GnbHD-68298 Mannheim, Ger-
many) was used to measure blood glucose levels. Diabetic
animals were chosen because their non-fasting levels of

blood glucose exceeded 300 mg/dl (Srinivasan ez a/., 2005).

EXPERIMENTATION PROTOCOL
Sixty rats were kept separate into six equal groups of ten
each, in such a way:

Grour I (conTROL) AND GROUP II (DIABETIC NOT
TREATED): Rats were administered 0.5ml distilled water by
stomach tube daily. Group IIT (DAPA): diabetic rats received
dapagliflozin (1 mg/Kg) as described by Oraby ez a/. (2019)
for four weeks (two weeks after induction of diabetes).
Group IV (MFE): diabetic rats treated with mulberry
fruit extract (300mg/kg b.wt) as described by Abouzed
et al. (2020). Group V (MLE): diabetic rats treated with
mulberry leaves extract (250 mg/kg b.wt) as Hassanalilou
et al. (2017). Group VI (Mix): diabetic rats treated with
DAPA + MFE+ MLE at half doses administered in groups
III, IV & V. Treatments were administered daily in the
morning, using stomach tube for six weeks. Fruits and
leaves of mulberry extracts were given from the first day
of fructose solution administration, while dapagliflozin was
given after STZ injection for diabetes induction.

Blood samples were taken using micro capillary tubes from
the retro-orbital plexus at the completion of the experi-
ment, which lasted six weeks, and serum was extracted by
centrifugation at 3000 rpm for 15 minutes. Until analy-
sis, serum samples were kept at =20 °C. The kidneys were
quickly separated. For histopathological examination, each
rat had its right kidney fixed in 10% formalin. For qRT-
PCR and western blot analysis, the left kidney was cleaned
with ice-cold saline, dried, quickly frozen in liquid nitro-

gen, and kept at —80 °C.

SERUM B1OCHEMICAL ASSAY

The enzymatic colorimetric technique was used to esti-
mate the concentration of glucose in the blood, employing
glucose commercial kits (CliniChem company, Hungary)
as represented by Trinder (1969). Serum level of urea was
determined by enzymatic (UV) method, using urea kits
(CliniChem company, Hungary) according to Talke and
Schubert (1965). Serum level of creatinine was estimated
by colorimetric method, alkaline picrate method (Jafté),

using creatinine kits (CliniChem company, Hungary) as
described by Bartels ez a/. (1972). OxiSelect™ Rat Kim-
1 ELISA Kit (CELL BIOLABS, INC. Company, United
States) was used to measure the serum level of kidney in-
jury molecule-1 (KIM-1), according to Han ez a/. (2002).
Serum P2-microglobulin (2-MG) level was determined
using Rat-B2-Microglobulin ELISA kit (KAMIYA BI-
OMEDICAL Company, United States), according to
Viau ez al. (1986). Serum level of advanced glycation end
products (AGEs) was assessed applying Rat AGEs ELI-
SA kit (CUSABIO Company, United States). Serum tu-
mor necrosis factor (TNF-a) amount was estimated by Rat
TNF-o ELISA kit (KAMIYA BIOMEDICAL Company,
United States). Rat TGF-B1 ELISA kit (My BioSource
company, United States) was used to estimate transforming
growth factor-p1 (TGF-P1) level in the serum, as outlined
by Kropf ez al. (1997).

RENAL T1sSUE BIOCHEMICAL ASSAY

Interleukin-6 (IL-6) level in renal tissue, was assessed by
Rat IL-6 ELISA Kit (KAMIYA BIOMEDICAL Com-
pany, United States). Rat NF-xB ELISA Kit (CUSABIO
Company, United States) was applied to assess the nuclear
factor-kappa B (NF-«B) level in renal tissue. Renal NA-
DPH oxidase was measured by Rat NADPH Oxidase
ELISA Kit (Bioassay Technology Laboratory Company,
United Kingdom).

QUANTITATIVE REAL TIME-POLYMERASE CHAIN REACTION
(QRT-PCR) AsSESSMENT OF IL-10 GENE IN RENAL TISSUE:
The SensiFASTTM SYBR® Hi-ROX One-Step Kit was
purchased from Bioline, a median life science company,
UK, and carried out as described by the manufacturer’s
protocol. The yield of total RNA obtained was determined
spectrophotometrically at 260 nm.

Gene bank acces-
sion number

NM_031144.3

Gene Primer sequence
symbol from 5'- 3’

B-actin F: TCCGTCGCCGGTCCA-
CACCC
R: TCACCAACTGGGACGA-
TATG

F: GGCTCAGCACTGCTAT-
GTTGCC

R: AGCATGTGGGTCT-
GGCTGACTG

Sirt-1 XM_032915519.1

ANALYSIS OF THE EXPRESSION OF RENIN PROTEIN IN RENAL
TISSUE BY WESTERN BLOT: The Ready PrepTM protein
extraction kit (total protein) was utilized under the
directions provided by the manufacturer. Every sample of
the homogenized tissues from each group was supplemented
with a protein extraction kit. Bio basic Inc. (Markham,

Ontario, L3R 8T4 Canada) provided the Bradford Protein
Assay Kit (SK3041) for quantitative protein analysis.
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HISTOPATHOLOGICAL SCREENING

At the completion of the experiment, the right kidney of
the rats was taken out and fixed instantly in 10% neutral
buffered formalin. The samples were placed in paraffin
blocks and cut into sections that were 5pm thick. Micro-
scopic examination was conducted on the sections, after
being dyed with periodic Acid-Schiff (PAS) and hematox-
ylin and eosin (H&E) stains.

SEMIQUANTITATIVE SCORING

Lesion scores of renal lesions were performed according to
Gibson-Corley ez al. (2013). Lesions in 10 fields selected
randomly from each slide for each animal and inspected
blindly then the mean was calculated. Lesions Score scale;
0 denotes no change in the tissue; 1 denotes <10%; 2 de-

notes 11-25%; 3 denotes 26-45%; 4 denotes 46-75% and
5=76-100%.

STATISTICAL ASSAY

Homogeneity of variables were checked for normality
using the Shapiro-Wilk test at 0.05 level. Variables were
nonsignificant (Shapiro-Wilk test<0.05), and data were
parametric. Differences between groups were checked us-

ing ANOVA and Duncan’s post hoc test at p<0.05.

One-way ANOVA and Duncan’s post hoc test, SPSS ver-
sion 20 for Windows (SPSS Inc., Chicago, IL) was applied
for all statistical analyses of the obtained data (Mean + SE)
Levesque, 2005. It was presumed that there was statistical
significance among the groups if the P value was < 0.05.

RESULTS AND DISCUSSION

SERUM GLUCOSE CONCENTRATION AND BIOCHEMICAL
MARKERS OF KIDNEY FUNCTION

Serum glucose, urea and creatinine levels revealed consid-
erable (P<0.05) rise in untreated diabetic group related to
the control and treated diabetic ones (DAPA, MFE, MLE
and mix groups). On the other hand, these parameters were
significantly (P<0.05) decreased in the treated diabetic
groups relevant to the untreated diabetic one, with best re-
sults recorded in MLE and Mix groups Furthermore, there
was no notable change in creatinine level between control

and mix group (Table 1).

SoME SERUM KIDNEY INJURY MARKERS

At the termination of the experiment, the levels of KIM-1,
B2- MG, TGF-B1, AGEs and TNF-a in serum revealed
substantial (P<0.05) increment in untreated diabetic rats
in comparison with the control ones. While, diabetic
groups supplemented with DAPA, MFE, MLE and mix of
DAPA, MFE and MLE showed considerable (P<0.05) de-
cline in these analytes in contrast to untreated diabetic one.
Significant variation was recorded between treated groups

with each other in KIM-1, B2- MG, TGF-p1, AGEs and
TNF-a levels. Treated group with mix of DAPA, MFE
and MLE showed significant (P<0.05) drop in B2- MG
serum level in contrast to the control group. Furthermore,
the mix group rats declared significant (P<0.05) minimiza-
tion in the serum values of all above mentioned markers in

comparison with the DAPA rats (Table 2).

Table 1: Effect of DAPA, MFE and MLE on serum

glucose and kidney function biomarkers of diabetic rats.

Parameter Experimental groups

Control Diabetic DAPA MFE MLE Mix
Glucose  120.1f 281.7¢0  227.8° 236.5> 210.6¢ 156.5¢
(mg/dl) £0.95 +2.48 +3.61 +2.62 259 +2.81
Urea 15.01¢  42.45*  34.22> 33.58> 23.92¢ 17.824
(mg/dl) +0.26  +0.34 +0.93 +0.76 +0.71 =0.18
Cr 0.434 0.89* 0.59> 0.61> 0.51¢ 0.43¢
(mg/dl) £0.005 +0.02 £0.01 +0.01 =+0.01 =0.01

Each value represents mean + SE (n=5)

Means in the same row with various superscript alphabets
differ significantly when P was <0.05

»P=0.03;">P=0.04,

Table 2: Effect of DAPA, MFE and MLE on some serum

kidney injury markers of diabetic rats.

Parameter Experimental groups

Control Diabetic DAPA’ MFE MLE Mix
KIM-1 249 536  3.19¢ 3.82° 3.33 2.72°
(ng/ml) £0.01 =+0.005 =0.04 =0.09 =0.01 =0.01
p2- MG 2.63¢ 5.82¢  3.12¢ 411" 3.68 247
(ng/ml)  #0.02 #0.01  +0.009 +0.006 +0.01 +0.02
AGEs 15.00° 67.01*  31.50¢ 44.92° 38.13° 24.99
(pg/ml) 024 2046  x029 +0.65 =032 0.42
TNF-a  857¢  44.08* 20.94% 35.68 25.09° 16.12°
(pg/ml)  £0.06 047  :0.54 +£1.06 =0.10 =0.07
TGF-1  63.737 251.51* 110.34* 179.45" 142.51° 85.03¢
(pg/ml) +0.90 151  +1.16 +1.03 =+1.64 =+0.53

Each value represents mean + SE (n=5)
Means in the same row with various superscript alphabets
differ significantly when P was <0.05

RENAL Ti1sSUE INJURY MARKERS

At 6 weeks of the experimental period, IL-6, NF-xB and
NADPH oxidase exhibited considerably (P<0.05) elevated
levels in renal tissues of untreated diabetic rats as to con-
trol rats. But diabetic groups treated with DAPA, MFE,
MLE and mix manifested notable (P<0.05) decrement in
their levels in comparison to the untreated diabetic rats.
There was significant variance among the treated groups
regarding the renal tissue concentrations of NADPH ox-
idase, NF-xB and IL-6. where best results were recorded
in DAPA and Mix groups. However, treated diabetic rats
with mix of DAPA, MFE and MLE revealed substantial
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Table 3: Effect of DAPA, MFE and MLE on renal tissue injury markers of diabetic rats.

Parameter Experimental groups

Control Diabetic DAPA MFE MLE Mix
IL-6 (pg/ml) 71.29+0.51 241.34'+1.60  122.16°+1.31  178.31*x1.71  150.60°+0.99  87.55°+1.57
NF-«B (pg/ml) 6.63+0.02  18.21°+0.16 10.914+0.16 15.32°+0.20 12.23x0.20  8.09°+0.09
NADPH- oxidase (ng/ml) 1.74'+0.02  4.61+0.006 3.174£0.03 4.05+0.03 3.63°+0.03 2.10°+0.02

Each value represents the mean + SE (n=5)

Means in the same row with various superscript alphabets difter significantly when P was <0.05

control Diabetic DAPA MFE

MLE

MIX

IL-10 gene expression in renal tissue
e=a IL-10

40 -

Mean fluorescence intensity

Figure 1: The mRNA levels of renal tissue IL-10 gene was detected and relatively quantified by RT-qPCR.PCR products
seen by electrophoresis on agarose gel in all studied groups. Lane M: DNA ladder, Lane 1: control, Lane 2: diabetic, Lane
3: DAPA, Lane 4: MFE, Lane 5: MLE and Lane 6: Mix group.

control Diabetic DAPA MFE MLE  MIX

Renin w»

Ratio of Renin protein to Actin

Figure 2: The renal tissue renin protein levels was detected by western blotting. Relative level of Renin protein was
quantitated by densitometry and normalized to actin levels. Shown are representative immunoblots from two independent

experiments with similar results.

(P<0.05) decrease in NF-xB and IL-6 levels related to
DAPA rats (Table 3).

QRT-PCR oF IL-10 GENE IN RENAL TISSUE: In the present
study, IL-10 gene expression in renal tissue was diminished
in untreated diabetic group related to the control one and
treated groups. DAPA and mix treated groups manifested
increment in IL-10 gene expression compared to MFE

and MLE treated groups (Figure 1).

WESTERN BLOT OF RENIN PROTEIN EXPRESSION IN RENAL
TISSUE: At 6 weeks of the experiment, the untreated diabetic
group showed decrement in renin protein expression in
correspondence to control group and treated diabetic
groups. Mix diabetic treated group showed improvement in

renin protein expression compared to other treated diabetic
groups. There was no variation between DAPA, MFE and
MLE treated diabetic groups in renin protein expression

(Figure 2).

RENAL HISTOPATHOLOGICAL RESULTS

As shown in Figure 3, the kidney sections stained with
H&E revealed that nephrons in control rats were normal
and had proximal and distal renal tubules as well as glo-
meruli. The cells of the proximal renal tubules had a nu-
cleus that was either round or oval, and their cytoplasm
was uniform, cuboidal, and eosinophilic, with prominent
brush borders. The cells in the distal renal tubules of the

diabetic rats were swollen, had outstanding cell bounda-
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group, displaying typical glomeruli and renal tubular epithelium. (b) untreated diabetic group, showing vacuolated tubular
epithelium and loss of brush borders of the renal tubules along with glycogen infiltration of renal tubular epithelium. (c)
dapagliflozin group, the renal tubules and glomeruli are nearly normal, and intratubular capillary congestion is minimal.
(d) mulberry fruit extract (MFE) group, showing renal glomeruli with thin-walled capillary tuft. (e) & (f) mulberry leaves
extract (MLE) & mix group respectively, showing normal proximal renal tubules with nuclei that were either round or
oval and homogeneous, cuboidal, eosinophilic cytoplasm with intact brush borders. H&E staining. X 400. Bar (100 pm).
Glomeruli (g), renal tubule (rt), Glycogen infiltration (arrows)
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cells of diabetic rats contained glycogen deposits. Diabetic
treated group with dapagliflozin (DAPA) revealed mild to
moderate improvement in kidney tissue through reduction
of mesangial expansion, thickening of capillary tufts and
hyalinosis. While, diabetic rats treated with mulberry fruit
extract (MFE), sections in the kidney tissue revealed re-
nal glomeruli with thin-walled capillary along with slightly
dilated Bowman’s space, normal renal epithelial cells with
intact basement membranes and preserved brush bor-
ders. Diabetic treated groups with mulberry leaves extract
(MLE) and mix (DAPA, MFE and MLE) showed normal
proximal renal tubules with nuclei that were either round
or oval and homogeneous, cuboidal, eosinophilic cytoplasm
with distinct brush borders. Additionally, they demonstrat-
ed fatty degeneration of renal convoluted tubules and a
slight accumulation of glycogen.

As for kidney tissues stained with PAS (Figure 4), glyco-
gen infiltration in the renal tubule epithelial cells was not
seen in control animals. Glycogen infiltration was observed
in the distal tubules’ epithelial cells in untreated diabetic
group. The distal tubules’ epithelial cells of diabetic treated
group with dapagliflozin were free from glycogen. Diabetic
treated group with mulberry fruit extract (MFE) revealed
glycogen infiltration in the epithelial cells of distal tubules.
Diabetic treated group with mulberry leaves extract (MLE)
& mix groups demonstrating that glycogen is not present
in the distal tubules’ epithelial cells.

SEMIQUANTITATIVE SCORING OF TUBULAR INJURY

Injury of the kidney was quantified and shown in Figure
5, statistical analysis of renal lesions score exhibited sig-
nificantly higher scores in rats treated with STZ in com-
parison with the control group. Meanwhile, DAPA and
MFE&MLE treated rats showed significant declines in
the renal lesions score, compared with rats in the STZ
group. Moreover, mix group restored a fairly normal mor-

phological appearance of the kidney (Figure 5).

Long term of diabetes represents a threat to the patient’s
kidney known as Diabetes nephropathy (DN), which is
a major diabetic complication caused by hyperglycemia,
which damages the nerves and blood vessels. DN is still the
most noted explanation of end stage renal disease (ESRD)
worldwide (Boer e£ a/., 2011).

Kidney damage was obvious in the current study, hyperg-
lycemia and elevated creatinine and urea serum levels were
recorded in untreated diabetic group. Greater protein ca-
tabolism is linked to a higher urea concentration in dia-
betic rats. The elevated serum levels of urea and creatinine
were clear indicators of impaired kidney function, which
lead to nephrotoxicity due to induction of STZ (Ronco ez
al., 2010), as at least half of the kidney nephrons must be

damaged for the serum creatinine level to increase. Also,
Ceriello ef al. (2000) illustrated a favorable link between
nephropathy advancement and hyperglycemia. As, it was
recorded that diabetic rats’ renal tubules accumulate glyco-
gen in form of clusters by virtue of hyperglycemia (Nan-
nipieri ez al., 2001) that was confirmed by our histopatho-
logical inspection of kidney tissue.

Contrarily, treated rats with DAPA displayed enhancement
in renal function parameters compared to untreated dia-
betic animals, by reason of the prohibition of endoplasmic
reticulum stress, inflammation, apoptosis and fibrosis, and
due to reduction of lipids accumulation in the diabetic rats’
kidneys (Jaikumkao 7 a/., 2018). This was in harmony with
Thomas, 2014, who denoted the possible anti-inflamma-
tory and antioxidant effects of DAPA through decreasing
the proximal tubule’s reabsorption of glucose and sodium.
'Thus, reabsorption of glucose from the glomerular filtrate
is controlled by SGLT2, which seems to be the main trans-
porter involved in renal glucose transport, therefore reduc-
ing hyperglycemia and promoting renal glucose excretion
would be achieved by inhibiting SGLT2 by dapagliflozin
(Han ez al., 2008). Over and above, proximal tubular cells
that are exposed to high glucose levels have altered func-
tions, such as elevated production of reactive oxygen species
and advanced glycation end products, as well as increased
expression of pro-inflammatory cytokines, growth factors,
and profibrotic mediators. The onset and advancement of
diabetic nephropathy have been linked to each of them.
Since SGLT2 is the primary mechanism of glucose entry
into the tubular cell, which mediates the induction of these
pathways, inhibiting SGLT2 would seem to be a helpful
strategy for lowering intracellular exposure to glucose in
the proximal tubule and, thus, its detrimental effects there

(Thomas, 2014).

Furthermore, Diabetic rats treated with mulberry fruit and
leaves extract and mix showed an improvement in serum
glucose, urea and creatinine levels. Similarly, (Abouzed
et al., 2020) stated that the black mulberry fruit extract
ameliorated the renal function biomarkers in diabetic rats.
Mulberry extract might advantageously affect diabet-
ic confusions, like renal dysfunction, by keeping up with
blood glucose homeostasis in diabetic rats. Rutin, as a ma-
jor polyphenol in the MFE, has a hypoglycemic impact
because it increases the action of the insulin-dependent
receptor kinase, which activates the pathway for insulin
signaling and causes an increase in glucose absorption and
GLUT4 translocation (Hsu e al., 2014; Min et al., 2020)
demonstrated that increased antioxidant enzyme action
in the pancreas and kidneys was linked to mulberry’s an-
tioxidant properties. These results also revealed that rats
treated with mulberry leaves showed significant improve-
ment in renal function tests compared to mulberry fruits
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Figure 4: Shows histopathological findings of the kidney sections of diabetic rats in different groups (a-f). Control group
(a) showing no glycogen infiltration in renal tubules’ epithelial cells. Untreated diabetic group (b), showing glycogen
infiltration in the distal tubules’epithelial cells. Dapagliflozin group (c), the epithelial cells of distal tubules were free from
glycogen. Mulberry fruit extract (MFE) group (d), showing glycogen infiltration in the distal tubules’ epithelial cells.
Mulberry leaves extract (MLE) and mix group [(e) and (f)] respectively, demonstrating that the distal tubules’ epithelial
cells do not contain any glycogen. PAS staining, Bar (50 pm). Glomeruli (g), renal tubule (rt).
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group because of the high chlorogenic acid content, which
has anti-inflammatory and antioxidant characteristics and
y

can show the development of DN by modifying the Nrf2/
HO-1 and NF-«kB pathways (Bao ez a/.,2018).
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Figure 5: Semiquantitative scoring of tubular injury as
described in the Methods.

*P < 0.001 vs other groups. # P < 0.05 vs cisplatin treated
group (n =5).

The anti—diabetic effect of mulberry leaves is due to the
presence of 1-Deoxynojirimycin which inhibits the o-glu-
cosidase activity, decreases serum insulin and glucose levels
and improves carbohydrate metabolism (Bai ez a/., 2021).

The trans-membrane protein, Kidney injury molecule
(KIM-1) has been identified as a particular biomarker
for the early detection of acute and chronic kidney im-
pairment in laboratory animals (Sabbisetti ez a/., 2013).
Beta-2-microglobulin ($2-MG) has been used to de-
termine the glomerular filtration rate as it is eliminated
by the kidney (Amighi ez a/., 2011). Serum KIM-1 and
B2-MG levels showed notable rise in diabetic untreated
animals related to control animals. This could be attrib-
uted to injection of STZ which increases the free radicals
that damage the proximal tubule of the kidney. The pres-
ent results are analogous to (Humphreys ez 4/, 2013) who
stated that mice’s tubule-interstitial fibrosis was caused by
chronic KIM-1 expression. It has been demonstrated that
when renal function deteriorates, the serum concentration
of B2-microglobulin increased before the concentration
of serum creatinine. However, f2-MG level in serum has
been recommended as a superior indicator of glomerular
filtration rate than creatinine level in serum (Bianchi ef a/.,
2001). Where, serum globulin f2-MG is of low molec-
ular weight, has high stability and can be filtered by the
glomerular filtration membrane before being absorbed by
the proximal convoluted tubule. Increased serum B2-MG
levels in T2DM patients frequently signify that the pa-
tient’s glomerular filtration function is impaired (Kim e7

al.,2020). This is also in accord with (Kamal ez a/., 2021).

The existent findings revealed that diabetic animals treat-
ed with DAPA showed significant decrement in KIM-
1 level. Similar results were recorded by (Dekkers ez al.,
2018) where excretion of inflammatory marker IL-6 and
proximal tubular marker KIM-1 in urine is reduced after
6 weeks of dapagliflozin medication. Since KIM-1 is a
particular marker for hypoxia damage to proximal tubular
cells due to high oxygen demand for glucose and sodium
reabsorption in case of diabetes, but dapagliflozin lessens
the damage to these cells (Lin ez a/., 2014). KIM-1 levels
might be an indicator of novel treatments like SGLT2 in-
hibitors that protect the kidneys. Where, SGLT2 inhib-
itors can minimize proximal tubular damage in diabetic
kidney disease by lowering the need for re-absorptive ac-
tivity thus improving the tubular hypoxia (Liu ez a/., 2021).
Also, MFE, MLE and mix groups showed significant de-
cline in KIM-1 level correlated to the untreated diabetic
one. This reduction could be due to antioxidant activity
of mulberry extract where numerous researches had prov-
en the antioxidant effect of black mulberry with different
methods, including DPPH assay (Chen ¢z a/., 2016; Souza
et al., 2018; Wang ez al., 2018) that came in the same line
with the present results. Additionally, several flavonoids
and phenolic compounds isolated from black mulberry ex-
tracts demonstrated potent anti-diabetic effects via o-glu-
cosidase inhibition (Xu ez a/., 2020) thus reducing glucose
level in the blood which leads to reduction of KIM-1 level.

Serum levels of AGEs, TGF-B1 and TNF-a were sub-
stantially raised in untreated diabetic group in comparison
with the control one. AGEs are glycated proteins or lipids
by the action of high glucose level (Goldin e a/., 2006).
One of the harmful impacts that non-enzymatic alteration
of plasma proteins may have, is the formation of oxygen
free radicals (Negre-Salvayre ez a/., 2009). Glycation may
alter the cell function, where the target protein and lipid
get denatured and lose their functionality, organopathy re-
sults from the tissue buildup of AGEs, cell receptor-me-
diated signaling pathways are activated, and oxidative and
carbonyl stresses are produced (Yonekura ez a/., 2005). It
was previously recorded that, DN patients have higher lev-
els of serum TNF-o and TNF receptors, which are indi-
cators of renal deterioration and the likelihood of ESRD
(Niewczas ez al., 2012). TNF-a is a pleiotropic cytokine
that promotes pro-inflammatory mediators, apoptosis, and
necroptosis via activating TNF receptors (Vassalli, 1992).
On the contrary, diabetic rats received DAPA showed sig-
nificant decline in serum AGEs, TNF-a and TGF-B1 in
contrast to rats in diabetic group. As previously demon-
strated by Moses e# al., 2014 that type 2 diabetes patients
may have raised SGLT-2 proteins levels, which raise the
glucose renal threshold and aggravate hyperglycemia giv-
ing rise to renal damage and diabetic nephropathy. There-
fore, oral administration of SGLT-2 inhibitors prevent the
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glucose reabsorption in order to manage blood sugar levels
(Yao et al., 2018) and reduce renal tubule fibrosis and in-
flammatory response (Komala ez a/., 2013). It was previ-
ously believed that the predominant driving force behind
the increased expression of transforming growth factor
(TGF-B) is tubular glucose reabsorption through SGLT2
due to hyperglycemia, which involved renal proximal tubu-
lar growth that in turn gives rise to nephropathy and renal
fibrosis. Emaglifozin, a SGLT?2 inhibitor, has declared its
ability to reduce renal hypertrophy linked to experimental
diabetes by inhibiting glucose reabsorption (Vallon ez al.,
2014). Over and above, (Yuan e7 a/., 2023) observed that
IL-1B, TNF-a and IL-6 were reduced by dapagliflozin,
which in turn reduced kidney fibrosis and inflammation.
Mulberry leaves demonstrated anti-inflammatory effects
by means of IL-6, TNF-o and IL-1f prohibition which in
turn suppress NF-«kB, which is implicated in inflammation
brought on by macrophage activation (Park ¢z /., 2013).

Transforming growth factor pl (TGF-P1) is a versatile
cytokine that regulates a variety of biological processes,
including apoptosis (Wiener e al., 2014), cell division
(Barcellos-Hoff and Cucinotta, 2014) and immunity (Ste-
phen ez al.,2014), plus patients with diabetes mellitus have
higher levels of TGF-B1 mRNA and protein expression
in their kidneys (Yamamoto ez a/., 1993). As a result of
TGF-B1 promoting extracellular matrix formation and
mesangium cell hypertrophy, the rate of glomerular filtra-
tion is reduced, and chronic renal failure results. As well
known that, diabetes decreases the glucose availability, the
metabolic switch from glycolysis to oxidative phosphoryl-
ation takes place by utilizing more fatty acids as a source of
energy (Chang ez a/., 2016). Therefore, the mitochondrial
electron transport chain stimulates the three fundamen-
tal hyperglycemic deterioration pathways - generation of
AGEs, polyol pathway motivation and protein C kinase
stimulation - and also boosts superoxide production (Ni-
shikawa ez a/.,2000). Additionally, excessive hyperglycemia
triggers reactive oxygen species (ROS) through NADPH
oxidase, mitochondrial electron transport chain and pro-

tein C kinase (Lee ef a/., 2003).

It has been documented that, the primary ROS genera-
tor in the vasculature is NADPH oxidase (Bendall ez a/.,
2007). As well, through NADPH oxidase, AGEs can ex-
actly motivate the ROS genesis (Wautier ¢z 4/, 2001).

Our results declared that, untreated diabetic group was
considerably greater than the diabetic treated groups and
the control one regarding renal tissue IL-6, NADPH-ox-
idase and NF-«B. It has been discovered that a high glu-
cose level led to the provocation of NF- kB and the stim-
ulation of pro-inflammatory cytokines (Lin ez a/., 2012).
AGEs ligated to particular receptors (RAGEs) can also

trigger NF-kB stimulation (Wendt ¢ 4/, 2003). Yet, a
NF-«B-dependent pathway increased 1L-6 expression in
podocytes subjected to raised levels of glucose (Brasier,
2010). Similarly, Yang ez a/. (2022) verified that hyperg-
lycemia may trigger the kidney’s immune response via the
TLR2/Myd88/NF-kB signaling pathway, which would

cause diabetic kidney disease to develop.

To the contrary, diabetic rats received dapagliflozin mani-
tested significant reduction in renal NF-«B and IL-6 ex-
pression in correspondence to untreated diabetic rats. In
addition to suppressing NF-kB DNA binding action in-
duced by extreme glucose, the SGLT?2 inhibitor reduced
IL6 expression (Panchapakesan ez a/., 2013). The current
study noted DAPA’s useful impacts on inhibition of re-
nal NF-«B in diabetic rats, with subsequent diminution
of IL-6 generation. Besides, Yao e a/. (2018) studied the
reno-protective impact of DAPA on human diabetic ne-

phropathy via inhibiting NF-kB pathway.

Moreover, MFE, MLE and mix groups significantly di-
minished renal NF-xB and IL-6 related to the untreat-
ed diabetic group. These outcomes could be coming from
the presence of flavonoids and chlorogenic acid, which
regulate NF-«kB expression and prevent inflammation-re-
lated oxidative stress. Additionally, they are crucial in the
inflammatory cytokine signaling process (Oliveira ez al.,
2016). Moreover, Chen e7 a/. (2016) said that the anti-in-
flammatory properties of total flavonoids of mulberry may
be related to their antioxidant capacity.

Renal NADPH oxidase was diminished in DAPA group in
correspondence to the untreated diabetic one. The conserv-
ative outcome of dapagliflozin has been related to glucose
level normalization, loss of body weight, natriuresis and
the fall of intra-glomerular pressure (Gérriz ez al., 2020
Vergara et al., 2019). It was similar to Terami ez a/. (2014)
who found that dapaglifiozin may lessen oxidative strain
by inhibiting the output of ROS in the kidneys of mice
that are derived from Nox4. Moreover, Liu e a/. (2010)
Concluded that the inhibition of AGEs/RAGE and the
prohibition of NADPH oxidase and NF-kB stimulation,
are linked to the influence of pioglitazone on insulin resist-
ance in rats consuming fructose.

Moreover, renal NADPH oxidase was significantly de-
creased in rats supplied with MFE, MLE and mix groups
corresponded to the untreated diabetic one. It could be ac-
counted for the existence of anthocyanins in the extract of
mulberry fruit, which are outstanding antioxidants that are
more capable for hunting free radicals (Du ez a/., 2008).
Also, the presence of flavonoids and phenolic compounds
which are the largest phytochemical molecules owning
a strong antioxidant action (Huyut ez a/,, 2017; Li ez al.,

2024 | Volume 12 | Special issue 1 | Page 1121

o, o R
Qols Links
OResearchers



OPEN@ACCESS

Advances in Animal and Veterinary Sciences

2014). It is similar to Ji ez a/. (2019) who demonstrated that
mulberry leaves inhibited the activity of NADPH oxidase.

Both the development of chronic renal failure and normal
renal physiology are significantly influenced by IL-10. In
a healthy adult kidney, the primary local source of 1L-10
is mesangial cells (Sinuani ez a/., 2006). Mesangial cells
that have been activated begin to secrete a lot of chemok-
ines, cytokines and extracellular matrix proteins which af-
fect the renal IL-10 expression. In turn, these factors have
affect the mesangial cells and mediate interactions with
blood inflammatory cells and endothelial and epithelial
tubular cells (Schlondorff and Banas, 2009). In the exist-
ing study, the untreated diabetic group showed inhibition
in renal IL-10 gene expression compared to control group.
It was parallel to Summers ez a/. (2011), who reported that
the histological changes and decreased renal function are
both achieved by inhibition of IL-10. But, DAPA and mix
treated rats exhibited raised IL-10 renal expression which
explained the anti-inflammatory effect of DAPA. Also,
Yuan et al. (2023) recorded elevated levels of IL.-10 in dia-
betic mice treated with DAPA.

The earliest glomerular hemodynamic disruption in DN is
largely mediated by the renin-angiotensin system (RAS).
'The kidney’s juxtaglomerular cells produce the proteolytic
enzyme renin. Angiotensinogen is converted by renin into
angiotensin I, that is transformed into angiotensin II (Ang
II) by the action of angiotensin-converting enzyme (ACE)
(Paul ez al.,2006). Angiotensin IT is another important pro-
tein that controls the expression and synthesis of cytokines
that are implicated in various processes like cell prolifera-
tion, inflammation, fibrosis, and death (Ruiz-Ortega ez al.,
2001; Sadoshima, 2000). In the existing study, renal renin
protein expression was decreased in the untreated diabetic
group. While, diabetic treated groups with DAPA, MFE,
MLE and their mix showed enhancement in renal 11.-10
and renin expression when compared to untreated diabetic
group. Dapagliflozin increases renal IL-10 and renin ex-
pression as a result of histopathological changes in kidney
which declared nearly normal renal glomeruli and renal
tubules. Similar to Yang ez a/. (2022), who found an im-
provement in renal histopathological findings in diabetic
rats treated with dapagliflozin.

Moreover, renal tissue of diabetic rats supplied with mul-
berry extracts revealed regular proximal renal tubules with
nuclei that were either round or oval and cuboidal cyto-
plasm with prominent brush borders that increase the ex-
pression of renal IL-10 and renin in the current study. It
was similar to Zhang ¢z a/. (2019) who confirmed the effect
of mulberry components on renal tissue.

CONCLUSIONS AND
RECOMMENDATIONS

Administration of DAPA, MFE and MLE extracts ame-
liorated the diabetic complications on the kidney via de-
pression of serum glucose, urea, creatinine, KIM-1, f2-
MG, TNF-0, and TGp1 levels and renal tissue levels of
IL-6, NF-xB and NADPH oxidase together with im-
provement in IL-10 and renin expression in renal tissues.
The best reno-protective action was noticed in a mixture
group followed by MLE group then MFE one. Finally,
combining these ingredients might be successful in reduc-

ing the risks of diabetic nephropathy.

The results analyzed in this study are based on rat diabe-
tes models; however, as humans and animals have different
physiologies, metabolisms, and other characteristics, more
investigation is required to confirm the efficacy of mulber-
ry in diabetes patients. Furthermore, the long-term effects
of SGLT-2 inhibition on kidney tissue and inflammatory
biomarkers were not examined in this investigation, which
presents further limitations. Lastly, more research is need-
ed to guarantee the constant quality and concentration
of mulberry extracts, which will deepen the conversation
about real-world use.
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