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Abstract

Introduction: little is known about the potential effects induced by sulphonylureas independently of
their anti-hyperglycemic action. The present study examined the effect of glimepiride treatment on
the progression of renal histological changes in diabetic rats to determine whether therapeutic
intervention with these agents would prevent the onset and progression of renal complications or
not. Material and methods: forty-eight adult male albino rats were equally divided into four
groups; control, normal rats receiving glimepiride, streptozotocin induced diabetic non-treated rats
and glimepiride-treated diabetic rats. Blood glucose level measurement and histological evaluation
of renal tissue elements using H&E, Masson trichrome, and PAS reaction techniques at four and
eight weeks after treatment were performed. Stained sections were subjected to some morphometric
measurements namely, glomerular tuft area (GTA), mesangial matrix index (MMI) and area per cent
of connective tissue (CT). Statistical analysis for significance of obtained data was performed using
analysis of variance and student-T test. Results: Glimepiride did not cause any histological renal
impairment when used solely. Induction of diabetes had a significant negative impact on renal
structure. In addition to significant elevation of blood glucose levels, increased kidney and kidney to
body weight ratio was estimated. A variety of histological changes affecting the glomerular and
tubular elements of renal tissue were detected and were more intense in the eighth week of the
experiment. A significant increase in GTA, MMI and area per cent of C.T. were also found in
diabetic rats. All the tested parameters showed a significant improvement in the glimepiride-treated
group. Conclusion: glimepiride could attenuate most of the histological changes produced in case of
experimentally induced diabetic nephropathy in spite of persistent hyperglycemia.
Recommendation: glimepiride could be used in Type | and type Il diabetics to protect or slow
down the progression of diabetic nephropathy.
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INTRODUCTION

Streptozotocin is well known for its selective continued to be an interesting area of search
pancreatic islet beta-cell cytotoxicity and has (Krishna et al., 2004).

been extensively used to induce severe and The progression of renal complications
irreversible  hyperglycemia ~ in  the associated with long-term poorly controlled
experimental animals (Mitra et al., 1996). It diabetes mellitus occurs in human over a time
impairs glucose oxidation, decreases insulin course of ten to twenty five years. The
biosynthesis and secretion (Mir et al., 2008). histoarchitectural changes associated with the
The  microvascular and  macrovascular disease progression are well described in
complications in diabetes are the major literature and include glomerular
causes of morbidity and mortality in diabetic hypertrophy, ~ thickening of  glomerular
subjects. Therefore, the search for more basement membrane, mesangeal expansion
effective and safer hypoglycemic agents has and interstitial fibrosis (Dalla Vestra et al.,
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2001). However, it has become evident that
prolonged tight glycemic control slows down
the progression of diabetic nephropathy
(McCarthy et al., 2000).

Sulphonylurea group has represented the
backbone of non-insulin dependent diabetes
mellitus therapy for more than 30 years. The
insulinotrophic effect of sulphonylurea is
augmented by glucose and they apparently
increase beta cell sensitivity to glucose and
non-glucose stimuli (Pfeifer et al., 1980).
Glimepiride has been developed for glycemic
control in diabetic patients and represents the
third generation sulphonylurea. It effectively
inhibits the development of oxidative stress
in diabetes by possessing a potent
extrapancreatic effect on glucose metabolism
and may directly stimulate glucose transport
activity through phospholipid signaling
pathway (Krauss et al., 2003).

The present study examined the effect of
glimepiride treatment on the progression of
renal histological changes in diabetic rats to
determine whether therapeutic intervention
with this drug would prevent the onset and
progression of renal complications or not.

MATERIAL AND METHODS

Test drugs:
1. Streptozotocin (STZ):

N-methylonitrosocarbamiloD-glucosamine
(Sigma chemical company, St.Louis, USA)
freshly prepared in citrate buffer (pH4.5).
2.Glimepiride (Amaryl, Avertis Pharma) 4mg
tablets freshly dissolved in distilled water.
Animals:
Forty-eight adult male albino rats weighing
150-200 gm were used for this study. They
were kept under normal laboratory conditions
and given free access of food and water. They
were acclimatized for one week before starting
the experiment.
Experimental induction of diabetes:
Diabetes was induced by an intraperitonial
injection of a single dose of streptozotocin
(45mg/Kg body weight) after 18 hrs fasting
(Luno et al.,, 1998). Streptozotocin (STZ)
powder was dissolved in 0.1mol/L freshly
prepared citrate buffer (pH 4.5) 10 min before
use. This drug has been shown to induce a
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diabetic state in 72 hrs as documented by
examining tail blood samples using a
glucometer (Smart-DC, Germany). Animals
were classed diabetics when glycemia
exceeded 11mmol/L (Immol=18mg glucose)
following Park and Bendayan (1994).
Animals with blood glucose levels above
200mg/dl were selected for the study.
Experimental design:

Group I: control rats (n=12) were given
distilled water orally at the same time where
other groups were given the drug.

Group II: contained the rats (n=12) that were
given glimepiride (0.36mg/Kg/day) through
gastric gavage. This dose was equipotent with
human therapeutic dose after adjustment using
the equation provided by Paget and Barnes
(1964).

Group I11: diabetic rats (n=12) served as non-
treated diabetic rats that received distilled
water orally at the same time where other
groups were given the drug

Group 1V: diabetic rats (n=12) that were
treated with glimepiride with the same dose
used in group 1.

Five rats were randomly selected from each
group after 4 weeks then 8 weeks of treatment
and blood glucose was measured. Thereafter,
rats were weighed, sacrificed and the wet
weight of the right kidney was recorded then
renal tissue was processed for histological
examination.

(P.S. At the end of the experiment, two
untreated diabetic rats died within the eight
week observation period).

Histological study:

The right kidneys of sacrificed rats were
dissected and washed with saline then divided
into two halves parallel to the major axis.
Specimens were fixed in 10% buffered formol
saline, routinely processed for 5um paraffin
sections and stained with hematoxylin and
eosin, Masson trichrome (MT) and Periodic
Acid-Schiff (PAS) reaction (Drury and
Wallington, 1967).

Morphometric study:

Morphometric measurements of digitalized
images from stained sections were performed
by "Leica QWin 500" image analyzer
computer system (England). Quantitative
morphometric study included:
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A. Detection of glomerular tuft area (GTA)
in PAS stained slides. Ten randomly
selected glomeruli per animal were
examined under high magnification
(X400). GTA was measured by manually
tracing the glomerular tuft and results
were expressed as means +SD in
micrometers squared (Nakagawa et al.,
2003).

B. Assessment of mesangeal expansion
(mesangeal matrix index= MMI) by
determining the ratio of mesangial matrix
area to glomerular tuft area (McCarthy et
al., 2000). Mesangial matrix area was
defined as the PAS positive area within
the tuft area (Yamashita et al., 2002).

C. Detection of the area per cent occupied by
the blue-stained connective tissue within
the glomeruli and surrounding the tubules
in Masson trichrome stained samples.

Statistical analysis:

Data were presented as means + standard

deviation. Comparison of data among

different groups was carried out by one way
analysis of variance (ANOVA). Results were

considered significant when probability (p)

was < 0.05, highly significant when (p) <0.01

and very highly significant when p <0.001

(Mould, 1989).

RESULTS

Effect on body weight and relative kidney
to body weight (KW/BW)

Body weights of rats from group | and group
Il steadily increased over the time of the study
with no significant increase in the body
weight, kidney weight or KW/BW ratio in
group Il compared to group I. On the other
hand, diabetic rats (group Il and group IV)
weighed significantly less than their respective
control group at all time points considered
throughout the study. Rats of group 1V didn’t
show significant change in BW after the
period of four weeks compared to group IlI,
while at the eighth week a significant increase
in BW became evident.

Till the fourth week of the experiment, there
was no significant difference between kidney
wt. of rats from all groups. However, a
significant increase in kidney weight in group
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11 was clear compared to group | at eight
weeks. At the same time, KW of rats in group
IV showed a significant decrease compared to
group Il and reached values very close to that
of control group.

There was a significant increase in KW/BW
ratio in group Il compared to the control
group all through the study. However, a
significant decrease in this ratio was found in
group IV in comparison to Il1, but it was still
significantly higher than control group (Table
1).

Blood glucose level:

Glimepiride had no significant effect on blood
glucose level in non-diabetic rats. However,
animals of group IV showed a reduction of
blood glucose level compared to group Il
which was statistically non significant (Table
2).

Histological results

Group I: which included control rats
demonstrated the  normal histological

architecture of renal tissue. Masson trichrome
staining showed minimal amounts of collagen
fibers confined to the Bowman’s capsule,
around the tubules and basal laminae of
glomerular capillaries. PAS positive material
was observed in the basement membrane of
renal tubules as well as the brush border of the
proximal convoluted tubules and basal
laminae of glomerular capillaries (plate 1).
Group 1l: included rats receiving glimepiride
which maintained really normal pattern all
over the experimental period. The amount and
distribution of collagen fibers and PAS
positive material were also indistinguishable
from normal (plate 2).

Group I11: included diabetic non-treated rats
and demonstrated a variety of histological
changes in the glomeruli and tubules of all
animals.

After four weeks, glomerular capillary loops
were frequently dilated and congested. The
renal cortex showed multiple congested
capillaries and interstitial mononuclear
infiltrating cells. Masson trichrome staining
revealed increased collagen deposition. It was
evident in the intraglomerular capillaries,
perivascular and peritubular regions mainly
distal convoluted. The glomerular mesangium
was mostly expanded as evident by increased
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intraglomerular PAS positive material. Some
tubules showed strong PAS reaction in their
basal laminae while others revealed weak
reaction in their brush borders (plate 3).

After eight weeks, the glomerular changes
were more prominent in the form of
glomerular hypertrophy and hypercellularity
with  obliteration of Bowman’s space.
Confined areas of renal cortex showed
variable grades of glomerular and tubular
degeneration with some apparently normal
ones in between. It varied from vacuolization
of epithelial cells lining both renal convoluted
tubules up to complete destruction of these
cells. The degenerated tubules were
surrounded by minimal mononuclear cellular
infiltration. Masson trichrome stain showed
increased intraglomerular connective tissue
with focal collagen deposition. Intense PAS
positive  intraglomerular  material ~ was
observed that caused collapse of capillary
lumen in some glomeruli. Some PCT
exhibited weak reaction in their brush border
with focal interstitial strong reaction (plate 4).
Group 1V: included the glimepiride treated
diabetic rats and showed that the majority of
the glomerular and tubular elements of the
renal tissue were almost normal throughout
the experiment. There was a detectable
abnormal connective tissue proliferation in the
renal cortex with patchy interstitial fibrosis
around collecting tubules on examining
Masson trichrome stained sections. PAS
reaction was as normal as that of control
group (plate 5).
Morphometric
analysis:
Quantitative morphometric studies showed
that the mean gomerular tuft area (GTA) and
mesangial matrix index (MMI) increased in
diabetic rats (group III) in all the time
intervals of the study. This increase was
statistically significant compared to all groups
of this experiment. The treated diabetic group
(V) exhibited an increase in GTA and MMI
after four weeks interval. This increase was
not as remarkable as that in group Il
However, after eight weeks both parameters
showed a significant decline that was very
close to the control value.

results and statistical
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The mean area per cent of C.T. collagen in
non treated diabetic rats revealed a statistically
significant increase in comparison to group |
and group Il. On the other hand, the values of
the treated diabetic group showed non-
significant difference from the control values
(Table 3).

A positive correlation could be established
between the effect of glimepiride in decrease
of MMI in treated diabetic group and its
protective effect against development of
nephropathy.

DISCUSSION

Little is known about the potential effects
induced by sulphonylureas independently of
their anti-hyperglycemic action. The present
study examined the effect of glimepiride
treatment on the progression of renal
histological changes in diabetic rats to
determine whether therapeutic intervention
with these agents would prevent the onset and
progression of renal complications or not.

In the present study, blood glucose was
significantly higher in streptozotocin-induced
diabetes than in controls. Streptozotocin-
induced diabetes is used as a model of type |
diabetes, which is associated with low plasma
insulin and hyperglycemia. STZ initiates the
breaking of pancreatic beta cells and hence
activates the repair process which consumes
nicotinamide adenine dinucleotide (NAD)
known to be indispensible for pro-insulin
synthesis. The net result is apoptosis of beta
cells with overt diabetes and nearly complete
absence of insulin (Mitra et al., 1996).
Although STZ treatment is widely accepted
model for type | diabetes, one of its drawbacks
is its potential nephrotoxicity. Song et al.
(2003) investigated this issue but didn’t
observe any clear STZ-dependent nephrotoxic
effects. In a similar study, Danda et al. (2005)
ruled out this possibility even after 14 weeks
following administration of a higher dose of
55mg/Kg. Both studies attributed
nephrotoxicity strictly to development of
diabetes mellitus.

It was evident from the results of the present
work that administration of glimepiride in
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STZ-treated rats decreased blood glucose
level; however this reduction was statistically
insignificant. This could be attributed to
relatively low dosage of STZ which was not
enough to destroy all pancreatic beta cells.
Moreover, glimepiride improves peripheral
glucose uptake and decreases endogenous
glucose production independent of its insulin
secretagogue action. Furthermore, decreased
glucose level could result from other
nonrelated  mechanisms  like increased
sensitivity of peripheral tissues to released
insulin, insulin-like extrapancreatic effects,
intensification of transmembrane transport of
glucose and an increase in glycolysis activity
as postulated by Zueva et al. (2003).

The results of the present work revealed that
diabetic rats had a significant reduction in
body weight compared to control group which
was in agreement with Mooradian (1996).
Glimepiride treatment of diabetic rats resulted
in improving glycemic control without
significantly increasing the weight compared
to control, but a significant increase in
comparison to nontreated diabetic rats was
estimated. This was in accordance with results
of Gottschalk et al. (2007) but contradicted
with Radermecker and scheen (2006) who
detected a further reduction in body weight in
glimepiride treated diabetic rats.

In this experiment, a significant increase in
kidney weight and kidney weight relative to
body weight was evident in diabetic rats. This
might reflect the reduction in total body
weight by simple dehydration of diabetic
animals in addition to renal cellular
hypertrophy, intraglomerular hyperplasia and
increased extracellular matrix  synthesis
(Kloke et al., 1998). Glimepiride treatment
produced a significant reduction in both
parameters although the values were still
higher than those of the control. These data
could be explained by the antioxidant effect of
glimepiride (Krauss et al., 2003).

Light microscopic examination of diabetic
kidneys showed glomerulopathy characterized
by thickening of the glomerular basement
membrane and mesangial matrix expansion.
These findings were in agreement with Paola
(2002) who added that these changes will lead
to progressive reduction in the filtration
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surface of the glomeruli. Laurie et al. (1989)
explained that mesangial expansion occurs not
only as a result of mesangial cell proliferation
as mentioned earlier, but also due to increased
deposition of extracellular matrix composed
mainly of type IV collagen, laminin and
fibronectin.

It is known that diabetic patients may develop
variable degrees of glomerular sclerosis and
tubulo-interstitial fibrosis (Brown et al.,
1982). However, structural glomerular
changes such as glomerular hypertrophy may
be difficult to assess unless careful
measurements are  made.  Glomerular
hypertrophy was quantified as the glomerular
tuft cross sectional area GTA by Nakagawa et
al. (2003). Glomerular sclerosis was defined
as increment in intraglomerular PAS positive
material associated with collapse of capillary
lumens and amorphous hyaline material
deposition with or without adhesions to the
Bowman’s capsule (Yamashita et al., 2002).
Regarding the sequence of events concerning
elements of diabetic nephropathy, it was
believed that glomerular hypertrophy occurs
first and is followed later by mesangial
expansion in diabetic rats (Osterby, 1986).
However, the results of the present work
showed that mesangial expansion occurred as
early as four weeks duration and hence it may
not be categorized as a late stage change.
Hyperglycemia of diabetes mellitus is thought
to cause both non-enzymatic and oxidative
glycosylation of tissue proteins including
glomerular wall. So the collagen of the
capillary wall form chemically irreversible
advanced glycosylation end products (AGE)
which accumulate in the vessel walls and are
thought to be the cause of microvascular
affection in diabetics (Locatelli et al., 2002).
Also  oxidative glycosylation  produces
oxidants that possess reactivity similar to free
radicals and damage proteins and is
responsible for alterations in the glomerular
basement membrane (Ambrosioni, 1987).

The present study revealed that glimepiride
treatment improved the histological changes in
diabetic rats. The degree of glomerular
hypertrophy and mesangial expansion for the
diabetic treated animals was less than that
seen in diabetic rats. These results were
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consistent with that of Biederman et al.
(2005). On the other hand, former data of
Cortes et al. (1998) who used tolazamide — an
old member of sulphonylurea group- revealed
that it markedly enhanced extracellular matrix
synthesis and accumulation in mesangial cells
probably by  stimulating  glutathione
expression and glucose transport.

There are many possible mechanisms for renal
protection observed with glimepiride. Firstly,
Krauss et al. (2003) demonstrated that
glimepiride administration caused a decrease
of peroxides and malondialdehyde levels and
an increase in the activity of superoxide

dismutase and glutathione  peroxidase
following  streptozotocin  administration.
Ultimately, they  suggested that its

renoprotective action could be attributed to its
protective effect against the development of
oxidative stress in diabetics as it acts as free
radical scavenger. A second mechanism was
introduced by Asano et al. (1999) via the
restoration of normal mesangial contractility.
Diminished  mesangial  contractility is
responsible for the glomerular hyperfunction
which is considered as a significant
contributor to the  development of
glomerulsclerosis. ~ However,  functional
activation of sulphonyle urea receptor 2
(SUR2) on mesangial cells by sulfonylurea
induces elevation of intracellular Ca?
resulting in limitation of the glomerular
filtering surface area and hence hyperfiltration
in already hypertrophied glomeruli. A third
suggested mechanism for the renoprotective
effect of glimepiride could be by acting as an
exogenous competitive inhibitor of a-
endosulfine, the endogenous ligand of a
unigue (SUR) that displaces it from its
receptors. Heron et al. (1998) proved that
both a-endosulfine and glimepiride compete
for the same receptors and found that a-
endosulfine inhibits glibenclamide-invoked
currents in patch clamping experiments on
insulinoma cells. More recently, Yee et al.
(2004) found that a-endosulfine could act as a
regulator of  mesangial cell  signal
transduction, glucose uptake and glomerular
filtration.

The increased fibrous tissue formation
demonstrated in kidneys of diabetic rats in the
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present study could be explained by enhanced
expression of collagen | mMRNA and increased
collagen | protein accumulation rate secondary
to increased glucose uptake by mesangial cells
(Giannico et al., 2007). While glimepiride
stimulates glucose transport, it exerts a
concomitant suppression of PAI-
1transcriptional activity and/or enhanced PAI-
1 mRNA degradation (Derosa et al., 2004).
So, it is believed that a high turnover and
increased matrix breakdown are involved.

While collagen | gene expression may be
stimulated by increased glucose availability,
there is a simultaneous regression of
plasminogen activator inhibitor-1 (PAI-1)
expression indicative of enhanced catabolic
rate, fully counterbalancing the increased
synthetic activity. The main candidate
mediator effect is an elevated c-AMP level.
Principally, the down regulation of steady-
state PAI-1 mRNA content by agents that

stimulate cAMP  formation is  well-
documented major regulatory mechanism
(Heaton et al, 2003). Furthermore,
sulphonylureas are known to activate adenyl
cyclase and inhibit the activity of
phosphodiesterases, thus leading to an

increase in cellular cAMP levels (Skillman
and Feldman, 1981). PAI-1 expression plays
an important role in the pathogenesis of
diabetic glomerulosclerosis (Eddy, 2002).
PAI-1 expression is up regulated by
hyperglycemia in mesangial cells in tissue
culture and has been demonstrated to be a
pathogenic contributor to the development of
nephropathy in experimental insulin-deficient
diabetes (Nicholas et al., 2005).

CONCLUSION

It can be concluded that glimepiride could
attenuate most of the histological changes
produced in case of experimentally induced
diabetic nephropathy. Interestingly, these
findings were detected in spite of persistent
hyperglycemia. This suggested that elevated
blood glucose level was not the mediators
through  which glimepiride exerted its
prophylactic effect in diabetic nephropathy.
Alternatively, it could be suggested that it
acted directly on SUR2B in the kidney.
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Ultimately, a potential new therapeutic field is
opened in management of diabetes mellitus
but it needs human trials to validate its
protective role for diabetic patients.

Based on the obtained results in this study, it

can be recommended that glimepiride can be
used in Type | and type Il diabetics to protect
or slow down the progression of diabetic

RECOMMENDATION

nephropathy.

Table (1): Effect of glimepiride on body weight (BW), kidney weight (KW), and relative
kidney weight to body weight (KW/BW) in all studied groups.

Parameters BW (gm) KW (mg) KW/BW (mg/gm)
Duration in 4w 8w 4w 8w 4w 8w
weeks

group | 308.3+2.3 335+2.7 1.1+0.04 | 1.1840.004 | 3.5+0.04 3.5+0.05
(Control)
group Il 311.3+3.7 337+3.7 | 1.1+0.008 | 1.18+0.016 | 3.5+0.05 3.5+0.04
(Glimepiride)
group 11 263.6+11.96* | 259.5+3.8* | 1.15+0.03 | 1.28+0.01* | 4.4+0.08* | 4.7+0.04*
(Diabetic)
group IV 281.5+7.14* | 291.6+8*# | 1.13+0.03 | 1.15+0.01*# | 3.7+0.04*# | 3.9+£0.07*#
(Glimepiride-
treated
diabetic)

Values are represented as mean + SD (n=5).
[Significance was considered P<0.05]
*=Significant change compared to control.
# =Significant change between glimepiride treated diabetics and diabetic untreated group.
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Table (2): Effect of glimepiride on blood glucose (mmol/L) in all studied groups.

Parameter Blood glucose level
(mmol/L)
Duration in 4w 8w
weeks
group | 6.9+0.16 6.920.06
(Control)
group 11 6.9+0.24 | 6.98+0.23
(Glimepiride)
group Il 15.6+4.2* | 18.5+3*
(Diabetic)
group 1V 12.7%+25 | 16.1*+3.8
(Glimepiride-
treated diabetic)

Values are represented as mean £+ SD (h=5).
[Significance was considered P<0.05]
*=Significant change compared to control.

Table (3): Morphomertic comparison of the mean glomerular tuft area (GTA), mesangial

matrix index (MMI) and mean area % Of C.T. in all studied groups.

arameter GTA (um?) MMI Mean Area % of C.T.

Groups 4w 8w 4w 8w 4w 8w

group | 3828+79 | 3799175 | 0.64+0.3 | 0.77£0.2 28.62+13.9 | 29.69+11.4

(Control)

group 11 3794+83 | 3812+63 | 0.66+0.2 | 0.75%0.1 29.03£12.3 | 29.83+9.4
(Glimepiride)

group Il 5238+15* | 6836+63* | 0.08+0.7* | 1.05+£0.08* | 36.0£11.2* | 41.851+13.7*
(Diabetic)

group 1V 4129+37 | 4790+85# | 0.72+0.1 | 0.87£0.2# | 28.32+9.4 | 28.50+£15.9#
(Glimepiride-

treated

diabetic)

Values are represented as mean + SD (n=5).
[Significance was considered P<0.05]

*=Significant change compared to control group.
#=Significant change between glimepiride treated diabetics and diabetic untreated group.
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Plate 1: photomicrographs of sections in the right kidney of a control rat (group I)
showing:
A. normal renal architecture: glomerulus (G), proximal (P) and distal (D) convoluted
tubules (H&E X400).
B. normal distribution of connective tissue in the glomerulus (G), Bowman’s capsule —
and surrounding the tubules » (M.T. X400).
C. strong PAS reaction in the glomeruli (G), brush border of the proximal convoluted
tubules (P), basal laminae » of tubules (PAS X200).
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Plate 2: photomicrographs of sections in the right kidney of a glimepiride treated rat (group II)
showing:
A. normal pattern of renal architecture (H&E X400).
B. normal distribution of connective tissue — (M.T. X400).
C. strong PAS reaction in the glomeruli (G), brush border of the proximal convoluted
tubules (P), basal laminae of tubules » (PAS X200).
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Plate 3: photomicrographs of sections in the in the right kidney of a diabetic rat (group I11)
after four weeks demonstrating:

A. dilated and congested glomerular capillary loops —». Interstitial mononuclear
infiltrating cells are seen (I) and some disturbed and vaculated cells of proximal and
distal convoluted tubules (H&E X400).

B. intraglomerular (G) and interstitial collagen deposition — (M.T. X400).

C. increased peritubular collagen deposition © (M.T. X400).

D. expanded glomerular mesangium as evident by increased intraglomerular PAS
positive material. Some tubules shows strong PAS reaction in their basal laminae ( *)
while others reveal weak reaction in their brush borders (P) (PAS X200).
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Plate 4: photomicrographs of sections in the in the right kidney of a diabetic rat (group I1)
after eight weeks showing:

A. glomerular obliteration of Bowman’s space —and vacuolization of tubular
epithelium are shown (V) (H&E X200).

B.destruction of some tubules O (H&E X100).

C. increased intraglomerular connective tissue (G) with focal collagen deposition in
the interstitium — (M.T. X400).

D. intense PAS positive intraglomerular material (G) and some PCT exhibiting weak
reaction in their brush border (P) with focal interstitial strong reaction (IT)(PAS
X200).
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Plate 5: photomicrographs of sections in the right kidney of a glimepiride-treated diabetic rat
(group 1V) after eight weeks showing:

. normal renal architecture (H&E X400).

A

B. normal distribution of connective tissue in the glomerulus (G), Bowman’s capsule —»
and surrounding the tubules » (M.T. X400).

C

D

. patchy interstitial fibrosis (IT)(M.T. X400).

. strong PAS reaction in the glomeruli (G), brush border of the proximal convoluted
tubules (P), basal laminae of tubules » (PAS X200).

495



Histological assessment of the possible protective role of.....

REFERENCES

1.

10.

11.

12.

13.

Ambrosioni E, Borghi C and Costa F V (1987):
Captopril and hydrochlorothiazide, rationale for
their combination. Br. J. Clin. Pharmacol., 23
:435-505.

Asano G , Nishigaki R , Guo F, Onda M ,
Yamada N, Yokoyama M , Naito Z, Shimizu
Suganuma M , Shichinohe K and Aramaki T
(1999): Ultrastructural changes and
immnunohistochemical localization of nitric oxide
synthase, advanced glycation end products and
NF-kappa B in aorta of streptozotocin treated
Mongolian gerbils. Nippon Ika Daigaku Zasshi.,
66 (3):166-175.

Biederman J | , Vera E , Rankhaniya R ,
Hassett C , Giannico G , Yee J and Cortes P
(2005): Effects of sulfonylureas, alphaendosulfine
counterparts, on glomerulosclerosis in type 1 and
type 2 models of diabetes. Kidney Int., 67(3): 12-
13.

Brown D M , Andres G A, Hostelter T H ,
Mauer S M, Prile R and Venkatachalam M A
(1982): Kidney complications. Diabetes, 31:71-81.
Cortes P , Riser B , Asano K , Rodriguez-
Barbero A, Narins R and Yee J (1998): Effects
of oral antihyperglycemic agents on extracellular
matrix synthesis by mesangial cells. Kidney
International, 54: 1985-1998.

Dalla Vestra M , Saller A, Mauer M and
Fioretto P (2001): Role of mesangial expansion in
the pathogenesis of diabetic nephropathy. Journal
of nephrology, 14 (4):551-557.

Danda R , Habiba N, Rincon-Choles I |,
Bhandari B , Bane S, Abboud H and Pergola P
(2005): Kidney involvement in non-genetic rat
model of type 2 diaetes. Kidney International, 68:
2562-2571.

Derosa G, Franzetti | , Gadaleta G , Ciccarelli
L and Fogari R (2004): Metabolic variations with
oral antidiabetic drugs in patients with type
2diabetes: comparison between glimepiride and
metformin. Diabetes Nutr. Metab., 17(3): 143-150.
Drury R A B & Wallington E A (1967):
Carleton’s Histological Technique, 4" ed.,
London, Oxford University press, New York,
Toronto: Ridler, V. pp 114-117 & 167-169.

Eddy A A (2002): Plasminogen Activator
Inhibitor-1 and The Kidney. Am. J. Physiol. Renal
Physiol., 283: 209-220.

Giannico G , Cortes P , Baccora M H and
Hassett C (2007): Glibenclamide prevents
increased extracellular matrix formation induced
by high glucose concentration in mesangial cells.
Am. J. Physiol. Renal Physiol., 292:57-65.
Gottschalk M , Danne T, Vlajnic A and Cara J
F (2007): Glimepiride wversus metformin as
monotherapy in pediatric patients with type 2
diabetes. Diabetes Care, 30:790-794.

Heaton J H , Dlakic W M and Gelehrter T D
(2003): Post-transcriptional regulation of PAI-1

496

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

gene expression. Thromb. Haemost, 89: 959—
966.

Heron L , Virsoly A and Peyrollier K (1998):
Human alpha endosulfine, a possible regulator of
sulfonylurea-sensitive KATP channel: Molecular
cloning expression and biological properties, Proc.
Natl. Acad. Sci., 95: 8387-8391.

Kloke H I , Branten A J , Huysmans F T and
Wetzels S F (1998): Antihypertensive treatment
of patients with proteinuric renal diseases: risks or
benefits of calcium channel blockers. Kidney Int.,
53:1559-1573.

Krauss H , Kozlik S, Grzymislawski M
Sosnowski P , Mikrut K , Piatek S and
Paluszaki J (2003): The influence of glimepiride
on oxidative state of rat with streptozotocin-
induced hyperglycemia. Med. Sci. Monit., 9(11):
389:393.

Krishna M , Annapurna A , Murali K , Rao R

and Nammi S (2004):  Hypoglycemic and
antihyperglycemic  effects of a polyherbal
formulation (RVF1) in normal and alloxan-

induced diabetic rats. Proceedings of AP Academy
of Sciences, 8: 211-214.

Laurie G W , Horikoshi S , Killen P D , Segui-
Real B and Yamada Y (1989): In situ
hybridization reveals temporal and spatial changes
in cellular expression of mRNA for a laminin
receptor, laminin, and basement membrane (type
IV) collagen in the development of kidney. J. Cell
Biol., 109:1351—1362.

Locatelli F , Del Vecchio L , Andrulli S and
Colzani S (2002): Role of combination therapy
with ACE inhibitors and calcium channel blockers
in renal protection. Kidney Int., 62(82):553-560.
Luno S , Garacia de Vinuesa S , Gomz-
Campdera F , Lorenzo | and Valderrabano F
(1998): Effects of antihypertensive therapy on
progression of diabetic nephropathy. Kidney Int.,
68:5112-5119.

McCarthy K d, RouthR E , Shaw W, Walsh K
, Welbourne T C and Johnson J H (2000):
Troglitazone halts diabetic glomerulosclerosis by
blockade of mesangial expansion. Kidney Int.,
58:2341-2350.

Mir S , Darzi M , Ahmad F , Chishti M and
Mir M (2008): The influence of glimepiride on
the biochemical and histomorphological features
of  streptozotocin-induced  diabetic  rabbits.
Pakistan Journal of Nutrition, 7 (3): 404-407.
Mitra S K ,Gopumadhavan S , Muralidhar T
and Seshadri S (1996): Effect of D-400 a
herbomineral formulation on liver glycogen
content and microscopic structure of pancreas and
liver in streptozotocin-induced diabetes in rats.
Indian J. Exp. Biol., 34: 964-967.

Mooradian A D (1996): Drug therapy of non-
insulin-dependent diabetes mellitus in the elderly.
Drugs, 51 (6):931-941.



25.

26.

27.

28.

29.

30.

31.

Magda M. Hagras etal.,....

Mould R.F. (1989): Introductory Medical
Statistics. 2" ed., Adam Hilger, Bristol and
Philadelphia, pp. 17, 22 & 126.

Nakagawa | , Mazzali M , Kang D and Johnson
K (2003): Hyperuricemia causes glomerular
hypertrophy in the rat. Am. J. Nephrol., 23: 2-7.
Nicholas S B , Aguiniga E , Ren Y , Kim J
,Joyce W, Govindarajan N, Noda M; Wang W,
Kawano Y, Collins A and Hsueh W (2005):
Plasminogen activator inhibitor-1  deficiency
retards diabetic nephropathy. Kidney Int.,
67:1297-1307.

Osterby R (1986): Structural changes in the
diabetic kidney. Clin. Endocrinol. Metab., 15:
733-751.

Pagets G and Barnes J (1964): Evaluation of
Drug Activities. In: Pharmacometrics. Vol. .
Toxicity Test. Chap. 6. Laurences D R and
Bacharach A L, Academic press, London, New
York, pp, I135.

Paola F (2002): Morphological features in renal
involvement in diabetes mellitus. Department of
Medical and Surgical Sciences, University of
Padua, Italy. Adopted from Yousef W M;
Morsey M D; Waheed M A; Ghanayeem N M
and Omar A H (2004): Effect of some calcium
channel blockers in experimentally induced
diabetic nephropathy in rats. Iranian Journal of
Pharmacology & Therapeutics, 3 (2): 45-56.

Park I S and Bendayan M (1994): Endocrine
cells in the rat pancreatic and bile duct system;

497

32.

33.

34.

35.

36.

37.

38.

alteration in diabetes. Panc., 9(5):566- 573.
Pfeifer M A, Hatter J B, Graf R and Porte
J r (1980): Potentiation of insulin secretion to
non-glucose stimuli in normal man by a
tolbutamide. Diabetes, 29: 335-340.

Radermecker R P and Scheen A J (2006):
Effects of glimepiride (Amarylle) in type 2
diabetic patients: results of Belgian study record in
general medicine. Rev. Med. Liege., 61(5):423-
429.

Skillman T G and Feldman J M (1981): The
pharmacology of sulfonylureas. Am. J. Med., 70:
361-372.

Song S ,Knepper M A, Verbalis J G and
Ecelbarger C A (2003): Increased renal ENaC
subunit and sodium transporter abundances in
streptozotocin-induced type 1 diabetes. Am. J.
Physiol., Renal Physiol.285: 1125-1137.
Yamashita H ,Nagai Y , Takamura T , Nohara
E and Kobugashi K (2002): Thiazolinedione
derivatives ameliorate albuminuria in
streptozotocin-induced diabetic ~ spontaneous
hypertensive rat. Metabolism, 51:403-408.

Yee J , Cortes P , Barnes J L, Alviani R,
Biederman J | and Szamosfalvi B (2004): Rat
mesangial a-endosulfine. Kidney Int., 65: 1731-
1739.

Zueva N A , Sologub N V and Efimov A S.
(2003):  Sulfonylurea  receptors and their
interaction with glimepiride. Lik. Sprava.,(2): 35-
39.



Histological assessment of the possible protective role of.....

JeY) a8 4 pualad) el Jaiaall B gl [ sall o ol g
sl (I3 ad) ) e83 A Ly sl daadecal) g Sl g 5l

* Cyal @ G 9 FJlaa dada A (A lada dala
*3 5alal) daala 3 guad) 3L Aaala cndall A o* s ol gl = Lo lall 3
A SO - : T I I e

s e Ll iy L) sl il pllie Ao sane 4l O S0 3 sl e LIS A8 pee o ]
Sl Jainall il Gandd AMAY Al Creaa G adll b Sl A gliLY Claliae
Gl (5 Sl elianll cjladll Glaja )80 4 S s dl gl @l il skt e juelal)
Sl aim el A IS0 i L) 65 51 gl qia 8 5 50 Jead) 13gd (S 131 Le dyanil Loy yas
el G g &3 5 AL clandl Glall 583 e Gpmsls Al aladiul &5 (m al) 13
asti eﬁa.cjm s(”) 0 yia .Ag‘).\,g.q:\u\ Jlae ujUas\ (;.\Z\.cjm c(l) z\.k.ab.a‘\.::}o;.q :Ole gana
Ealantind o3 dagl ) de sana |l 5 (1) @Ohe (on S 5 Cmgig ) s yiad) aladiuls Le Sl (e
L pall el Gluldll Gamy el al &5 elld 2y 5 (IV) 2omeldall Jany Gale 5 Lo Sl (a5
5 cOpsl) s OaleeS laedly Leithia ok o GISU o Gand IS 5 ) IS glaf il
Gy (B 5 A il 4y e gl Al 5 )l 5 e e il Gl g ) Gaes 5 () ST (0 () sule
B3l e dalae 5 (GTA) Aol Gl dalise el Lgie liall oda o 4ISAN Glulal) (an ¢l s
Ailan ) Ll 48 jaal il Jidas o5 o3 cpa ¥ 5SH Gl daliaal 4 siall dpill 5 (MMI) 4S)
lexivd die KU 3 L S pas ol Slaal 3 sy ol apnailall Jlie o it < yelal 38
i il S S 5 e Ailan) AV 53 Lula |1 Ly pad JSWll (e Gilaa Y IS Ly 1o e
5 AslSl Sl S 5 (8 Banae st da ) a8 LS ¢ auadl )0 Al (JSIE (g5 B0k ) 4ie
Gl Jan gl LS leaily Lgmny Abea) 5 Sl dabie 8 300 3 sa 8 e Al Y]
£ sl g san ST cuilS 5 g Aainal) Gua Y S Gl £ 5ol 5 Adliaal) CanlsY) ) i (e 520wk
aaa nd 8 1S 1T a jnalall JlEay el o3 23 (IS 5wl N g sl e el
Aol o3 (s paY) de geaddl 3 At juladll

Aol Sl e 2ad) (I (g v omalal) e aladiud of gl &5 Gus e OS o g o
s e 5aall (B Sl (s shae g8 ) (e a2 I e L pad Sl Slaa) dlla A Lgila e o
aY) dap Qi 5 dleall B 5 S Gue il e Sl pmge e B lEal) 13 alaaiuly
Sl iyl Cialaall 55180 e YL

498



