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The study investigates the potential antidiabetic, renoprotective, and cardioprotective effects
of coriander seed extract (CSE) and garlic extract (GE) in streptozotocin (STZ)-induced
diabetic rats. Thirty adult male rats were divided into five groups: a control group, a diabetic
untreated group, and diabetic groups treated with glibenclamide, CSE and GE. Treatment
continued daily for 28 days. Serum biochemical studies showed that diabetic rats had
significantly higher levels of glucose, creatinine, urea, uric acid, Creatine Kinase-MB (CK-
MB) and Lactic Dehydrogenase (LDH) levels than the control group. Histopathological and
immunohistochemical examinations revealed marked hypocellularity, degeneration, and
necrosis of pancreatic islets, accompanied by a significant reduction in insulin expression in
comparison with the control. Additionally, diabetic rats exhibited structural damage in the
kidneys and heart, characterized by tubular epithelial degeneration and necrosis and myocardial
myomalacia. Administration of CSE and GE significantly mitigated these biochemical and
histological changes, with CSE demonstrating superior protective effects. These results
highlight the therapeutic potential of CSE and GE particularly emphasizing CSE as an effective

natural therapy for managing diabetes and its associated renal and cardiac complications.

1. INTRODUCTION

Diabetes is a chronic metabolic disorder characterized by
elevated blood glucose levels, insulin resistance, or impaired
insulin  secretion affecting various animal species.
(Nambirajan et al., 2018). According to recent estimates from
the World Health Organization, diabetes prevalence
continues to rise globally, significantly increasing morbidity
and mortality related to diabetic complications (Wild et al.,
2004). Diabetes is primarily categorized into immune-
mediated diabetes (Type 1 diabetes) and insulin resistance
diabetes (Type 2 diabetes) (Saunders et al., 2022).
Experimental induction of diabetes commonly utilizes agents
such as Alloxan or streptozotocin (STZ), which specifically
induce oxidative stress leading to selective necrosis and
apoptosis of pancreatic B-cells, thereby causing diabetes
mellitus (Ahmed et al., 2023). Chronic hyperglycemia
associated with diabetes triggers numerous
pathophysiological changes, notably Microvascular damage
which significantly affects cell metabolism, and lead to
progressive lesions in several organs, such as kidneys, eyes,
nerves, liver, and blood vessels (Babel and Dandekar, 2021).
Diabetic nephropathy (DN), also termed diabetic kidney
disease (DKD), is a serious complication of diabetes,
affecting approximately 25% of individuals diagnosed with
diabetes (Thijs et al., 2021). Typically, the progression of DN
is marked by the onset of microalbuminuria progressing to
macroalbuminuria (Tong et al., 2020). The histopathological
renal changes associated with DN are largely attributed to
excessive generation of reactive oxygen species (ROS) and
reactive nitrogen species (RNS) mediated by chronic
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hyperglycemia (Wang and Zhang, 2024), resulting in
oxidative stress, lipid peroxidation, protein denaturation, and
mitochondrial DNA damage (Rashid et al., 2023).

Similarly, diabetic cardiomyopathy (DiaCM), characterized
by ventricular dysfunction independent of atherosclerosis or
hypertension (Shabab et al., 2024). Oxidative stress resulting
from increased ROS and RNS generation is central to cardiac
inflammation and structural remodeling observed in
DiaCM(Tan et al., 2020).

Currently, clinical management strategies for diabetes
primarily involve insulin therapy and oral hypoglycemic
drugs; however, these treatments often pose risks of adverse
side effects and limited efficacy in halting disease progression
(Aloke et al., 2022). Consequently, identifying therapeutic
compounds derived from natural sources with fewer adverse
effects has emerged as a significant research focus. Medicinal
plants and herbs represent a significant resource, offering
multiple bioactive compounds that have demonstrated
efficacy in managing chronic metabolic diseases, including
diabetes (Sadeghabadi et al., 2022).

Garlic (Allium sativum) is commonly used as a flavoring
agent and functional food as well as traditional medicine, with
a wide range of biological effects, such as anticancer,
antioxidant, antimicrobial, anti-mutagenic, anti-asthmatic,
and immunomodulatory activities (Okoro et al., 2023). The
characteristic protective effects of garlic are primarily
attributed to the presence of sulfur and a variety of
compounds, such as allicin, alliin, and methyl allyl-trisulfide
(Song et al., 2015). Previous studies have documented that
garlic is an effective herbal plant for controlling blood
glucose levels (Lidikova et al., 2022). Additionally, garlic
could also be effective in reducing hyperglycemic
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complications due to its antioxidant effect by scavenging
ROS (Padiya et al., 2011)

Coriander (Coriandrum sativum L.) is identified as one of the
oldest medicinal herb, contains multiple bioactive
components such as flavonoids (quercetin and isoquercitrin,
rutin), terpenes (linalool), terpenoids, polyphenols, fatty
acids, coumarins and vitamins which could be responsible for
its therapeutic action (Sobhani et al., 2022). Furthermore,
coriander sativum demonstrated antioxidant, antidiabetic,
anticonvulsant, anti-inflammatory, antimutagenic,
antibacterial activity among others, in addition to hormone
balancing and analgesic characteristics (Priya and Kumar,
2021).

Therefore, this study aimed to assess and compare the
antidiabetic, renal, and cardiac protective effects of coriander
seed extract (CSE) and garlic extract.

2.MATERIAL AND METHODS

Ethical approval

The Scientific Research Ethics Committee, Faculty of
Veterinary Medicine, Benha University, approved all
experimental procedures performed in this work (Ethical
Approval number: BUFVTM 10-11-23).

Chemicals

Streptozotocin (STZ) was obtained from Sigma-Aldrich
(USA). Glibenclamide (Daonil®) 5mg was purchased from
Sanofi Specialized Pharmaceuticals Company, Cairo, Egypt.
All other chemicals used in this study were bought from
commercial suppliers as high-analytical grade.

Preparation of Plant Extracts

Coriander seed extract (CSE) and garlic extract (GE) were
prepared according to the method described by Eidi et al.,
(2006). Prepared extracts were stored at -4°C until use.

Induction of diabetes mellitus

Streptozotocin (STZ) was dissolved in 0.1 M citrate buffer at
pH 4.5. Diabetes was induced using a single intraperitoneal
injection of STZ (50 mg/kg body weight). After 72 hours
from injection, rats with fasting blood glucose higher than
250 mg/dl were considered diabetic (El-Shaer et al., 2023).

Experimental animals

Thirty adult male albino rats weighing 200 + 20 g were
obtained from the Experimental Animal House, Egyptian
Company for Production of Serums, Vaccines, and Drugs,
Helwan. Animals were housed in stainless-steel cages under
controlled hygienic conditions. Prior to the experiment, rats
were acclimated for one week at ambient temperature of 23 +
3 °C, a natural 12-hour dark/light cycle, and free access to
clean water and a balanced commercial diet.

Experimental design

The rats were randomly divided into five equal groups (n=6
each):

Group 1 (control): Received citrate buffer orally (0.5 ml/kg).
Groups 2-5: Diabetes induced by intraperitoneal injection of
STZ (50 mg/kg body weight).

Group 2: Diabetic untreated.

Group 3: Diabetic rats treated orally with glibenclamide (0.5
mg/kg bw) (Rabbani et al., 2010).

Group 4: Diabetic rats treated orally with CSE (250 mg/kg
bw) (Naquvi et al., 2004).

Group 5: Diabetic rats treated orally with GE (250 mg/kg bw)
(Mittal and Juyal, 2012, Kaur et al., 2016).

Treatments were administered daily for 28 consecutive days
after induction of diabetes (Soni et al., 2009).

Serum biochemical analysis

At the end of the experimental period, blood samples were
collected from the orbital sinus of each rat in sodium fluoride
tubes for serum glucose determination and gel activator tubes
for renal and cardiac function biomarker evaluations. Blood
was centrifuged at 3,000 rpm for 15 min for serum separation
and stored at -20 °C until used. Serum glucose, creatinine,
urea, uric acid, CK-MB and LDH were measured using
commercial reagent kits from Spectrum Company, Egypt
according to Tiffany et al., (1972), Young, (1995), Dunn et
al., (2004), Ghanbari et al., (2016) and Jing et al., (2018)
respectively.

Histopathological study

Small tissue specimens were collected from the pancreas,
kidneys, and heart of rats from all groups and immediately
fixed in 10% neutral buffered formalin. Fixed tissues were
dehydrated, cleared, and embedded in paraffin wax. Five pm-
thick paraffin sections were routinely prepared and stained
with hematoxylin and eosin (H&E) stain (Bancroft and
Layton 2019), as well as Periodic Acid-Schiff (PAS) for
kidney sections to examine renal tubular brush borders,
glomerular and basement membranes (Layton and Bancroft,
2019).

Immunohistochemical Examination

Immunohistochemical detection of insulin was conducted on
pancreatic tissue sections. The, Deparaffinized and
rehydrated sections were incubated with a polyclonal guinea
pig anti-insulin antibody (N1542, Dako, Carpinteria, CA,
USA 1:100 dilution) using avidin-biotin-peroxidase
technique (Abunasef et al., 2014). Both histopathological and
immunohistochemical  sections were examined and
photographed using a Nikon Eclipse E800 microscope
equipped with a digital camera.

Assessment of Histopathological damage

The following semi-quantitative scoring system based on
severity, distribution and type of lesion is used, typically on a
0-4 scale:

Score  Severity Description

0 Normal No visible lesion

1 Minimal <10% of the section affected, very mild alterations
2 Mild 10-25% affected, mild structural changes

3 Moderate  25-50% affected, obvious tissue damage

4 Severe >50% affected, extensive tissue destruction

The total score is then calculated by summing the individual
scores, to get an overall tissue damage index: 0-3 = Normal
or minimal injury; 4-7 = Mild injury; 8-12 = Moderate
injury; >12 = Severe injury. The grading system was
conducted on five H&E sections of pancrease, kidney and
heart as well as insulin immunoreactivity from each group
(Chavez et al., 2016) with modification.

Statistical analysis:

Data from biochemical assays and histopathological lesions
were analyzed using GraphPad Prism software version 9.
Following a one-way ANOVA, Tukey's multiple
comparisons test was employed. Results were expressed as
mean =+ standard deviations (SD). Statistical significance was
setat p < 0.05.

3. RESULTS
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Serum biochemical findings

Serum glucose, creatinine, urea, uric acid, CK-MB, and LDH
levels were significantly elevated (p<0.0001) in STZ diabetic
rats compared to the control group (Fig.1). Treatment with
glibenclamide, CSE and GE resulted in significant reductions
(p<0.001) in these serum biomarkers compared to STZ group.
CK-MB and LDH levels showed significant improvement
(p<0.001) with CSE and GE treatments compared to
glibenclamide-treated group, approaching levels similar to
the control.
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Fig.1 Effect of STZ, glibenclamide, CSE and GE on serum glucose (A),
creatinine (B), urea (C), uric acid (D), CK (E), and LDH (F) activities. Asterisks
(*) denote significance vs. control: ****p < 0.0001, ***p < 0.001, **p < 0.01,
*p < 0.05; Hashtags (#) denote significance vs. STZ group (####p < 0.0001);
"ns" indicates non-significant differences. The data are expressed as mean +
SD.

Histopathological findings

Pancreas:

The examined pancreatic sections from a control group
revealed normal pancreatic architecture. The islets of
Langerhans showed typical size, and shape, well-demarcated
rounded structures, embedded within the acinar tissue, and
consisting of large spherical eosinophilic endocrine cells
interspersed with capillaries (Fig.2A). The untreated STZ
diabetic rats exhibited severe hypocellularity, degeneration,
and necrosis of the islets of Langerhans (Fig. 2B), with
occasional mononuclear inflammatory cells infiltration (Fig.
2C). Multifocally, there were dissociation, necrosis, and
degeneration of the pancreatic acini. Additionally, the
interlobular ducts were dilated and contained retained
eosinophilic  secretion. Diabetic rats treated with
glibenclamide showed moderate improvement, with
increased islet size and cell number (Fig. 2D). Notably,
treatment with CSE resulted in significant improvement,
characterized by reduced necrosis and increased islet size and
cellularity (Fig. 2E) compared to glibenclamide; with
occasional mild lymphocytic infiltration at the periphery of
few islets of Langerhans. GE treatment also improved islet
histology but to a lesser extent than CSE (Fig. 2F).
Immunohistochemical Findings

Immunohistochemical staining for insulin revealed positive
immunoreactivity in the pancreatic islets, characterized by
dense, brown-colored cytoplasmic staining of f cells. The
pancreatic sections of control rats demonstrated strong,
uniform staining of abundant insulin granules in B-cells
(Fig.3A). On contrast, the diabetic group exhibited
significantly reduced insulin immunoreactivity (Fig.3B)
characterized by a diminished number of insulin-positive -
cells and weaker staining intensity (Fig.3C). Treatment with
glibenclamide (Fig.3D), CSE (Fig.3E), and GE (Fig.3F)
significantly enhanced insulin immunoreactivity, with CSE-
treated rats showed the most substantial improvement in -
cell density and insulin expression, followed by GE and
glibenclamide treatments.
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across experimental groups x400. (A) Control group showing normal
pancreatic architecture, with well-defined islets of Langerhans composed of
eosinophilic endocrine cells and intact acinar tissue. (B-C) Diabetic untreated
group revealing hypocellularity, degeneration and necrosis of islets cells with
mononuclear inflammatory infiltrates. (D) Glibenclamide-treated group
showing moderate restoration of islet morphology, with increased cellularity
and mild necrosis of islets cells. (E) CSE-treated group revealing marked
improvement in pancreatic pathology, characterized by increased islet size,
reduced necrosis, and few lymphocytic infiltrations. (F) GE-treated group
revealing partial amelioration of islet damage.
Fig. 3: Immunohist
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experimental groups x400. (A) Control group showing intense, uniform
cytoplasmic staining of B-cells. (B-C) STZ diabetic group revealing, marked
reduced immunoreactivity, characterized by sparse insulin-positive p-cells and
weak staining intensity. (D) Glibenclamide-treated group displaying moderate
immunoreactivity of insulin-positive p-cells, staining comparable to control.
(E) CSE-treated group demonstrating dense immunopositive reaction. (F) GE-
treated groups showing moderate immunoreactivity.

Kidneys

The H&E-stained renal sections of the control group
displayed normal histological architecture with intact
glomeruli and renal convoluted tubules. Glomeruli showed
normal histological criteria of the mesangium and glomerular
capillaries and the proximal convoluted tubules in the cortex
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were lined with simple cuboidal epithelium (Fig.4A).
Contrary, the examined kidney sections of STZ diabetic rats
revealed severe renal damage predominantly within cortical
tubules. Prominent clear cell tubules with swollen, pale,
vacuolated cytoplasm in the proximal and distal convoluted
tubules were prevalent (Fig. 4B), Moreover, some renal
sections showed apoptotic bodies inside the renal tubular
lumens (Fig.4C), Multifocally, tubular epithelial cells of renal
cortex showed coagulative necrosis characterized by
indistinct cell borders, hypereosinophilic cytoplasm, and
nuclear pyknosis (Fig.4D). Occasional necrotic areas
revealed disruption of tubular architecture along with
disorganization of peritubular capillaries, and replacement by
edema admixed with cellular debries, hemorrhage, few
macrophages and lymphocytes (Fig.4E). Less affected
tubules were ectatic and occasionally contained
proteinaceous eosinophilic casts or rare cellular debris
(Fig.4F). Additionally, there were moderate congestion with
perivascular edema and peritubular macrophages and
lymphocytes aggregates and hemorrhages. Occasional
vascular injuries characterized by endothelial cell
proliferation, and vacuolation of the blood vessel wall were
also observed

Kidneys from Glibenclamide-treated rats (Fig. 5A, B)
partially maintained normal architecture with moderate
epithelial degeneration or coagulative necrosis of convoluted
tubules and occasional ectatic tubules with intraluminal casts.
Furthermore, there was mild congestion, perivascular edema
and vascular wall degeneration with interstitial mononuclear
leukocytic cellular aggregates. Kidneys from CSE-treated
rats (Fig.5C, D) largely maintained normal architecture, with
only mild epithelial degeneration or coagulative necrosis in a
few tubules and occasional hyaline casts in lumen of cortical
tubules. Occasionally, there was mild congestion and
perivascular edema, whereas the vascular damage was
negligible. Similarly, kidneys from GE-treated rats (Fig. 5E,
F) preserved renal structure in the majority of renal tubules
with mild congestion of intertubular capillaries, degeneration
or coagulative necrosis of tubular epithelial cells and
intraluminal casts. Moreover, vacuolation of the vascular
walls, perivascular edema, and peritubular leukocytic cellular
infiltration were infrequently observed.

PAS-stained sections of control group revealed that basement
membranes of Bowman’s capsule, glomeruli and tubules
were bright pink and of equal thickness. The cytoplasm of
proximal epithelial cells was light pink and the apical brush
borders are pink and easy to discern (Fig. 6A). The renal
sections of STZ diabetic rats (Fig. 6B) exhibited cytoplasmic
vacuoles with loss or fragmentation of the brush borders in
the proximal convoluted tubules, with occasional prominent
PAS-positive material accumulation in tubular lumenae.
Occasionally, the basement membranes of glomerular
capillaries and Bowman’s capsules were mildly thickened by
PAS-positive material (Fig. 6C). PAS-stained kidney sections
of diabetic rats treated with glibenclamide partially retained
normal PAS staining of glomeruli and tubules, with
occasional loss or fragmentation of the brush borders of a few
renal tubules and mild thickening of the glomerular tuft
basement membranes (Fig. 6D). CSE-treated kidneys largely
preserved normal PAS staining of glomeruli and tubules, with
rare loss or fragmentation of the brush borders in the proximal
epithelial cells (Fig. 6E). Similarly, diabetic rats treated with
GE, revealed also normal PAS staining of the glomeruli and
majority of convoluted tubules with occasional loss or
fragmentation of the brush borders in few proximal tubules
(Fig. 6F).
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Fig 4: Representative photomicrographs o ntrol
and diabetic rats. (A) Control group displaying normal histological architecture
with intact glomeruli and renal convoluted tubules. (B-F) Diabetic rats showing
(B) marked clear cell tubules (arrow) characterized by swollen pale vacuolated
cytoplasm (inset); (C) apoptotic bodies inside some renal tubular lumens
(arrow); (D) coagulative necrosis of tubular epithelial cells (arrow)
characterized by indistinct cell borders, hypereosinophilic cytoplasm, and
nuclear pyknosis, note also congestion of the intertubular capillaries
(arrowhead); (E) extensive necrotic area with disruption of tubular architecture
(arrow) and its replacement by cellular debries, hemorrhage (arrowhead) few
macrophages and lymphocytes; (F) numerous proteinaceous eosinophilic casts
(arrow) in renal convoluted tubules. (B,C, F) x200; (A, inset, D, E) x400.
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Fig.5 Representative photomicrographs of renal sections of diabetic rats treated
with glibenclamide (A, B), CSE (C, D) and GE (E, F). (A-B) Glibenclamide
group showing (A) moderate epithelial degeneration and coagulative necrosis
of convoluted tubules (arrowhead) with intraluminal eosinophilic debris
(arrow), (B) higher magnification exhibiting epithelial degeneration (thin
arrow) and necrosis, note also mild congestion (arrowhead) and perivascular
inflammatory edema (thick arrow). (C-D) CSE group revealing (C) largely
preserved normal architecture with mild epithelial degeneration (arrowhead)
and hyaline casts in a few tubules (arrow), (D) higher magnification showing
mild epithelial degeneration (arrowhead) and hyaline casts in a few tubules
(arrow). (E-F) GE group demonstrating (E) preserved renal architecture in the
majority of tubules, with mild degeneration of tubular epithelial cells (arrow),
(F) higher magnification showing mild epithelial degeneration. (arrow) and
necrosis with pyknotic nuclei in a few tubules (arrowhead). (A, C, E) H&E
x200; (B, D, F) H&E %400



Elbatawy et al. (2025)

BVMJ 49 (1): xx-xx

e PR
AR, R oo s
RSN ETLY

Fig.6. Photomicrographs of renal tissues stained with PASx400. (A) Control
group showing normal basement membranes of Bowman’s capsule
(arrowhead), glomeruli (thick arrow) and tubules (thin arrow); inset showing
intact brush border structure of the proximal tubules. (B) STZ diabetic rats
showing cytoplasmic vacuoles (arrowhead) with loss or fragmentation of the
brush borders of proximal convoluted tubules (arrow); inset showing prominent
PAS-positive material accumulation. (C) STZ diabetic rats showing mild
thickened basement membranes of glomerular capillaries (arrow) and
Bowman’s capsule (arrowhead), (D) Glibenclamide group revealing normal
PAS staining of glomeruli and tubules, with loss or fragmentation of the brush
borders of a few renal tubules (arrow). (E) CSE group displaying normal PAS
staining of glomeruli, with intact brush borders of nearly all proximal
convoluted tubules, note loss of brush borders in a few renal tubules (arrow).
(F) GE group showing normal PAS staining of glomeruli, and intact brush
borders of majority of proximal convoluted tubules, and loss or fragmentation
of the brush borders of a few tubules (arrow).

Heart

Cardiac sections from the control group revealed intact
cardiomyocytes with centrally located nuclei and preserved
myocardial blood vessels (Fig. 7A). In contrast, STZ-induced
diabetic group demonstrated pronounced necrosis and
myomalacia (Fig. 7B), accompanied by multifocal
myocardial hemorrhage and widespread intrasarcoplasmic
vacuolation within the myocardium. Furthermore, vascular
damage was evident, illustrated by hypertrophy of smooth
muscle (Fig. 7C), or hyalinosis and vacuolation of vascular
wall (Fig. 7D).

Treatment with glibenclamide markedly mitigated the cardiac
damage induced by STZ. Most examined sections exhibited
histological structures closely resembling the control group
(Fig. 7E). Nonetheless, a few sections showed mild
pathology, including intermuscular capillary congestion and
limited areas of cardiac muscle necrosis (Fig. 7F). Similarly,
treatment with CSE significantly protected against STZ-
induced cardiac damage. The majority of heart sections
displayed normal cardiac muscle histology comparable to the
control group, although minor localized necrosis was noted in
some cardiac muscle fibers (Fig. 7G). Mild congestion of
myocardial blood vessels and capillaries was also
occasionally observed (Fig. 7H). The GE-treated group,
revealed minimal cardiac alterations characterized by limited
necrosis among predominantly healthy cardiac muscles (Fig.
71). Furthermore, mild thickening of myocardial blood vessel
walls and mild congestion of intermuscular capillaries were
occasionally observed in a few sections (Fig. 7J).

Histopathological damage scoring

The semiquantitative scoring of pancreatic (Fig. 8), renal
(Fig. 9), and cardiac (Fig. 10) tissues revealed significant
damage in STZ-induced diabetic rats, characterized by p-cell
necrosis (pancreas), tubular degeneration (kidneys), and
myocardial necrosis (heart). Treatment with CSE and

GE markedly reduced histopathological scores across all
organs (p < 0.001 wvs. diabetic group), with CSE
demonstrating superior efficacy, nearly normalizing
pancreatic islet architecture, preserving renal tubular
integrity, and minimizing cardiac lesions. GE also
demonstrated substantial protective effects, although slightly
less pronounced than CSE. Glibenclamide showed
intermediate protection, while untreated diabetic rats
exhibited severe injury (scores >12, indicating widespread
damage).
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Fig.7. Representative photomicrographs of heart sections stained by H&E
x200. (A) control group revealed normal cardiomyocytes with centrally located
nuclei with intact intermuscular blood capillary, (B-D) STZ diabetic group
revealing (B) focal cardiac necrosis (arrow) with myomalacia (arrowhead),(C)
muscular hypertrophy of blood vessel wall (arrow) with luminal narrowing, (D)
hyalinosis of myocardial blood vessel (arrowhead) and vacuolation of smooth
muscles of this blood vessel and some cardiac muscle (arrow), (E-F)) Diabetic
rats treated with glibenclamide showing (E) cardiac muscles nearly identical to
control, (F) congestion of the intermuscular capillaries(arrow) with necrosis of
some cardiac muscles (arrowhead). (G-H) CSE treated group revealing (G)
necrosis of a few cardiac muscles among identical cardiac muscles, (H) with
mild congestion of cardiac blood vessel wall and intermuscular blood capillary
(arrowhead). (1-J) GE treated group showing (I) typical intact cardiac muscles
with necrosis of a few cardiac muscle (thin arrow), (J) mild thickening of
cardiac blood vessel wall (arrow) and congestion of intermuscular blood
capillary (arrowhead).
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Fig.8. Semiquantitative evaluation of pancreatic histopathology and
immunoreactivity. (A) Hypocellularity of the islets of Langerhans, (B)
Degeneration/necrosis of islets B-cell. (C) Insulin immunoreactivity. (D) Total
histopathological damage score. Data are expressed as mean + SD. Asterisks
(*) denote significance vs. control: ****p < 0.0001, ***p < 0.001, **p < 0.01,
*p < 0.05; Hashtags (#) denote significance vs. STZ group: ####p < 0.0001,
#it#p <0.001, #p < 0.05; "ns" indicates non-significant differences.
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Cardiac necrosis

Vascular alterations

Fig.9. Semiquantitative evaluation of renal histopathology. (A)Tubular
degeneration, (B) Tubular necrosis. (C) Tubular cast. (D) Vascular alteration.
(E) Interstitial changes. (F) Total renal damage score. Data are expressed as
mean £ SD. Asterisks (*) denote significance vs. control: ****p <0.0001, ***p
< 0.001, *p < 0.05; Hashtags (#) denote significance vs. STZ group: ###p <
0.0001, ###p <0.001, ##p < 0.01 #p < 0.05; "ns" indicates non-significant
differences.
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Fig.10. Semiquantitative evaluation of cardiac lesions. (A) Cardiac necrosis.
(B) Myomalacia. (C) Sarcoplasmic vacuolation. (D) Vascular alteration. (E)
Congestion & hemorrhage. (F) Total cardiac damage score. Data are expressed
as mean + SD. Asterisks (*) denote significance vs. control: ****p < 0.0001,
***p < 0.001, *p < 0.05; Hashtags (#) denote significance vs. STZ group ####p
< 0.0001, ###p <0.001, ##p < 0.01; "ns" indicates non-significant differences.

4. DISCUSSION

Diabetes mellitus is a syndrome resulting from a variable
interaction of genetic and environmental factors. It is
characterized by abnormalities in insulin secretion and its
receptor interaction affecting metabolism of carbohydrates,
fats, and proteins cause damage to various organs (Jadon et
al., 2024). Recent studies have suggested that the prevalence
of pancreatic, renal, and heart dysfunctions and lesions are
more frequent and severe associated with diabetes (Sarhat et
al., 2019) .

Diabetic nephropathy (DN) is one of the leading causes of
mortality in diabetic animals (Dagar et al., 2021). Oxidative
stress is related to changes caused by continued
hyperglycemia and increased advanced glycation end
products (AGEs) (Samsu, 2021). Chronic changes
accompanied by STZ-induced diabetes are due to the release
of nitric oxide (NO), which mediates carbamoylation,
alkylation of cellular components, and destruction of
pancreatic B cells of Islet through DNA damage and cell
necrosis (Zhu, 2022).

In the present study, STZ-induced hyperglycemia was
associated with substantial pathological changes in the islets
of Langerhans, including hypocellularity, degeneration, and

necrosis. These changes were verified by immuno-
histochemistry results, which revealed a very low
immunoreactive response to anti-insulin expression. These
findings were agreed with (Metawea et al., 2023). In the
current investigation, daily oral administration of
glibenclamide, CSE, and GE significantly lowered glucose
levels and reduced pancreatic islets cell damage induced by
STZ. However, the CSE and GE treatment resulted in
significantly lower blood glucose levels than the
glibenclamide-treated group. These findings were consistent
with Moharib and Adly, (2024) and Delgado et al., (2025).
The antihyperglycemic and protective effects of CSE against
STZ-islet damage could be related to its polyphenol and
flavonoid antioxidant substances (Mousa et al., 2021).
Similarly, the antidiabetic benefits of GE were linked to the
presence of allicin-type compounds or sulfur compounds [di
(2-propenyl) disulfide and 2-propenyl propyl disulfide,
respectively (Yan et al., 2023).

The Kidney is the most important organ involved in the
detoxification of advanced glycation end products (AGES).
AGEs are a complex group of modifications on proteins; they
can be formed inside the body or absorbed from the diet
(Twarda-Clapa et al., 2022). AGEs formation leads to
structural and functional alterations of intra- and extra-
cellular proteins. Furthermore, AGEs accumulation causes
the induction of oxidative stress (Uceda et al., 2024). Chronic
hyperglycemia and oxidative stress lead to structural
abnormalities in many organs as B-cell necrosis (pancreas),
tubular degeneration (kidneys), and myocardial necrosis
(heart). Additionally, Functional abnormalities such as
increased urea, uric acid, and creatinine levels represent the
onset of DM. Oral administration of CSE and GE has reversed
the increased serum renal parameters, and these attenuating
effects were related to their antioxidant component. In the
present study, STZ-induced hyperglycemia was associated
with substantial pathological changes in renal sections,
including severe degeneration and necrosis of tubular
epithelium were recorded. These alterations were confirmed
by periodic acid Schiff (PAS) staining. PAS is a superior stain
for assessing tubule brush borders and basement membranes
(Alghamdi et al., 2020)

In the current study, PAS staining revealed weakening or loss
of brush borders of the proximal convoluted epithelium. On
the other hand, Glibenclamide, CSE, and GE treatment
reduced these changes caused by STZ-induced diabetes and
preserved the renal tubules and glomeruli, which was also
confirmed by PAS staining. These findings correlate with
biochemical improvements, confirming the protective effects
of CSE and GE for managing diabetes and its associated renal
and cardiac complications. The antioxidant compounds in
CSE and GE present in these extracts, might be helpful in the
amelioration of chronic blood glucose levels, oxidative stress
via inhibition of AGEs and their related consequences, and
may be effective against the progression renal damage
associated with STZ-induced diabetes (Syed et al., 2025).
Diabetes is an independent risk factor for cardiac failure
(Sarhat et al., 2019). DM is associated with an increased
prevalence of congestive heart failure, independent of
atherosclerotic coronary artery disease (Siam et al., 2024). In
this work, various cardiac microscopic alterations in the form
of focal necrosis with myomalacia, intrasarcoplasmic
vacuolation, as well as damage to blood vessels were noticed
in the heart sections of diabetic rats. These results align with
other works (Nemoto et al., 2006, Abdel-Mageid et al., 2018).
These structural cardiomyocyte changes were probably due
to the degeneration of the structural protein in mitochondria
of the cytoplasm that occurred in diabetes (Abdel-Mageid et
al., 2018). Badole et al., (2015) reported that any serious
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insult to the heart muscle enhances the release of Creatine
Kinase-MB (CK-MB), and Lactic Dehydrogenase (LDH)
enzymes into the serum of diabetic animals. In addition,
cardiac biomarkers of the STZ group, CK-MB and LDH were
significantly increased. The results of the current study
agreed with those of Suanarunsawat et al., (2016), who found
that DM impaired cardiac functions of diabetic rats by
augmenting serum levels of LDH and CK-MB. Likewise,
Zhang et al., (2024) suggested that the peak rise in LDH is
proportional to the extent of injury to the myocardial tissue.
The current study found that oral treatment of glibenclamide,
CSE, and GE considerably reduced LDH and CK-MB levels
while also greatly attenuating STZ-induced myocardial
injury. Due to their bioactive constituents, such as the linalool
in coriander (Sharifi et al., 2023) and the allicin in garlic
(Sharifi et al., 2023), CSE and GE have antioxidant properties
that probably alleviate the heart damage caused by
hyperglycemia-induced oxidative stress. As a result, the
cardiac muscles were nearly similar to cardiac muscles in the
control rats.

5. CONCLUSIONS

Both CSE and GE demonstrated greater cardiorenal
protective and antidiabetic effects in a diabetic rat model.
However, because of its stronger antihyperglycemic action
and greater antioxidant content, CSE provided better
protection overall than GE.
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