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The Possible Therapeutic Role of Mesenchymal Stem Cells of Bone 

Marrow in Treatment of Diabetic Nephropathy in Albino Rats 

Hind H. Ahmed, Saleh S. Edris, Naglaa A. Sarg, Essam M. Mhlab, Hend R. Mousa 

 

Abstract  

Background: Uncontrolled diabetes mellitus plays a significant 

role in the development of diabetic nephropathy. Aim: This study 

was performed to assess the pathological effect of diabetes on the 

kidney, the possible improvement of diabetic nephropathy by 

Insulin, and the therapeutic effect of mesenchymal stem cells. 

Methods: 50 healthy albino adult male rats were subdivided into 

two main groups, Group 1: control group (8 rats). Group 2: 42 rats 

were given a single intraperitoneal injection of streptozotocin (80 

mg/kg). After 6 weeks, confirming diabetic nephropathy, rats were 

dispersed into 3 groups as follows; Group (2a): diabetic 

nephropathic untreated rats, Group (2b) was given insulin glargine 

6 IU/24 hours, for 6 weeks and Group (2c) was received MSCs in 

intravenous injection (10
6
 cells) per rat once.  After sacrificing rats 

at the end of the experiment, blood sampling was done for 

laboratory analysis of serum urea, and creatinine. Kidney samples 

were prepared for light and electron microscopic examination. 

Results: Diabetic rats showed altered biochemical and histological 

changes which are dilated filtration space, focal lytic (degenerated) 

areas, and congested blood capillaries were observed in the diabetic 

group. Disfigurement of the renal tubules, with vacuolated 

cytoplasm in the insulin group while, normal appearance with mild 

increase in the Bowman's space in the MSCs group, with significant ameliorative effects on renal 

function. Conclusion: Treatment with insulin and MSCs showed improved histological and 

biochemical parameters in the kidneys of diabetic rats. 

Keywords: Diabetic nephropathy, Insulin, Mesenchymal stem cells. 

Introduction 

Diabetes mellitus is characterized by 

hyperglycemia. Advanced glycation end 

products (AGEs) buildup and insufficient 

control of glucose are major factors in the 

development of diabetic nephropathy. 

Furthermore, diabetes is the most common 
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cause of kidney failure
(1)

. While intensive 

insulin therapy and other interventions slow 

the development of diabetic complications, 

there is far less evidence that these 

interventions reverse diabetic complications 
(2)

. 

Mesenchymal stem cells (MSCs) have 

several advantages for therapeutic use, such 

as ease of harvesting, multilineage 

differentiation potential, and the lack of 

ethical issues that occur with the application 

of human embryonic stem cells (ESCs). In 

the past decades, the therapeutic value of 

MSCs has been extensively assessed in a 

broad range of disease models and clinical 

trials 
(3).

 

Materials and methods 

I-Materials: 

This study is experimental research 

approved by the Research Ethics Committee 

of faculty of Medicine, Benha University 

(MD-2-11-220) 

1. Animals  

This study was carried out on 50 adult 

albino rats, weighing between 200 and 250 

mg, obtained from laboratory animal house 

unit of Kasr Al-Ainy Faculty of Medicine, 

Cairo University and housed in plastic cages 

at 20 ± 2°C and 14 h: 10 h light: dark, Rats 

were fed a standard diet and water, at the 

laboratory animal house unit of Kasr Al-

Ainy, Faculty of Medicine, Cairo University. 

The experimental protocol was approved by 

the Research Ethical Committee of the 

Faculty of Medicine, Benha University. 

After an accommodation period of 1 week, 

the experiment was done from 5 January 

2021 to 30 March 2021. 

2. Chemicals  

Streptozotocin: As a drug named Zanosar, 

it was obtained from Sigma Chemical 

Company (Sigma-Aldrich, St. Louis, MO) in 

the form of 1 gm white to yellow powder 

vial.  

Insulin glargine: It is extended-action 

biosynthetic human insulin as a drug named 

Lantus, in the form of 10 ml vial containing 

100 units/ ml.  

3. Bone Marrow Mesenchymal Stem cells 

(BM-MSCs):  

The BM-derived MSCs (which were 

processed and cultured for 14 days) were 

used in a single dose (1×10
6
cells/ ml) 

suspended in 1ml phosphate buffer saline 

(PBS) were injected intravenously in rat tail 

vein. 

II- Methods: 

1. Experimental design: 

The fifty adult albino male rats were divided 

into two main groups: 

Group 1 (control group): It consists of 8 

healthy albino rats that weren't received any 

drugs.  

Group 2 (Diabetic group): It consists of 42 

Albino rats in which diabetes was induced 

by a single intra peritoneal injection of 

streptozotocin (STZ, 80 mg/kg; dissolved in 

citrate buffer (pH 4.5) 
(4).

 

Three days after injections, diabetes was 

confirmed by the development of 
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hyperglycemia (blood glucose >300 mg/dl) 

in three successive days 
(4).

 Blood glucose 

was measured using a glucometer and its 

corresponding blood tests strips (Accu-

Check; Roche Diagnostics, Germany) 
(5).

 

Diabetic nephropathy (DN) was confirmed 

after 6 weeks of diabetic conformation by 

measuring serum urea and creatinine in 

blood 
(6).

 

The diabetic rats were randomly dispersed to 

3 groups as follows: - 

Group (2a): 14 diabetic untreated rats.  

Group (2b): 14 diabetic rats which were 

treated with insulin glargine in dose 6 IU/24 

hours for 6 weeks 
(7).

 The doses of insulin to 

be given were determined according to 

blood glucose concentrations. A pre-dose 

blood sample was obtained by tail bleeding 

to measure blood glucose to achieve strict 

glucose control 
(4).

 

Group (2c): 14 diabetic rats which  received 

MSCs (which was processed and cultured 

for 14 days), in a single dose of (106cells) 

per rat by intravenous injection in rat tail 

vein 
(6).

 

At the end of the experiment, blood 

sampling through the retro-orbital vein was 

done for laboratory analysis of serum 

creatinine, and urea. Then, the rats were 

anesthetized via intraperitoneal injection of 

sodium pentobarbital (Nembutal, 30 mg/kg 

b.w.) for sacrificing. The anesthetized 

animals were killed by cervical dislocation. 

The abdomen was opened via ventral 

incision and the kidneys were removed, the 

left one was fixed in 2.5% glutaraldehyde, 

and the right one was fixed in 10 % formalin 

solution for 48 hrs. 

Labeling of MSCs with PKH26 

Mesenchymal stem cells were harvested 

during the 4th passage and were labeled 

with PKH26, which is a red fluorochrome. 

MSCs were labeled with PKH26 supplied by 

Sigma Company (Saint Louis, Missouri 

USA). Cells were centrifuged and washed 

twice in serum free medium. Cells were 

pelleted and suspended in dye solution. 

Cells were injected intravenously into rat tail 

vain. After 4 weeks, kidney tissues were 

examined with a fluorescence microscope to 

detect and trace the cells
(6). 

 

Fig (1): A photomicrograph showing several 

immunostained mesenchymal stem cells (PKH 26, 

red fluorescent) housed in the kidney. 

(Immunofluorescence × 200) 

2. Histopathological study: 

Kidneys samples have been prepared for a 

light microscopic study by fixation in 10 % 

formalin and were handled to make paraffin 

sections at 5 μm thickness. The sections 

were stained with: 

• Hematoxylin and Eosin stain. 
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• Masson's Trichome. 

Slide visualization and image photographing 

were performed in the Anatomy Department, 

Faculty of Medicine, Benha University, 

Egypt. For such purpose, Nikon Eclipse 80i 

upright microscope (Nikon Corporation, 

Japan) with a fitted digital camera, Toup 

CamTM Xcam full HD camera (ToupTek 

Europe, Ultramacro Ltd., UK) was used. 

• Transmission electron microscopic 

(TEM) examination: 

Ultrastructure examination of kidneys 

samples fixed in 2.5% glutaraldehyde was 

done according to 
(8)

; the ultrathin slices 

were studied in the faculty of medicine, at 

Tanta University, Egypt, using a TEM JEoL 

JEM-100 S. 

3. Biochemical study 
(6):

 

Six weeks after Insulin treatment and MSCs 

injection, blood sampling through the retro-

orbital vein. Serum urea and creatinine 

levels were measured using the conventional 

colorimetric method using QuantiChrom 

TM assay kit based on the improved Jung 

and Jaffe methods, respectively (DIUR- 500 

and DICT-500). 

These samples collected before sacrification 

of rats. 

4. Morphometric study 
(9):

 

Percentage of collagenous fibers area in 

sections stained with Masson's trichrome, 

using Leica Qwin 500 image analyzer 

computer system (Leica Microsystems Ltd, 

Cambridge, UK).  

 

Statistical analysis:  

The results were analyzed using SPSS 

version 19 (SPSS Inc., Chicago, Illinois, 

USA) and formulated as the mean ± SD. 

ANOVA was employed to ascertain the 

statistical significance, followed by Tukey's 

multiple comparison tests. p ≤ 0.05 was 

deemed significant 
(10).

 

Results 

 Histological results 

 Hematoxylin and Eosin results: 

Control group 1: 

 The renal cortex showed a normal 

glomerular structure surrounded by 

Bowman's capsule. The proximal 

convoluted tubules had a preserved brush 

border, while the distal convoluted tubules 

had wider lumens and no brush borders 

(Fig.2 a) 

Diabetic group(2a): 

The renal cortex showed inflammatory cells 

infiltration, focal lytic areas and congested 

blood capillaries were observed. There was 

a dilatation of the filtration space. The nuclei 

of proximal and distal tubules appeared 

pyknotic with vacuolated cytoplasm. 

Distorted proximal and dilated distal tubules 

were also observed (Figs.2b). 

Diabetic group treated with insulin (group 

2b): 

The renal cortex exhibited mild increase in 

the Bowman's space of the glomerular 

structure. There was disfigurement of the 



 Treatment of diabetic nephropathy, 2024 

117 
 

renal tubules, with vacuolated cytoplasm 

(Fig.2c). 

Diabetic group treated with mesenchymal 

stem cells (group 2c): 

The renal cortex appeared to have normal 

proximal convoluted tubules with preserved 

brush borders and distal convoluted tubules. 

Additionally, the glomerular structure 

retained its normal appearance with mild 

increase in the Bowman's space (Fig.2d). 

 Masson's trichrome results: 

The renal cortex of the control and 

mesenchymal stem cell group exhibited thin 

blue collagen fibers surrounding tubules and 

renal glomeruli (Figs.3 a& c) 

The diabetic and insulin group showed 

excess, blue-stained collagen fibers 

surrounding tubules and renal glomeruli in 

the renal cortex (Figs.3 b& d) 

 Transmission electron 

microscopic result:  

Control group 1: 

The renal glomerulus showed Podocyte with 

euchromatic nucleus, resting on regular 

glomerular basement membrane (GBM) of 

glomerular capillary with normal 

mitochondria (Fig.4a). 

Proximal convoluted tubule (PCT) with 

characteristic apical long microvilli, central 

rounded euchromatic nucleus, nucleolus, 

elongated mitochondria, regular basal 

lamina, lysosomes, and intact junctional 

complex between the cells (Fig.5a). 

Distal convoluted tubule (DCT) with short 

microvilli lining the lumen, normal nucleus, 

normal basal infoldings, mitochondria and 

Golgi apparatus were detected (Fig.6a).  

Diabetic group(2a): 

The renal glomerulus showed Podocyte with 

indented irregular dark nucleus, primary 

thick foot process and effacement of 

secondary foot processes. Increased 

thickness of glomerular basement 

membrane. Also, expansion of mesangial 

matrix was detected (Fig.4b). 

PCT cell with focal loss of apical microvilli 

and loss of the basal infoldings. The rarified 

cytoplasm showed pyknotic nucleus, partial 

lysis of cristae of swollen mitochondria and 

cytoplasmic vacuolation (Fig.5b). 

DCT showed widening in the intracellular 

spaces between the cells, disrupted basal 

infoldings. The rarified cytoplasm showed 

irregular small nucleus, degenerated 

mitochondria and cytoplasmic vacuolation 

(Fig.6b). 

Diabetic group treated with insulin (group 

2b): 

The renal glomerulus showed Podocyte and 

its related blood capillary with irregular 

endothelial cells and shrunken irregular 

pyknotic nucleus. Some areas of glomerular 

basement membrane (GBM) still have 

thickened areas and partial effacement of 

secondary foot process (Fig.4c). 

PCT with long microvilli with central 

rounded nucleus, mild lysis in cytoplasm, 

normal mitochondria and slightly dilated 
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SER. Large vacuoles were observed in 

cytoplasm (Fig.5c). 

DCT showed lytic area in cytoplasm, 

irregular nucleus, disruption in the basal 

enfolding and degenerated mitochondria. 

Cytoplasmic vacuolation and absence of 

microvilli were determined (Fig.6c). 

Diabetic group treated with mesenchymal 

stem cells (group 2c): 

The renal glomerulus showed Podocyte with 

nearly normal nucleus, primary thick foot 

process and numerous secondary foot 

processes resting on GBM of glomerular 

capillary was detected. Capillary showed 

mesangial cells (Fig.4d). 

PCT with regular euchromatic nucleus with 

extended chromatin, nucleolus, continuous 

long microvilli, normal mitochondria, 

smooth endoplasmic reticulum, regular basal 

lamina, and apical lysosomes. Normal 

appearance of lipid droplet was detected 

(Fig.5d). 

 DCT showed cells with regular normal 

nucleus with nucleolus, mitochondria, 

regular basal lamina, and characteristic short 

microvilli lining lumen was seen (Fig.6d). 

 

 Fig. (2) (a): A photomicrograph of a section of the renal cortex of rat of control group 1 showing normal glomerular 

structure (G), proximal convoluted tubules (P) with intact brush border (arrowhead). The distal convoluted tubules 

(D) can be seen. (H&E X400)  Fig. (2) (b): A photomicrograph of the section of renal cortex of diabetic rat (group 

2a) showing vacuolated cytoplasm in some tubular cells (circle), distorted proximal (P) and dilated distal (D) 

tubules. Some nuclei of the tubules appear pyknotic (curved arrow). Atrophied glomerulus (G) widened filtration 

space (star) can be seen. There are inflammatory cells infiltration (cross), Focal lytic area (dot) and congested blood 

capillaries (rectangle). (H&E X400)  Fig. (2) (c): A photomicrograph of a section of renal cortex of diabetic rat 

treated by insulin (group 2b) showing mild increase in Bowman’s space (star) of glomerular structure (G). The 

proximal (P) and distal convoluted tubules (D) showed disfigurement with vacuolated cytoplasm (circle). (H&E 

X400) Fig. (2) (d): A photomicrograph of a section of renal cortex of diabetic rat treated by mesenchymal stem cells 

(group 2c) showing mild infiltration with inflammatory cells (cross) in between convoluted tubules, nearly normal 

glomerular structure (G) with mild increase in Bowman’s space (arrow). Proximal convoluted tubules (P) are intact 

with preserved brush border (arrowhead), distal convoluted tubules (D) can be observed in normal shape.  (H&E 

X400) 
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Fig. (3) (a): A photomicrograph of a section in the renal cortex of control group 1 showing thin blue collagen fibers 

around tubules (arrow) and renal glomeruli (G). (Masson's Trichrome X400)  

Fig. (3) (b): A photomicrograph of the section of renal cortex of diabetic rat (group 2a) showing excess, blue-stained 

collagen fibers around the tubules (arrow) and renal glomeruli (G). (Masson's Trichrome X400)  

Fig. (3) (c): A photomicrograph of a section of renal cortex of diabetic rat treated by insulin (group 2b) showing 

excess, blue-stained collagen fibers around tubules (arrow) and renal glomeruli (G). (Masson's Trichrome X400)  

Fig. (3) (d): A photomicrograph of a section of renal cortex of diabetic rat treated by mesenchymal stem cells (group 

2c) showing minimal, blue-stained collagen fibers around and within tubules (arrow) and renal glomeruli (G). 

(Masson's Trichrome X400) 
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Fig. (4) (a): A photomicrograph of Transmission electron micrograph of the renal glomerulus of control group 1 

showing Podocyte (P) with euchromatic nucleus (N), resting on regular glomerular basement membrane (GBM) of 

glomerular capillary (C) with normal mitochondria (m).  (TEM X10000)  

Fig. (4) (b): A photomicrograph of Transmission electron micrograph of the renal glomerulus of diabetic rat (group 

2a) showing Podocyte (P), its related blood capillary (C), primary thick foot process(p1) and detachment of 

secondary foot process (p2) with indented pyknotic nucleus (N). Increased thickness of glomerular basement 

membrane (GBM) and expansion of mesangial matrix (Mm) can be observed. (TEM X10000) 

 Fig. (4) (c): A photomicrograph of Transmission electron micrograph of the renal glomerulus of diabetic rat treated 

by insulin (group 2b) showing Podocyte (P) and its related blood capillary (c) with irregular endothelial cell (E) and 

shrunken irregular pyknotic nucleus (N). Some areas of glomerular basement membrane (GBM) still have thickened 

areas and partial effacement of secondary foot process (p2). (TEM X10000)  

Fig. (4) (d): A photomicrograph of Transmission electron micrograph of the renal glomerulus of diabetic rat treated 

by mesenchymal stem cells (group 2c) showing Podocyte (p) and its related blood capillary (c) with secondary foot 

processes (p2) resting on normal basement membrane (GBM) with nearly normal nucleus (N). Capillary with 

mesangial cells (Mc) can be seen. (TEM X10000) 
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Fig. (5) (a): A photomicrograph of Transmission electron micrograph of the renal glomerulus of control group 1 

showing cells of proximal convoluted tubules with characteristic apical long microvilli (Mv), central rounded 

euchromatic nucleus (N), with nucleolus (n). Elongated mitochondria (m), lysosomes (L) and intact junctional 

complex between the cells (arrowhead) can be seen. (TEM X10000) 
 

 Fig. (5) (b): A photomicrograph of Transmission electron micrograph of the renal glomerulus of diabetic rat (group 

2a) showing PCT cells with focal loss of apical microvilli (Mv). The rarified cytoplasm (star) has pyknotic nucleus 

(curved arrow) and irregular one with extended chromatin (N), partial lysis of swollen mitochondria (m) and 

cytoplasmic vacuolation (V).  (TEM X10000)  
 

Fig. (5) (c): A photomicrograph of Transmission electron micrograph of the renal glomerulus of diabetic rat treated 

by insulin (group 2b) showing some cells of PCT having rarified cytoplasm (star), with some vacuoles (v), and 

characteristic apical continuous long microvilli (Mv). Normal central rounded nucleus (N), and normal mitochondria 

(m) can be noticed. (TEM X10000)   
 

Fig. (5) (d): A photomicrograph of Transmission electron micrograph of the renal glomerulus of diabetic rat treated 

by mesenchymal stem cells (group 2c) showing most probably normal cell of PCT with regular euchromatic nucleus 

with extended chromatin (N), nucleolus (n). Continuous long microvilli (Mv), normal mitochondria (m) and 

lysosomes (L). Normal appearance of lipid droplets (circle) can be seen. (TEM X10000) 
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Fig. (6) (a): A photomicrograph of Transmission electron micrograph of the renal glomerulus of control group 1 

showing distal convoluted tubules having lining cells with euchromatic nucleus (N), mitochondria (m). Normal 

basal membrane infoldings (arrow), intact junction between the cells (arrowhead) and short microvilli lining lumen 

(Mv). (TEM X10000)  

 Fig. (6) (b): A photomicrograph of Transmission electron micrograph of the renal glomerulus of diabetic rat (group 

2a) showing DCT cell with widening in intercellular space between the cells (double arrow). The rarified cytoplasm 

(star) shows dark pyknotic nucleus (N), degenerated mitochondria (m) and vacuolations. (TEM X10000)    

 Fig. (6) (c): A photomicrograph of Transmission electron micrograph of the renal glomerulus of diabetic rat treated 

by insulin (group 2b) showing DCT cells with lytic area in cytoplasm (star), shrunken nucleus (N), and degenerated 

mitochondria (m), Cytoplasmic vacuolation (V) and partial absence of apical microvilli (Mv). (TEM X10000)  

 Fig. (6) (d): A photomicrograph of Transmission electron micrograph of the renal glomerulus of diabetic rat treated 

by mesenchymal stem cells (group 2c) showing nearly normal DCT cells with regular normal nucleus (N) with 

nucleolus (n), mitochondria (m), and characteristic short apical microvilli (Mv). (TEM X10000)  
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Biochemical results: 

Mean values of serum urea level (Table 1) 

Diabetic group (group2a) showed significant 

increase (P< 0.05) of serum urea level when 

compared with control group 1, diabetic rat 

treated by insulin (group 2b) and diabetic rat 

treated by mesenchymal stem cells (group 

2c) 

Diabetic rat treated by insulin (group 2b) 

showed increase (P< 0.05) of serum urea 

level when compared with control group 

1and significant decrease when compared 

with diabetic group (group2a)  

Diabetic rat treated by mesenchymal stem 

cells (group 2c) showed significant decrease 

(P< 0.05) of serum urea level when 

compared with diabetic group (group2a). 

Mean values of serum creatinine level 

(Table 2): 

Diabetic group (group2a) showed significant 

increase (P< 0.05) of serum creatinine level 

when compared with control group 1, 

diabetic rat treated by insulin (group 2b) and 

diabetic rat treated by mesenchymal stem 

cells (group 2c) 

Diabetic rat treated by insulin (group 2b) 

showed increase (P< 0.05) of serum 

creatinine level when compared with control 

group, diabetic rat treated by mesenchymal 

stem cells (group 2c), and significant 

decrease when compared with diabetic 

group (group2a)  

Diabetic rat treated by mesenchymal stem 

cells (group 2c) showed significant decrease 

(P< 0.05) of serum creatinine level when 

compared with diabetic group (group2a) and 

rat treated by insulin (group 2b). 

Mean area percentage of collagen fiber 

deposition by Masson’s trichrome staining 

(Table 3): Diabetic group (group2a) showed 

significant increase (P< 0.05) of collagen 

fiber deposition when compared with 

control group 1, diabetic rat treated by 

insulin (group 2b) and diabetic rat treated by 

mesenchymal stem cells (group 2c) 

Diabetic rat treated by insulin (group 2b) 

showed increase (P< 0.05) of collagen fiber 

deposition when compared with control 

group, diabetic rat treated by mesenchymal 

stem cells (group 2c), and significant 

decrease when compared with diabetic 

group (group2a)  

Diabetic rat treated by mesenchymal stem 

cells (group 2c) showed significant decrease 

(P< 0.05) of collagen fiber deposition when 

compared with diabetic group (group2a) and 

rat treated by insulin (group 2b). 

 

Table (1) shows mean values of serum urea level: 

Group 2c 

(mesenchymal stem cell 

group) 

Group 2b 

(insulin group) 

Group 2a 

(diabetic group) 

Group 1 

(control group) 

Mean % ± SD 

17.3 ± 2 21.7 ± 3.3 26.5 ± 1.6 14±3.5 Serum urea level 

(mg/dl) 

With group 2a With 

groups 1, 2a 

With group 1, 2b & 

2c 

With groups 2a 

& 2b 

Significance ≤ 0.05 
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Table (2) show mean values of serum creatinine level: 

Group 2c 

(mesenchymal stem 

cell group) 

Group 2b 

(insulin group) 

Group 2a 

(diabetic group) 

Group 1 

(control group) 

Mean % ± SD 

0.29±0.09 0.65 ± 0.04 

 

0.88±0.02 0.2±0.01 Serum creatinine 

level (mg/dl) 

With groups  

2a& 2b 

With Groups 

 1, 2a & 2c 

With groups 

 1, 2c & 2b 

With groups 

 2a & 2b 

Significance ≤ 

0.05 

 

Table (3) show mean area percentage of collagen fiber deposition: 

Mean % ± SD Group 1 

(control group) 

Group 2a 

(diabetic group) 

Group 2b 

(insulin group) 

Group 2c 

(mesenchymal 

stem cell group) 

Mean area percentage of 

collagen fibers 

deposition 

4.1 ± 0.24 % 27.09 ± 0.28 % 14.87 ± 0.8 % 5.06 ± 0.3 % 

 

Significance ≤ 0.05 With groups 2a 

&2b 

With groups  

1, 2b & 2c 

With groups  

1, 2a & 2c 

With groups  

2a & 2b 
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Discussion 

In the Present study, Streptozotocin-induced 

diabetic group showed glomerular affection, 

dilated filtration space, inflammatory cells 

infiltration and focal lytic areas in the 

cytoplasm of cells lining the proximal and 

distal tubules. These findings were in 

agreement with that published by 
(11)

 and 
(12)

. 

The uncontrolled hyperglycemia triggered 

apoptotic changes through increase blood 

glucose level produces free radicals and 

reactive oxygen species (ROS), which 

activate oxidative stress and apoptosis of 

tubular epithelial cells and podocytes of the 

lipid peroxidation (LPO) level in the kidney 

was measured as malondialdehyde (MDA), 

which is the final product of lipid 

peroxidation. In diabetic rats, the antioxidant 

enzyme activities were significantly 

downregulated associated with an increase 

in malondialdehyde (MDA) level over the 

base line values 
(13).

 

Electron examinations of the renal cortex in 

diabetic rats in the current study showed that 

podocytes had an indented irregular dark 

nucleus and autophagic vacuole with 

primary thick foot processes and detachment 

of secondary foot processes. This result was 

similar to 
(14).

 Podocyte elimination is 

explained by
 (15)

 who reported  that elevated 

glucose levels influence nephrin expression. 

Nephrin is a key podocyte protein that plays 

a direct role in actin dynamics and podocyte 

survival pathways. Podocytes became more 

susceptible to mechanical force-induced 

separation and the foot process was 

eliminated as a result. 

In this study, the glomerular basement 

membrane (GBM) was irregularly thickened 

and there was an expansion of mesangial 

matrix in diabetic group. These findings 

were consistent with 
(16)

 and 
(17).

 Thickening 

of the GBM in DM, resulting from 

overproduction of matrix components and 

diminished matrix metalloproteinases 

(MMPs) activity which is important in 

extracellular matrix renovation 
(18).

 

In the current study, there was a significant 

increase in the area percent of collagen 

deposition noticed in diabetic rats. These 

results were similar to 
(19).

 According to 
(20)

, 

tubular damage may trigger renal fibrosis 

and chronicity via inducing the tubular 

lining cells to release various mediators, 

including Tumor necrosing factor- alpha 

(TNF-α) which then promotes the 

differentiation and proliferation of 

myofibroblasts. 
(21)

 shown that in STZ-

induced diabetic kidney nephropathy, ROS 

could activate nuclear factor-Kappa beta 

(NF-kβ), which up-regulates Transforming 

growth factor-β (TGF-β1) which is a 

fibrogenic growth factor participates in 

progressive renal tubular atrophy. 

In the current study, the histological changes 

were consistent with the significant 

elevation of urea and creatinine in the 

diabetic group when compared with control 

group. These results are consistent with 

findings of 
(22)

 and 
(18) 

who reported 

impaired the renal functions of the DM rats 

indicated by increase of serum levels of 

creatinine, urea. 
(23)

 reported that three 

weeks of diabetic induction is sufficient to 

cause oxidative stress that causes lipid 

peroxidation and renal damage, this is 
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demonstrated with high level of urea and 

creatinine.  

In hematoxylin and eosin-stained sections of 

the renal cortex, treatment with insulin for 

six weeks after the creation of diabetic 

nephropathy model revealed some 

histopathological changes were still present 

as a mild increase in Bowman's space and 

disfigurement with vacuolation in the 

epithelial lining of the proximal and distal 

convoluted tubules. These results were in 

line with those of 
(24),

 who found that insulin 

therapy partially restored the morphology of 

certain glomeruli and some proximal and 

distal convoluted tubules. However, several 

histological changes continued, including 

vacuolation in the tubule lining. Insulin 

treatment slowed the progress of diabetic 

nephropathy, stopped thickening of the 

glomerular basement membrane, and 

reduced tubular epithelial apoptosis 
(25).

 

In this study, the ultrastructure of renal 

cortex of insulin treated group showed that 

podocyte had shrunken irregular pyknotic 

nucleus with irregular endothelial cell. Some 

areas of glomerular basement membrane 

still have thickened areas and partial 

effacement of secondary foot process. These 

results were in consistent with 
(26)

 and 
(27).

 

Insulin is crucial for the regulation of 

glucose transferring and cytoskeletal 

contractility in podocytes due to highly 

expression of insulin receptor 
(26).

 

The area percentage of collagen in insulin 

treated group significantly decreased when 

compared with diabetic group but still 

significantly increased when compared with 

control group. These results were explained 

by 
(28)

 and 
(26) 

that stated that insulin 

decreases Alpha smooth muscle actin  (α-

SMA) and collagen I expression levels and 

increase nephrin expression at the mRNA 

and protein levels in podocytes.  

According to the current study, the mean 

serum urea and creatinine level of the 

insulin group significantly decrease (P< 

0.05) when compared with diabetic group 

but still significantly increase (P< 0.05) 

when compared with control group. These 

findings were consistent with 
(24)

 who 

reported that treatment of diabetic 

nephropathy model with insulin showed 

improved oxidative reaction by decrease 

MDA level. 

 In this study, Hematoxylin and Eosin-

stained sections of the renal cortex of MSCs 

treated group showed partially restored 

shape of some proximal, distal convoluted 

tubules and some glomeruli. These findings 

were similar to 
(29)

 and 
(30).

 

These results were explained by 
(31)

 who 

suggested that when the body ischemia, 

hypoxia, and injury, MSCs have a “homing” 

trait that predominately distributes to the 

injury site. Many researchers believe that the 

homing ability of MSCs may be the key to 

their therapeutic effect.  

In this study, ultrastructure the renal cortex 

of MSCs treated group, revealed podocyte 

had a nearly normal nucleus, a primary thick 

foot process, and numerous secondary foot 

processes resting on the GBM of the 

glomerular capillary. These results were in 

agreement with 
(29), (32)

 and 
(33).

 

In the current study, the area percent of 

collagen fibers in MSCs treated group 
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showed significant decrease (P< 0.05) when 

compared with diabetic and insulin treated 

groups, these results were similar to (34) 

who suggested that the improvement effect 

of MSCs on renal fibrosis in DN rats might 

be associated with significant suppression of 

high glucose-induced production of pro 

inflammatory cytokines (IL-6, IL-1β, TNF-

α) and profibrotic factor (TGF-β). 

Based on the current study, MSCs treated 

group showed significant decrease in serum 

urea and creatinine levels (P< 0.05) when 

compared with diabetic group. 

These results are consistent with findings 

from
 (35)

 and 
(36). (37)

 suggested that MSCs 

could hinder activation of NF-kB signal 

cascade by ROS as well as upregulation of 

TGF-β1 and hyperglycemia-mediated in 

DN. 

Conclusions 

 

From this study, we concluded that 

treatment with insulin showed minimal 

improvement in the changes in glomerular 

structure, PCT, and DCT, compared with 

untreated diabetic rats. 

Considering the efficacy of stem cell 

therapy, the current results showed a 

significant ameliorative effect on all 

histopathological features and biochemical 

markers as well as on the kidneys of diabetic 

rats. 
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