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Abstract 
Objective: The capillary changes at the initial stage of diabetes may show an angioarchitecture clearly 
different from those of later stages and/or very severe glomerular change. However, the onset of alterations in 
the early phases is unclear. This study attempts to determine the structural alterations of the glomerular wall 
and vessels in the early stage of diabetes. Material and Methods: Twenty-five adult rats were used in this 
study. They were divided into two groups:  the first group of five was used as a control .The second group of 
20 (the experimental group) was injected intraperitoneally by a single dose of streptozotocin to induce 
hyperglycemia. Rats were sacrificed after ten days, two months, and four months. Five rats at two months of 
age with hyperglycemia were treated with insulin for eight weeks. Renal tissues were prepared by routine 
technique for light and transmission electron microscopic evaluation. Results: By light microscopy after ten 
days of induced hyperglycemia, there were no structural modifications detected either in renal glomerular fine 
vessels or in the glomerular basement membrane of the glomerular capillaries. After two months, there was a 
moderate glomerular enlargement and dilatation of glomerular capillaries, afferent, and efferent arterioles. 
After four months, glomerular basement membrane thickening was the only structural alteration observed. 
Recovery of the glomerular alterations was observed after two months of treatment with insulin. Conclusion: 
In early stages of diabetes mellitus in rats, there was an increase in the diameter of glomerular vessels. In 
later stages of the disease, the reverse was seen, but insulin treatment had a positive role in reversing these 
changes in the study subjects. 
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Introduction 

Diabetes mellitus has become a global scourge. 
Diabetic end-stage renal disease (ESRD) has 
imposed a severe economic burden on society as 
well [1, 2]. Diabetic ESRD, which is frequently 
accompanied by retinopathy with blindness, 
hypertension, coronary artery disease, and 
peripheral gangrene with subsequent amputation, 
devastates the life of these patients as well as 
their families [2].The precise mechanisms of the 
diabetic vascular complications are not fully 
understood. However, the vascular endothelium 
appears to be the initial target site of injury [3-6]. 
Treatment of diabetes has thus far revolved 
around controlling hyperglycemia to prevent these 
complications. To that end, prospective clinical 
trials have determined that tight glycemic control 
and concomitant blood pressure control 
significantly reduce the risk of microvascular 
complications.  [7,8]. 

Congenital diabetes has been reported in many 
experimental animals, i.e. mice, rats and hamsters 
[9]. Glomerular lesions similar to those found in 
human diabetes have been studied in these 
experimental animals [I0-2]. Glomerular oedema, 
expansion of the glomerular capillary lumen, and 
enhanced glomerular perfusion were reported to 
be the major symptoms during the initial stage of 
the disease [12-15]. 

Glomerulosclerosis, diffuse sclerosis of 
mesangium, thickening of basal laminae, and 
proliferation of glomerular cells can all be 
observed in young KK mice (two to four months 

old) [15,16]. Abnormal glucose tolerance begins at 
four months of age in these animals [10]. Few 
detailed studies, however, have been directed to 
the initial alteration in capillaries in diabetic 
glomerular changes. The capillary changes at the 
initial stage may show an angioarchitecture clearly 
different from those at later stages and/or that 
which is noted in very severe glomerular changes. 
However, the onset of alterations at the early 
phases of diabetes is unclear. This study attempts 
to determine the functional and structural 
alterations of the glomerular wall and vessels in 
the early stages of diabetes.  

 
Materials and Methods 

Animals 
Twenty five male adult albino rats (ten weeks 

old and 250-280 g body weight) were used. They 
were divided into two groups: the first group (five 
rats), with tail blood sugar level (130-160 mg %), 
was used as the control group to study the normal 
size and shape of the glomerulus and glomerular 
vessels. Twenty rats comprising the second group 
(20 rats) were injected intraperitoneally by a single 
dose of 55 mg streptozotocin/Kg of body weight as 
described previously [11,17]. Twenty four hours 
later, induction of diabetes was confirmed by 
measuring plasma glucose levels (above 400 
mg%) using an Accu-check advance meter 
(Roche Diagnostics, Indianapolis, IN). Animals 
were divided into four subgroups, each with five 
rats. The first three subgroups were sacrificed by 
cervical dislocation after ten days, two months, 
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and four months. The last subgroup (two months 
of age) of hyperglycemic rats was treated three 
times a week with a low dose (1 - 1.5 IU) of insulin 
(Ultralente; Novo, Copenhagen, Denmark) for two 
months to evaluate reversibility of the glomerular 
alteration as described previously [3]. Animals 
were fed a standard commercial diet. The 
experiments were approved by the state 
authorities and followed Egyptian law on animal 
protection. 

  
Histological studies 

For light microscopy: small pieces of the 
kidney were quickly removed, then fixed in 
Carnoy’s fixative fluid. Following fixation, 
specimens were dehydrated, embedded, and then 
sectioned to five microns thickness. For histologi-
cal examinations, sections were stained with 
Ehrlich Haematoxylin and Eosin [18].  

 
For transmission electron microscopy: renal 

tissues were fixed in 2.5% glutaraldehyde at 4 °C 
for two hours, rinsed with cacodylate buffer 
solution and post fixed in 2% osmium tetroxide. 
The specimens were dehydrated in graded 
concentrations of ethanol and embedded in epoxy 
resin. Ultra-thin sections stained with uranylacetat, 
lead citrate, and tannic acid were examined by 
light and transmission electron microscope (T.E.M) 

 
Result 

Light microscopy: After ten days of 
streptozotocin injection, kidney sections of 
hyperglycemic rats had mild enlargement of 
glomeruli and glomerular capillaries (Fig. 2) with 
no structural modification detected either in renal 
glomerular fine vessels or basement membrane in 
comparison to the control group (Fig. 1), which 
allowed us to conclude these rats suffered early 
disease effect. 

Examination of kidney sections of hyperglycemic 
rats after two months of streptozotocin injection 
showed a moderate enlargement of glomeruli, 
dilatation of glomerular capillaries, and afferent 
and efferent arterioles (Fig. 3) with no structural 
modification either in renal glomerular fine vessels 
or in basement membrane in comparison to the 
control group (Fig. 1). So, this was determined to 
be the intermediate disease effect. After four 
months (late disease effect) hyperglycemic rats' 
glomerular basement membrane thickening was 
the only structural alteration observed (Fig. 4). 
Recovery of the glomerular alteration (glomerular 
enlargement, vessels dilatation and thickening of 
basement membrane) was observed after two 
months of insulin treatment.  (Fig. 5).   

 Transmission electron microscopy: In 
hyperglycemic rats of ten days and two months of 
age , gradual enlargement of glomeruli and 
dilatation of glomerular capillaries were found (Fig. 
6). Structural modification in the form of 
glomerular basement membrane thickening was 
observed in rat kidneys after four months of 
hyperglycemia (Fig. 7). Recovery of the 
glomerular alteration (glomerular enlargement, 
vessel dilatation and thickening of basement 
membrane) were observed after two months 
treatment with insulin for rats who had two months 
duration of diabetes mellitus (Fig. 8). 

 
Discussion 

The present study provided a clear 
demonstration of the increase in size of the 
glomerulus and dilatation of the glomerular fine 
vessels in rats with early diabetes. These findings 
have confirmed previous histological studies [15]. 
Diameters of the afferent arteriole, glomerular 
capillary and efferent arteriole were greater in the 
early diabetic animals than in the control groups. 

An elevated GFR (glomerular filtration rate) is a 
well established feature in early diabetes in 
humans [13] as well as in rats [19].The 
mechanism of this elevated GFR is activated by 
an enhanced RPF (renal plasma flow), an 
increased transglomerular hydrostatic pressure 
gradient and an increased glomerular ultrafiltration 
coefficient [14]. The GFR determinants are closely 
related to the hemodynamics of the glomeruli. 

Although we cannot directly determine the 
functional significance of the GFR determinants, it 
is reasonable to assume that an increase in the 
diameter of glomerular vessels may affect the 
kidney function in early diabetes. In support of this 
concept, Poiseuille's Law [20] states that when the 
diameter of a vessel increases by 10 to 20 %, 
blood flow in the vessel increases by 20 to 40%. 
Interestingly, this 46 to 200% blood flow increase 
in the kidney has been reported in humans with 
early diabetes compared with non-diabetic control 
groups [15]. The increased renal blood flow may 
be the factor behind the enhanced RPF and 
increased glomerular ultrafiltration coefficient 
ultimately affecting the GFR. It is also well known 
that parallel reductions in afferent and efferent 
resistances induce a blood flow increase in early 
diabetes. The present study demonstrates an 
increase in diameters of the afferent and efferent 
arterioles in diabetic rats. This increase in 
diameter of arterioles may allow increased blood 
flow into the glomerulus, resulting in an increased 
RPF. 
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The present study has clearly shown 
enlargement of the capillary lumen, which 
represents an expansion of the surface area 
available for filtration. Since the ultrafiltration 
coefficient is determined by the fluid permeability 
of the glomerular capillary and the area of its 
surface available for filtration [13], the enhanced 
ultrafiltration characteristic of early diabetes may 
well be caused by the enlargement of glomerular 
capillaries. Furthermore, an increase in the caliber 
of the afferent arterioles has been shown in the 
present study. Dilation of the afferent arteriole 
increases the glomerular pressure, with a 
corresponding increase in glomerular filtration rate 
[13]. 

It was reported that the streptozotocin-diabetic 
mouse model is characterized by both growth 
hormone (GH) hypersecretion and glomerular 
growth in early experimental diabetes in mice [21]. 
Although segmental thickening of the basement 
membrane and proliferation of cells has been 
observed in diabetic KK mice from  two to four 
months old [12,16], we could find in the present 
study that these glomerular changes occur in four 
month old diabetic rats. However, our findings 
regarding the dilation of capillaries in the glomeruli 
of diabetic rats are consistent with the findings of 
other authors [12]. These glomerular changes in 
rats increase in severity with age and are similar to 
those observed in human diabetes. The typical 
nodular glomerular sclerosis seen in humans does 
not develop in rats but severe sclerosis of 
arterioles develops in older diabetic mice more 
severely than in humans [22]. The striking 
glomerular vascular changes we observed in 
young diabetic rats beara certain similarity to those 
described in early-onset human diabetes. The 
enlargement of glomerular fine vessels may be 
considered a common feature. In the late and/or 
severe diabetic, an increase of mesangium and 
thickening of basement membranes encapsulating 
glomerular capillaries was found in the present 
study and was consistent with other findings 
[11,22,23]. These mesangial and basement 
membrane lesions cause a distortion and 
narrowing of glomerular capillaries that leads to a 
decreased GFR [13]. The fine vascular 
configuration of the glomerulus in later stages 
appears to be quite different from that seen at 
earlier stages of diabetes. 

 
 
 
 
 
 

 
Figure (1): Photomicrograph of glomerulus (arrow) of control non-
diabetic rat. H&E stain. X 250. 
Figure (2): Photomicrograph of glomerulus of ten days old 
hyperglycemic rat showing enlargement of the glomerulus (arrow) 
and dilated capillaries (double arrows), afferent (A) and efferent (E) 
arterioles H&E stain. X 250. 
Figure (3):  Photomicrograph of glomerulus of two months old 
hyperglycemic rat showing more enlargement of the glomerulus 
(arrow) and more dilated capillaries (double arrows), afferent (A) 
and efferent (E) arterioles H&E stain. X 250. 
Figure (4):  Photomicrograph of glomerulus of four months old 
hyperglycemic rat showing glomerular basement membrane 
thickening (arrowhead) beside glomerular enlargement and 
vessels dilation. H&E stain.  X 250. 
Figure (5):  Photomicrograph of glomerulus after two months of 
insulin treatment of rat with two months diabetes showing recovery 
of glomerular enlargement (arrow), vessels dilation (double arrow) 
and structural alteration of basement membrane (arrow) nearly to 
the normal. H&E stain.  X 250. 
 Figure (6):  Transmission electron micrograph of glomerulus of two 
months old hyperglycemic rat showing enlargement of glomerulus 
(arrow) and dilatation of glomerular capillaries (double arrow).  X 
4000. 
Figure (7):  Transmission electron micrograph of glomerulus of four 
months old hyperglycemic rat showing thickening of basement 
membrane (arrowheads), beside to the enlarged glomerulus.  X 
4000. 
Figure (8):  Transmission electron micrograph of glomerulus of two 
months insulin treatment for rat having diabetes for two months 
duration showing recovery of glomerular enlargement, vessels 
dilatation (double arrows) and decreased alteration of basement 
membrane thickening. X 4000. 
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Conclusion 
Results from our study indicated that in early 

stages of diabetes, there was a moderate 
enlargement of glomeruli and dilatation of 
glomerular vessels. In late stages of diabetes, the 
glomerular walls were thickened. Insulin treatment 
has a good role for reversing these changes but 
further studies may be required to observe long-
term vascular changes and the exact 
pathogenesis of diabetic nephropathy. 
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