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Nephroprotective Potential of Ginger, Diosmin, and Their
Combination on Induced Diabetic Nephropathy in a Rat Model:
Light and Electron Microscopic Study

Abstract

Background: Hyperglycemia is a chronic illness that is associated with
diabetes. Patients with diabetes have been found to have many alterations in their
renal functioning. The aim of this study was to evaluate the potential benefits of
diosmin and ginger, either separately or in combination, for diabetic nephropathy that

was experimentally produced.

Materials and Methods: Group I, ten rats stood as a control group. All rats
(except control group) were given a single intraperitoneal dose of alloxan (150 mg/kg
body weight) to induce type 2 diabetes. Group Il consisted of ten diabetic rats. Other
ten diabetic rats received 100 mg/kg diosmin orally for six weeks as part of Group Il1I.
Also other ten diabetic rats; part of Group IV received 400 mg/kg of ginger orally for
six weeks. The last ten diabetic rats in Group V received oral treatment for six weeks
with ginger (400 mg/kg) and diosmin (100 mg/kg). Rats were sacrificed after the six
weeks, and kidney tissue and blood samples were taken for several biochemical
analyses. Both an ultrastructural investigation and hemotoxylin and eosin staining
were performed. The desmin and Nrf2 immunohistochemical markers were used.

There were statistical and morphometric studies performed.

Results: the diosmin plus ginger therapy showed a considerable decrease in
blood glucose, urea, and creatinine in contrast to rats with diabetes. After six weeks,
there was a noticeable recovery in the levels of malondialdenyde (MDA), catalase
(CAT) and superoxide dismutase (SOD). Histopathological analysis verified that
group V likewise had apparently normal renal tissue architecture. When compared to
the diabetic group, area% of Desmin in group V was much lower, while its area% of
Nrf2 was significantly greater.

Conclusion: Ginger treatment alone or in combination with diosmin exhibited

more pronounced improvement in diabetic nephropathy.
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Introduction

Diabetes mellitus (DM) is defined by a persistently high blood sugar level
coupled with abnormalities in the metabolism of carbohydrates, lipids, and proteins.
These abnormalities can be caused by deficiencies in either alter the release of insulin,
the function of insulin, or both ). Elevated glucose concentrations in the cellar area
cause oxidative stress because they enhance the formation of free radicals and lower
natural antioxidant defenses. The development of diabetic problems is closely linked
to oxidative stress, which is primarily caused by the production of free radicals that
cause tissue damage. Diabetes is a major contributor to kidney failure, coronary heart
disease, stroke, lower limb amputation, and blindness ?. Various insulin formulations
and oral hypoglycemic drugs, such as sulfonlyureas, are being utilized to treat Type 2
diabetes. These medications provide only moderate protection against renal

advancement, despite their substantial benefits in managing hyperglycemia ©.

Ginger, or Zingiber officinale roscoe, is a member of the Zingiberaceae family
and is a common spice in cooking. Zingiber officinale has major biologically active
chemicals such paradols, shogaols, and gingerols, but a chemical examination reveals
that it contains over 400 distinct compounds. Common illnesses including headaches,
nausea, and colds are frequently treated with ginger alone . Zingiber officinale has
been shown to have a variety of therapeutic effects in mouse experiments, including
anti-emetic properties in cancer treatment © and anti-inflammatory properties against
inflammation-related disorders such colitis ®. Many in vitro and in vivo studies have
looked at ginger's and its compounds' anti-oxidative properties. The results showed
that ginger decreased induced lipid peroxidation and markedly increased serum

glutathione and antioxidant enzyme levels .

Diosmin (diosmetin 7-O-rutinoside, C28H32015) is a naturally present
flavone glycoside that is commonly found in citrus trees that are part of the rutaceae
family, which includes tangerines (Citrus reticulata). Its molecular weight is 608.549
g/mol. It presents significant pharmacological properties like anti-oxidant, anti-
inflammatory, anti-hyperglycemic, anti-mutagenic, anti-rheumatic, and anti-allergic

properties ®). Diosmin has been shown in a recent study to protect against cadmium-
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induced liver damage ®, cerebral ischemia @ and memory impairment brought on by

traumatic brain damage .

The current study aimed to: assess zingerone's protective effect against
induced-diabetes; assess Diosmin's protective effect against diabetes-mediated
nephropathy; assess the protective effect of their combination; and compare the
renoprotective effect of both drugs with induced-diabetes through changes in the

kidney's histology.
Materials and Methods

Animals
we used fifty adult male albino rats, ranging 200-250 g of weight that we bought from
the Faculty of Medicine's animal house at Cairo University. The rats were housed in
standard conditions, 24 + 10°C, 65 £ 5% humidity, and a reversible 12-hour light/dark
cycle. All rats had access to clean water to drink and eat. The Benha Ethics
Committee's approval was granted in compliance with the rules of ethics for
experimental animals (Ethical Approval NO.: RC 16-9-2023).

Chemicals
Alloxan monohydrate powder (Cat no. A7413- 10g) was supplied from Sigma-
Aldrich Chemie GmbH.

Diosmin powder (CAS no. 520-27-4) was obtained from Sigma-Aldrich Chemie
GmbH.

Ginger was obtained from MEPACO Company (Sharquia, Egypt) as 30 tablets (each
tablet has 400 mg of ginger rhizome powder).

Experimental design

Five experimental groups were randomly selected from among fifty rats; each

group was included:

Group 1 (control group): consisted of ten rats. The rats were separated into

five subgroups, each consisting of two rats as follows:
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Subgroup la: rats were given a standard diet for six weeks.

Subgroup Ib: rats was injected intraperitoneally with 1 ml of normal saline as

single dose equal the amount used to dissolve alloxan monohydrate.

Subgroup Ic: rats were given diosmin 100 mg/kg (dissolved in saline in total
12

volume of 1 ml) orally through gastric gavage every day for six weeks
Subgroup Id: rats were received with 400 mg/kg of ginger (dissolved in saline

in total volume of 1 ml) orally every day for six weeks through gastric gavage 2.

Subgroup le: rats were given diosmin 100 mg/kg (dissolved in saline in total
volume of 1 ml) in addition to 400 mg/kg of ginger (dissolved in saline in total

volume of 1 ml) orally by gastric gavage for six weeks.
Group 11 (Diabetic group):

All of the other forty rats were used to induce Diabetes.
Rats, that had been starved all night, were given 150 mg/kg of alloxan monohydrate
(dissolved in saline in total volume of 1 ml) through an intraperitoneal injection. The
blood glucose monitoring equipment (SD biosensor Inc. Korea) was used to measure
the blood glucose levels from the tail vein after a fast of 72 hours. Rats that tested for
blood glucose and recorded more than 250 mg/dl were chosen to complete this study.
Since alloxan induces fatal hypoglycemia six hours after injection, the rats were fed a
20% glucose solution for the next twenty-four hours in 50 ml small water feeding
bottles 4. After that, the rats with developed diabetes were fed a regular diet for a

period of six weeks.

As a result, ten diabetic rats were housed for six weeks without receiving any
medication and considered as diabetic group as chronic hyperglycemia is typically the
precursor to diabetic nephropathy 4. The remaining thirty diabetic rats were used in
group 11, IV and V.

Group 11l (Dio group): ten diabetic rats were received diosmin treatment
(100 mg/kg orally every day for six weeks as in subgroup Ic) after diabetes was well
established (induction of diabetes by alloxan as mentioned in group I1).
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Group IV (Gin group): ten diabetic rats were received ginger (400 mg/kg
orally every day for six weeks as in subgroub Id) after diabetes was well established

(induction of diabetes by alloxan as mentioned in group I1).

Group V (D+G group): ten diabetic rats received combination of ginger and
diosmin in a dose as in subgroup le after diabetes was well established (induction of

diabetes by alloxan as mentioned in group II).

The rats were anesthetized at the end of the trial by breathing in diethyl ether.
After the rats were sacrificed, blood sample (5 ml.) was collected from tail vein of
each rat in the plain tube for biochemical analysis to determine blood glucose levels
and renal functions. Specimens were prepared for light and electron microscopy
investigations following kidney dissection.

Biochemical measurements

The blood glucose levels were measured using the blood glucose monitoring
equipment. Blood samples were centrifuged for 20 minutes after being allowed to clot
for two hours at room temperature. The serum was easily removed and stored at -20
°C. The enzymatic, colorimetric approach was used to determine the urea level @9,
Quantitative reagent kit also used to test creatinine level . All the kits were

purchased from Biodiagnostics Co. (Cairo, Egypt).
Oxidative stress and antioxidant biomarkers

After being dissected, sliced frozen kidneys were mixed with distilled water
until smooth. A clear kidney homogenate supernatant was used to identify antioxidant

and oxidative stress indicators.

Considering that the quantity of malondialdehyde formed when
polyunsaturated fatty acids break down, the MDA (lipid peroxidation) (MDA
Elabscience Kit Catalog No. E-EL-0060, USA) was estimated 7. Additionally, the
level of superoxide dismutase activity (SOD antioxidant enzyme) (SOD Elabscience
Kit Catalog no. E-EL-R1424, USA) was measured using the Marklund and Marklund
approach 1® because pyrogallol inhibits auto-oxidation by catalyzing the breakdown
of superoxide. Monitoring the breakdown of hydrogen peroxide enzyme, which is
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catalyzed by potassium permanganate, allowed researchers to determine the degree of
antioxidant enzyme of CAT (CAT Elabscience Kit Catalog No. E-BC-K031-M,
USA) @9,

Histological and immunohistochemical studies

Right kidney specimens were embedded in formalin saline 10% buffer.
Paraffin sections ranging in thickness from 5 to 7 um were arranged and placed on
glass slides for staining with H and E @9, Sections of tissue that had been
deparaffinized, were treated with 3% H202 for thirty minutes. Following this, they
were incubated with anti-Desmin and anti-Nrf2 (Nuclear factor erythroid 2-related
factor 2) for one hour at 37 °C as directed by the manufacturer. The method used to

complete was taken from Jakkson, & Blgthe Y,

The primary Rabbit Recombinant Monoclonal Desmin antibody was used
(ab227651, Abcam [SP138], Waltham, MA, 1:100). Brown color in the cytoplasm of
glomerular podocytes served as an indicator of podocyte stress ¢, Nrf2 (PA5-27882,
Thermo Fisher Scientific, Rockford, USA, 1:100) is one of oxidative stress response
marker that binds to antioxidant response elements in the promoter regions. The

positive reaction was brown color in the cytoplasm of renal tubules @2,

In the Anatomy and Embryology department of the Faculty of Medicine at
Benha University, H&E and Immunohistochemical sections were examined and
captured on camera using a light microscope (Olympus CX 41, Japan) and an attached

camera (Olympus E 330, Japan).

Ultrastructural preparations

Left kidney samples of approximately 1 mm?® were sliced and preserved in a
3% glutaraldehyde—formaldehyde solution for ultrastructural examinations. After
being cleaned with PB (pH 7.4), these samples were post-fixed for an hour at 4 °C in
1% isotonic osmium tetroxide post. The sections were processed for electron
microscopic analysis. We stained the semi-thin slices with toluidine blue in order to
determine the target location. After that, we used glass blades from an ultramicrotome
to create ultrathin slices ?%. After staining the specimens with lead citrate and uranyl

acetate, we examined the samples under an electron microscope using the JEOL
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(JEM-100 SX Akishima, Tokyo, Japan) transmission. It was carried out at the Benha
University Faculty of Medicine's Electron Microscopy Unit at the Histology
Department.

Statistical analysis

The % area of Desmin and Nrf2 positive expression in the
innunohistochemical renal sections at 400x magnification was determined using the
Image J software analyzer computer. Using SPSS v28 (IBM Inc., Armonk, NY, USA)
for the statistical analysis, All information, including the mean Area (%) of positive
immunohistochemistry expression levels of Nrf2 and Desmin in immune stained
sections was represented as mean+SD for each group. Also, blood glucose, serum
urea and creatinine levels, MDA, SOD and CAT levels were represented as mean+SD
for each group .The two groups were compared using the ANOVA (F) test. The
qualitative variables were analyzed using the Chi-square test, which were given as
frequency and percentage (%). P-values of less than 0.05 and higher than 0.05,
respectively, indicated that the results were statistically significant and nonsignificant

at that point.

Results

Biochemical measurements

Diabetic group, Dio and Gin groups had significantly increase in glucose
levels than group I. Dio, Gin and D+G groups had significantly decreased in glucose
levels than Diabetic group. Gin and D+G groups had significantly lower glucose

levels than Dio group (table 1).

In comparison to control group, the urea level increased significantly in Dio,
Gin and D+G groups. In comparison to Diabetic group, the urea level decreased
significantly in in Dio, Gin and D+G groups. In comparison to Dio group, the urea
level decreased significantly in in Gin and D+G groups, and it was significantly lower

in D+G group when compared to Gin group (table 1).

Diabetic and Dio groups had significantly increased in creatinine levels than
control group. In comparison to Diabetic group, the levels of creatinine in Dio, Gin
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and D+G groups were significantly decreased. It was significantly decreased in D+G

group when compared to Dio group (table 1).

Oxidative stress and antioxidant biomarkers

In comparison to control group, MDA was significantly increased in Diabetic
group Dio and Gin groups. MDA in Gin and D+G groups was significantly decreased
than in Diabetic group. Furthermore, MDA was significantly increased in Gin group
as compared to D+G group and significantly decreased in Gin and D+G groups as

compared to Dio group.

In comparison to control group, the SOD levels in Diabetic, Dio, and Gin and
D+G groups were significantly reduced. In comparison to Diabetic group, the SOD
levels in Gin and D+G groups were significantly increased. SOD level in D+G group

was significantly decreased than that of Dio and Gin groups.

In comparison to group I, the levels of catalase in Diabetic and Dio groups
were significantly decreased. Gin and D+G groups were significantly increased of
catalase than in Diabetic group. Catalase level of D+G group was significantly

increased comparing to Dio group.

Hematoxylin and eosin stain

Kidney segment examination of every subgroup in control group produced the
identical histological results; hence they were all regarded as a control group. H and
E-stained slices of the control group showed the renal tubules and the renal corpuscle
in the renal cortex. The renal corpuscle consisted of renal glomeruli, which were
surrounded by Bowman's capsule and had a tuft of capillaries. The urinary gap is what
separated Bowman's capsule from the glomerulus. A single layer of basic squamous
epithelium coated the parietal covering of Bowman's capsule. Cuboidal cells with
acidophilic cytoplasm bordered the proximal convoluted tubules (PCT). They had
centrally located, vesicular, rounded nuclei. The apical brush borders and poorly
defined boundaries were seen in the cells. In the distal convoluted tubules (DCT), the
lumen was broad. The cuboidal cells lined DCT and had spherical vesicular nuclei
(Figure.1)
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However, diabetic group had shrinkage in glomerular capillaries with wide
urinary space. The majority of the PCT had dilated lumen and missing of apical brush
border. Renal tubules had intraluminal debris, which indicated desquamated cells.
Both the proximal and distal tubular cells showed vacuolated cytoplasm (Figure.2).

On the other hand, administration of Diosmin in group Il improved
glomerular structure and increased Bowman's space. Most likely, some of the renal
tubules were normal. Certain tubular cells exhibited dark stained nuclei and

cytoplasmic vacuolizations (Figure.3).

The diabetes histological alterations in Gin group improved; there was normal
Bowman‘s space and about normal convoluted tubules with some vacuolated cells.
Peritubular congested blood vessels were seen (Figure.4). D+G group resembled the
control group in most respects with apparently normal of the glomerular capillaries
and urinary space. PCT had rounded nuclei with apical brush borders. DCT lined with
cubical cells with round nuclei. Congested peritubular blood vessels were observed
(Figure.5).

Ultrastructural findings

The glomerular capillaries in sections of control rats were lined with
fenestrated endothelial cells with basement membrane. Glomerular basement
membrane showed up with a consistent and homogenous thickness. Clear short
secondary foot processes of Podocytes with renal filtration slits in between were seen
around the glomerular capillaries. The glomerular capillaries' endothelial cells were
intimately associated with the secondary processes to constitute the filtration barrier
(Figure.6). The proximal convoluted tubule lined with a tall cuboidal shape cells with
euchromatic nucleus resting on uniform basal lamina. They had narrow lumen and
many apical microvilli. The sections displayed many lysosomes and mitochondria.
Lateral membrane interdigitation was observed (Figure.7). Distal tubule cells were
cubical in shape with a euchromatic nucleus and a few short apical microvilli. The
basal part had basal infoldings and mitochondria. Intact junctional complex between
the cells were seen (Figure.8).

The filtration barrier of the glomerulus in diabetic group (group Il) showed
vacuolated capillary endothelium. The glomerular basement membrane was

heterogeneous thickened. Secondary foot processes were retracted, broadened, and

Page 10 of 49



O©Coo~NOULE, WNBE

Egyptian Journal of Histology

shortened as a result of the podocyte effacement with obliteration of the filtration slits
(Figure.9). Missing microvilli were seen in the PCT lining cells. The nucleus had an
indented appearance and seemed heterochromatic. Destructed cristae caused the
mitochondria to swell. Numerous vacuoles were also seen in the rarified cytoplasm
(Figure.10). In DCT cells, cytoplasm had been extruded into the tubular lumen. Its
nucleus was asymmetry with the expanded chromatin. Cytoplasmic vacuoles and
destructed mitochondria were seen. There was separated lateral membrane
(Figure.11).

Rats treated with diosmin (Group Ill) showed decreased thickness of
glomerular homogeneous basement membrane in their renal cortex, along with
obliterated capillary endothelium fenestrae. The podocytes' secondary foot processes
were detected with area of effacement (Figure.12). Proximal convoluted tubule cells
had regular euchromatic nuclei. Loss of microvilli in large area was observed, with
cytoplasmic vacuoles and few destructed mitochondria (Figure.13). Cuboidal cells of
DCT had round nucleus with extended chromatin. The luminal border showed few
apical short microvilli. Cytoplasmic vacuoles DCT showed less cytoplasmic
vacuolization with normal mitochondria of various sizes and shapes (Figure.14).

Gin group exhibited more improvement, where a fenestrated capillary
endothelium was observed. The glomerular basement membrane thickness was
apparently normal with regularly arranged, interdigitating pedicels (Figure.15).
Proximal tubule cells contained euchromatic round nucleus and few cytoplasmic
vacuoles with focal loss of apical microvilli (Figure.16). Cuboidal cells of distal
tubules had euchromatic nucleus. Basal folding had mitochondria in between. Short
microvilli lining the lumen were seen (Figure.17).

The renal cortex ultrastructure of D+G group, the glomerular filtration barrier
formed of fenestrated capillary endothelium resting on regular glomerular basement.
The shape of podocytes foot processes was emerged almost to control group
(Figure.18). PCT, and DCT were all preserved and resembled the ultrastructure of the
control group almost exactly. It was observed PCT with regular euchromatic nucleus
apical microvilli and normal mitochondria. Few cytoplasmic vacuoles were detected
(Figure. 19). DCT showed cuboidal cells with regular normal nucleus, mitochondria,
and characteristic short microvilli lining lumen. There was an improvement in
microvilli of PCT (Figure. 20).
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Immunohistochemical studies

It was found that all subgroups of control group had minimal expressed
desmin immunoexpression in the glomerular podocytes, but diabetic group had
obvious positive expression of desmin. Desmin expression was less obvious in Dio
and Gin groups. Area % of Desmin was significantly higher in Diabetic, Dio and Gin
groups compared to control group. Area % of Desmin was significantly decreased in
Dio, Gin and D+G groups compared to Diabetic group. Area % of Desmin revealed

significantly decreased in D+G group compared to Dio group (table 3; Figure.21a-e).

The kidneys from each group are depicted in table (3) and Figures (22a-e),
corresponding to immunohistochemical analyses of Nrf2. In renal tubular epithelial
cells, results from control group revealed a less obvious expression of Nrf2. The renal
tissues of Diabetic group had minimal Nrf2 positive regions. Area % of Nrf2 was
significantly decreased in Diabetic and Dio groups compared to control group. Renal
tubular epithelial cells of Dio, Gin and D+G groups also showed obvious Nrf2
expression. Area % of Nrf2 was significantly increased in Dio, Gin and D+G groups
compared to Diabetic group. Area % of Nrf2 was significantly increased in D+G

group compared to Dio and Gin groups.
Discussion

One of the largest healthcare problems in the world is diabetes mellitus (DM),
and as the disease's prevalence rises, so do its costs. For example, according to
Abhinav et al. @, 463 million individuals globally (aged 18 to 99) were impacted by
DM in 2019. The anticipated number of diabetics in Egypt was 10.9 million. By 2030,
this number is expected to rise to 13 million, and by 2045, it is expected to reach 20

million ©),

Long-term hyperglycemia in diabetes mellitus results in elevated advanced
glycation end products (AGEs). AGEs build up in tissue, which leads to nephropathy,
target protein and lipid denaturation, and functional deterioration %),

The goal of the current study was to examine the potential renoprotective

effects of diosmin and ginger, either separately or in combination, against oxidative
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stress caused by hyperglycemia in diabetic nephropathy caused by alloxan. Because
alloxan can have cytotoxic effects on the pancreatic  cells, it is a commonly used
medication for inducing diabetes mellitus in experimental rats ¢”). The current study's
alloxan-treated group exhibits the traditional diabetic nephropathy signs, namely
hyperglycemia consumption. Ginger and/or diosmin therapy tend to reduce the rise in
blood sugar. Our findings support the research conducted by other researchers on the
potential antidiabetic benefits of natural compounds 8 2. Sultana et al., ©” explained
that ginger can antagonize suppression of insulin release induced through serotonin

receptors.

Protein metabolism's primary byproduct is urea, whereas skeletal muscle mass
IS represented by creatinine, a byproduct of creatinine and phosphoserine. Reduced
skeletal muscle volume indicates fewer insulin target sites, which results in insulin
resistance and Type 2 diabetes ®Y. Generally speaking, renal impairment is indicated
by elevated urea and creatinine values. In this study, diabetic rats showed
considerably higher levels of kidney damage indicators, such as urea and serum
creatinine, than the control group. Our findings concur with those published by
Sekiou et al. ®2, who discovered that these markers are markedly increased in rats
with diabetes caused by alloxan. The high level of protein breakdown may be the
cause of the diabetic rats' group's notable rise in those indicators of renal damage. On
the other hand, we have shown that the treatment of Diosmin or/and Ginger
significantly decreased blood creatinine and urea in diabetic rats, indicating a
considerable reduction in protein breakdown. Our results are in good agree with
earlier research ?° 3 which showed that rats given Diosmin or Ginger, respectively,

saw a substantial drop in urea and creatinine.

In this work, rats given alloxan to induce diabetes showed elevation in MDA
generation and a considerable reduce in SOD and CAT activity when compared to the
control group. This is in line with previous studies © 3% which showed that after
being exposed to alloxan, MDA levels rose while SOD and CAT levels dropped.
Intracellular auto-oxidation of glucose to glycol is brought on by AGEs. More free
radicals are produced when the reactive products combine with the amino groups of
extracellular and intracellular proteins to create AGEs. Lipid peroxidation and MDA

formation are the results of increased oxidative stress ©2,
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Conversely, In groups treated with diosmin or/and ginger, there was a
considerable decrease in MDA levels accompanied by significantly higher SOD and
catalase activity, suggesting that the antioxidant system has been activated to
counterbalance the excess ROS generated. These results concur with those of previous
research that also revealed treatment with diosmin or/ and ginger significantly
increase SOD and catalase activity and significantly decrease in MDA level
demonstrating its potent antioxidant action and lowers cell death by binding with free

radicals 36,

Under hematoxylin and eosin staining, the renal cortex sections of the alloxan-
induced diabetic group in this study had dilated Bowman space and glomerular
abnormalities. Detached cells were present into the lumen tubules. The results that
were reported earlier agreed with these findings ©”. Electron analyses of the renal
cortex support these conclusions. In addition to podocyte effacement, the glomerular
basement membrane was unevenly thickened. Abrupt loss of apical microvilli was
seen in PCT cells. Cytoplasmic vacuolations, enlarged mitochondria, and pyknotic
nuclei were all seen. The intracellular space between the cells exhibiting cytoplasmic
vacuolations increased in DCT cells. These findings are agree with earlier research %
%9) who noted kidney alterations in diabetes caused by streptozotocin. This might be
because excessive extracellular matrix formation and mechanical stretching are

brought on by hyperglycemia's induction of hyperfiltration and hyperperfusion ©9),

In the present study, Gin group showed improvement of diabetic-induced
degenerative changes after administration of ginger. Ultrastructurally, a regular
thickness of basement membrane and attenuation of effacement with few
vacuolization in PT were seen. Similar results were reported in previous studies % 4%
42) This could be attributed to the hypoglycemic effect of ginger. Ginger was shown
to reduce inflammatory markers in diabetic individuals “%). In addition, it can improve

the oxidative stress and has antiapoptotic role 3 44,

Rats given a combination of diosmin and ginger in our investigation showed a
more noticeable improvement in diabetic-induced renal degenerative disease. This
study aligns with the goal of creating a cosmeceutical preparation that carries Diosmin
in conjunction with various essential oils, like Zingiber officinale (ginger oil), to

function as both preventive and curative dermal novel preparations, aimed at battling
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harmful environmental factors that impact the skin. The generated lipoid colloidal
carriers (LCCs) were evaluated, and the addition of the mentioned ginger oil was

found to improve the Diosmin action in both in-vitro and in-vivo investigations “®.

Desmin function is to raise the mechanical resistance of the cells, when its
expression increases in podocytes it represents an indicator of morphological changes
of these podocytes in reaction to injury “®. Immunohistochemical staining for Desmin
of diabetic group revealed, intense positive immune reaction of glomerular podocytes
as compared to the control group. Moreover, moderate immune reaction of glomerular
podocytes was observed in groups treated with diosmin or ginger. Administration of
diosmin and ginger in diabetic rats had weak reaction similar to control group.
Previous studies suggested that diosmin and ginger have a strong antioxidant, anti-

inflammatory, antifibrotic, immunomodulating and antiapoptotic properties @ 9,

To further explain the route, the immunohistochemistry of Nrf2 was
examined. In renal tubular epithelial cells, Diabetic group had weak Nrf2 positive
regions. These findings were consistent with Abdul-Hamid et al. ®® and Chen et al.
47 who found that Streptozotocin-induced diabetes caused significant decreases in
Nrf2 level. Renal tubular epithelial cells of groups treated with Diosmin and Ginger
also showed considerable Nrf2 expression. Compared to other groups, D+G group
had higher intense of positive regions for Nrf2 which showed a protective effect of
diosmin and ginger against diabetic-induced nephropathy. It was shown in an animal
study that Nrf2 plays a critical role in reducing the kidney damage caused by
streptozotocin. This is demonstrated by the fact that Nrf2-/ mice produce more ROS
than Nrf2+/ mice, and they also have more kidney damage and oxidative DNA
damage “®. Another study found that the diabetic group's spleen had much less Nrf2
expression than the control group's because hyperglycemia, which causes diabetes,
stimulates Keapl (Kelch like associated protein-1) malfunction.Another study found
that the diabetic group's spleen had much less Nrf2 expression than the control group's
because hyperglycemia, which causes diabetes, stimulates Keapl (Kelch like

associated protein-1) malfunction ¢,

Conclusions
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From this study, we concluded that treatment with diosmin showed minimal
improvement in the changes in glomerular structure, PCT, and DCT, compared with
diabetic rats treated with ginger. Considering the efficacy of combination therapy of
diosmin and ginger, the current results showed a significant ameliorative effect on all

histopathological features and biochemical markers on the kidneys of diabetic rats.
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Figure 1: A photomicrograph of kidney section in control group, illustrating the
glomerular capillaries (c) ad Bowman's capsule (arrow) with normal Bowman’s space
(star). PCT (green head arrow) with luminal brush border (curved arrow) and DCT
(yellow head arrow) can be seen. (H and E X400)
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Figure 2: A photomicrograph of kidney section in Diabetic group, illustrating the
shrinkage glomerular capillaries (c) with widening of urinary space (star). Loss of
brush border of proximal tubules (green head arrow) can be noticed. The renal
tubular epithelial cells show vacuolations (cross). Some of detached cells present
into the lumen tubules (curved arrow). (H and E X400)
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Figure 3: A photomicrograph of kidney section in Dio group, illustrating glomerulus
(c) with normal urinary space (star). Some cells of proximal tubules (green head
arrow) appear slightly normal while the other shows vacuolated cytoplasm (cross)
with darkly stained nuclei (curved arrow). (H and E X400)
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Figure 4: A photomicrograph of kidney section in Gin group, illustrating glomerulus
(c) with normal urinary space (star). Proximal convoluted tubules (green head arrow)
have apical brush border. Few vacuolated cells (cross) in convoluted tubules can be
observed. Congested peritubular blood vessels (v) are present. (H and E x400)
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Figure 5: A photomicrograph of kidney section in D+G group, illustrating apparently
normal of the glomerular capillaries (c) and urinary space (star). Notice near normal
proximal (green head arrow) and distal convoluted tubules (yellow head arrow).
Congested peritubular blood vessels (v) are present. (H and E x400)

Page 29 of 49



-bhwwwwwgwwwwNNNNNNNNNNI—‘HI—‘HI—‘HI—‘HI—‘H
PO OWOoW~NO O WNPFPOOWOONOURARWNRPOQOO~NOOUORARWNPEPOOO~NOUOEA, WDNBE

0 ~NO O WNPFPOOONO O N

D U
o ©

Eqgyptian Journal of Histology

Figure 6: Transmission electron micrograph of kidney section from control
group, illustrating filtration barrier of the glomerulus consists of a fenestrated
capillary endothelium (curved arrow). The basement membrane (arrow) is a regular,
homogenous. The secondary foot processes of the pododcytes (yellow head arrow)
with filtration slit (green head arrow) in between. (electron microscopy, x 6000)
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Figure 7: Transmission electron micrograph of PCT in kidney section of control
group, illustrating tall cuboidal cells lying down on slim uniform basal lamina
(curved arrow). Round euchromatic nucleus (N) is observed. Luminal border shows
long tightly packed microvilli (arrow). Elongated mitochondria (m), lysosomes (L)
and lipid droplets (i) can be observed. Notice intact junctional complex between the
cells (head arrow). (electron microscopy, x 1500)

——
2 microns
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Figure 8: Transmission electron micrograph of DCT of control group illustrating cubical cells
lying down on thin basal lamina (curved arrow) with euchromatic nucleus (N). The cells have
apical short microvilli (arrow). There are basal infoldings with their mitochondria (m). Notice,
intact junctional complex between the cells (head arrow). (electron microscopy, x 1500)

2 microns
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Figure 9: Transmission electron micrograph of kidney section from Diabetic group,
illustrating the filtration barrier of the glomerulus with vacuolated capillary endothelium
(curved arrow). The basement membrane (arrow) is thickened and heterogenous.
Obliteration of the filtration slits (green head arrow) can be observed with disarrangement
the secondary foot processes of the pododcytes (yellow head arrow). (electron microscopy,
X 6000)
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Figure 10: Transmission electron micrograph of PCT from kidney section of Diabetic group,
illustrating lining cell resting on destructed irregular basal lamina (curved arrow) with dark
pyknotic nucleus (N). Damaged microvilli (arrow) can be seen in the denuded luminal
border. Notice rarified vacuolated cytoplasm (star) and destructed mitochondria (head
arrow). (electron microscopy, x 1500)

2 microns
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Figure 11: Transmission electron micrograph of DCT from Diabetic group, illustrating
cuboidal cells of DCT resting on destructed basal lamina (curved arrow). It is noticed that the
nucleus (N) is irregular with abnormal distributed chromatin. Extruded cytoplasm bursts the
apical portion and enters the tubular lumen (arrow). Vacuolated cytoplasm (star) and
destructed mitochondria (m) are seen. Notice separated lateral membrane (head arrow).
(electron microscopy, x 1500)

—
2 microns
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Figure 12: Transmission electron micrograph of kidney section from Dio group, illustrating
obliterated fenestrae of capillary endothelium (curved arrow) with less thickening in
homogenous glomerular basement membrane (arrow). The secondary foot processes of
podocytes show area of effacement (yellow head arrow). Also, filtration slit can be seen
(green head arrow). (electron microscopy, x 6000)
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Figure 13: Transmission electron micrograph of PCT from kidney section of Dio group,
illustrating cuboidal cells resting on regular basal lamina (curved arrow) with euchromatic
nucleus (N). Luminal border microvilli (arrow) showed large area of loss. Vacuolated
cytoplasm (star) with many normal mitochondria (m) can be seen. Also, some mitochondria
are partially destructed (circle). Notice, intact junctional complex between the cells (head
arrow). (electron microscopy, x 1500)
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Figure 14: Transmission electron micrograph of DCT from Dio group, illustrating cuboidal
cells resting on destructed basal lamina (curved arrow) with extended chromatin of its round
nucleus (N). The luminal border has few apical short microvilli (arrow) with area of focal loss.
Plentiful scattered mitochondria (m) are observed. Cytoplasmic vacuoles (star) are seen.
(electron microscopy, x 1500)
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Figure 15: Transmission electron micrograph of kidney section from Gin group, illustrating
fenestrae of capillary endothelium (curved arrow). GBM (arrow) appears homogenous and
minimally thickened. Some of the secondary foot process appear interdigitating and
separated by narrow filtration slits (green head arrow). Few secondary foot processes show
effacement (yellow head arrow). (electron microscopy, x 6000)
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Figure 16: Transmission electron micrograph of PCT from kidney section of Gin group,
illustrating cuboidal cells lying down on regular basal lamina (curved arrow) with
euchromatic round nucleus (N). The luminal border has apical microvilli (arrow) with area of
focal loss. The cytoplasm has long mitochondria (m), lysosomes (L) and few vacuolations
(star). (electron microscopy, x 1500)
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Figure 17: Transmission electron micrograph of DCT from Gin group, illustrating tall
cuboidal cells with irregular euchromatic nucleus (N); resting on thin basal lamina (curved
arrow). Apical short microvilli (arrow) are present. Basal folding with mitochondria (m) is
observed. Notice, intact junctional complex between the cells (head arrow). (electron
microscopy, x 1500)
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Figure 18: Transmission electron micrograph of kidney section from D+G group, illustrating
fenestrae of capillary endothelium (curved arrow). Podocyte with euchromatic nucleus (N)
sits on uniform homogenous glomerular basement membrane (arrow). The secondary foot
processes (yellow head arrow) appear regularly with filtration slit (green head arrow) in
between. (electron microscopy, x 6000)
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Figure 19: Transmission electron micrograph of PCT from kidney section of Gin group,
illustrating virtually normal ultrastructure. The cells of PCT are cuboidal in shape lying down
on regular basal lamina (curved arrow) with euchromatic round nucleus (N). The luminal
border has tall apical microvilli (arrow) with small area of focal loss (thick arrow). The
cytoplasm shows few vacuoles (star). Mitochondria (head arrow) and lipid droplets (i) can be
observed. Notice, intact junctional complex between the cells (head arrow). (electron
microscopy, x 1500)
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Figure 20: Transmission electron micrograph of DCT from D+G group, illustrating cuboidal
cells lying down on on regular basal lamina (curved arrow). Nucleus (N) is nearly round with
normal chromatin. Apical short microvilli can be seen (arrow) Mitochondria (m) are
occupying basal infoldings. Notice, intact junctional complex between the cells (head arrow).
(electron microscopy, x 1500)
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Figure 21: A photomicrograph in kidney sections stained (a—e) with anti Desmin
antibodies: (a) control group showing, minimal positive reaction (brown color) of glomerular
podocytes (arrow). (b) Diabetic group showing, obvious positive immune reaction (dark
brown) of glomerular podocytes (arrow). Dio group (c) and Gin group (d) showing, less
obvious positive immune reaction (brown color) of glomerular podocytes (arrow). D+G
group (e) showing, minimal positive immune reaction (brown color) of glomerular podocytes
(arrow). (Desmin X400)
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Figure 22: A photomicrograph in kidney sections stained (a—e) with anti Nrf2 antibodies:
(a) control group: showing less obvious expression (brown color) in cytoplasm of renal
tubules (arrows). (b) Diabetic group: are showing minimal expression (arrows) in cytoplasm
of most cells. (c, d) Dio and Gin group respectively: showing increase reaction in the
cytoplasm of renal tubular cells (arrows). (e) D+G group: showing obvious reaction in the
cytoplasm of tubular cells (arrows). (Anti Nrf2 antibody X400)
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Table 1: ANOVA is used to examine the data, which are shown as Mean values +
SD of the levels of Glucose, urea, and Creatinine in the control and experimental
groups. Significant (P<0.05) in contrast to other groups

Corr;'LroI Diabetic Dio group Gin group D+G group
(gnzlcF))) group (n=10) (n=10) (n=10) (n=10)
Glucose (mg/dl)
Means | 07 | 316+2651 | 17233+493 | 14367920 | 130.33896
P1 <0.0012 0.006? 0.0362 0.090"
P2 0.001° <0.001° <0.001°
P3 0.009° 0.002°¢
P2 0.148"
Urea (mg/dl)
Mga[;‘ * 13.4+0 31.7+0 17.3+0 15.740 14.6+0
P1 <0.001° <0.001° <0.001° <0.001°
P2 <0.001° <0.001° <0.001°
P3 <0.001° <0.001°¢
P4 <0.001¢
Creatinine (mg/dL)
Mean +
D 0.33+£0.15 3.2+0.36 1.8+0.26 1.1+0.53 0.77+£0.23
P1 <0.0012 0.001? 0.073m™ 0.053m™
P2 0.006° 0.005° 0.001°
P3 0.110™ 0.007°¢
P4 0.374 ™

P1: p value compared to Control group, P2: p value compared to Diabetic group, P3: p value compared

to Dio group, p4: p value compared to Gin group,

a: P<0.05 as compared to control group, b: P<0.05 as compared to Diabetic group, c: P<0.05 as
compared to Dio group, d: P<0.05 as compared to Gin group, NS: non-significant.
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Table 2: ANOVA is used to examine the data, which are shown as Mean values =+
SD of the levels of MDA, SOD, and Catalase in the control and experimental

groups. Significant (P<0.05) in contrast to other groups

(;orr;fjrgl Diabetic Dio group Gin group D+G group
(n=10) group (n=10) (n=10) (n=10) (n=10)
MDA (nmol g protein)
146.67 £
Mean + SD 761 2318 120.33 £ 2.52 1077 83.33+5.51
P1 0.006 ® <0.001% 0.002? 0.086™
P2 0.122™ 0.047° 0.010°
P3 0.036°¢ <0.001°
P4 0.010¢
SOD (U g protein)
Mean+SD | 23+2.65 | 12.9+4.36 19+2 18.11+0.38 15+1
P1 0.011? 0.038? 0.010? 0.002?
P2 0.065™ 0.035° 0.006°
P3 0.374"™ 0.021°¢
P4 0.005¢
Catalase (U g protein)
Mean£SD | %5F | 073059 | 153015 | 1874021 | 25+04
P1 0.0152 0.0032 0.099™ 0.191m™
P2 0.084 "™ 0.034° 0.013°
P3 0.089™ 0.017°
P4 0.072"™

P1: p value compared to Control group, P2: p value compared to Diabetic group, P3: p value compared

to Dio group, p4: p value compared to Gin group.

a: P<0.05 as compared to Control group, b: P<0.05 as compared to Diabetic group, c: P<0.05 as
compared to Dio group, d: P<0.05 as compared to Gin group, NS: non-significant.
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Table 1: ANOVA is used to examine the data, which are shown as Mean values +
SD of Area % of Desmin and Area % of Nrf2 in the control and experimental
groups. Significant (P<0.05) in contrast to other groups

O©Coo~NOULE, WNBE

Corr;':]rol Diabetic Dio group Gin group D+G group
(gnzlc?) group (n=10) (n=10) (n=10) (n=10)
Area % of Desmin
M‘gg‘ * | 28+062 | 163+095 8.5+ 0.61 7.8+ 0.44 4.4+0.85
P1 <0.0012 <0.0012 <0.0012 0.059"
P2 <0.001° <0.001° <0.001°
P3 0.181™ 0.002°¢
P4 0.004 ¢
Area % of Nrf2
M‘;""D” * 11313+091| 343+05 9.83+ 1.52 11.7+0.8 16.1+1.73
P1 <0.0012 0.0322 0.109" 0.059 "
P2 0.002° <0.001° <0.001°
P3 0.133" 0.009°¢
P4 0.016¢

P1: p value compared to Control group, P2: p value compared to Diabetic group, P3: p value compared

to Dio group, p4: p value compared to Gin group.

a: P<0.05 as compared to control group, b: P<0.05 as compared to Diabetic group, c: P<0.05 as
compared to Dio group, d: P<0.05 as compared to Gin group, NS: non-significant.
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