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Atorvastatin Ameliorates Urografin Induced Nephropathy in the Presence
of Dehydration as a Risk Factor: A Histological and Morphometric Study
on a Rat Model
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ABSTRACT

Introduction: In this study, the protective role of atorvastatin on urografin induced renal injury with the
presence of dehydration as a risk factor was assessed.

Material and Methods: Forty two male adult albino rats were randomly divided into seven groups
(6 rats / group). Group I (control), group II (atorvastatin), group III (dehydration), group IV (urografin),
group V (dehydration with urografin), group VI (atorvastatin pretreatment), and group VII (recovery).
At the end of the experiment for each group, blood samples were collected for estimation of serum
level of interleukin-6 and creatinine. After sacrifice, kidneys were extracted and processed for light and
transmission electron microscopy.

Results: Examination of kidney sections from both group III and group IV showed an apparent increase
in the radius of proximal and distal convoluted tubules. Also hyaline casts, vacuolated tubular cells, and
vascular congestion were seen. Moreover, there was increase in serum levels of both interleukin-6 and
creatinine. All these findings were found in group V. In addition, there was an apparent increase in the
number of pyknotic nuclei of tubular cells per field. There was an increase in thickness of the glomerular
basement membrane and irregular foot processes of podocytes. All these findings were ameliorated by
administration of atorvastatin in group VI. In group VII, some features of renal damage were noticed
indicating the failure of complete recovery. The morphometric results and statistical analysis confirmed
the histological findings.

Conclusion: It was concluded that atorvastatin protected the kidney from urografin induced injury in the
presence of dehydration as a risk factor.
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INTRODUCTION

Contrast medium induced nephropathy (CIN)
is a leading cause of hospital acquired acute
renal failure. There is no internationally accepted
method for protection from CIN, except for
extracellular fluid expansion!"2!,

CIN was known as an acute deterioration
of the kidney functions after contrast media
administration in the absence of other
etiologies™ 3.
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The pathophysiology of CIN is not well
known. Some studies have suggested a toxic effect
of the contrast medium on the renal tubules! *.
In addition to its direct injury to the renal tubular
epithelium, contrast medium can be taken up into
the cells and impair the function of mitochondria
leading to increased generation of reactive oxygen
species with resultant cell death ¢,

Contrast medium-induced nephropathy in
animal models is thought to be caused by the
effects of contrast media on the action of different
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substances, including adenosine, dopamine-1,
nitric oxide, angiotensin-1I, and endothelin(”.
Other mechanisms suggested that CIN is the
result of decreased production of nitric oxide due
to direct endothelial damage!®.

On the basis of the pharmacologic and
chemical properties, radiographic contrast agents
can be classified into nonionic or ionic. These can
have either a high osmolality or low osmolality.
Urografin dye (Diatrizoate) is considered a high-
osmolality contrast agent and is widely used in
Egypt due to its low cost compared with ultravist
(iopromide) which is expensive and not popular
in Egypt. The osmolality of the contrast media
plays an important role concerning the kidney
damage. The use of low osmolality contrast media
substantially decreases the risk of nephropathy in
high-risk patients when compared with the use of
high osmolality contrast medial®.

Statins are widely used drugs as they have
cholesterol-lowering effect and cholesterol-
independent effects, such as improving endothelial
function as well as decreasing inflammation
and oxidative stress”. Statins were reported to
protect the kidney against IgA nephropathy and
experimental nephritis in clinical practice through
restoring the balance between apoptosis and
proliferation in different types of renal cells!'.

In the daily practice, use of diagnostic tools in
medicine increased as angiography and computed
tomography with the contrast dye. But when
needed in patients having a risk factor as diabetic
kidney disease, the risk of mortality and morbidity
was found to be higher.

Some researches focused on the protective
role of many substances like beta-blockers against
contrast induced kidney damage. However,
reviewing the literature there have been few
studies evaluating the possible protective effect
of high dose atorvastatin on high osmolality
contrast media (urografin) induced nephropathy.
So, the aim of this study was to assess the
possible protective role of high dose atorvastatin
on urografin induced nephropathy in male adult
albino rats in the presence of dehydration as a
risk factor. Our specific objectives included the
detection of histopathological findings related
to nephropathy, biochemical study for kidney
function, measurement of serum inflammatory

251

markers, and histomorphometric measurements
of renal structures before and after treatment.

MATERIAL AND METHODS

Animals

Forty two healthy male adult albino rats
(weighing 200-250 gm) were used. The rats were
locally bred at the animal house of Research
Center, Ain Shams University College of
Medicine, Egypt. They were housed in a suitable
environment, in conventional wire-mesh cages, 3
rats /cage. They had free access to food (rat chaw)
and water (ad libitum). All animals were exposed
to 12 hours light-dark cycle, good ventilation,
suitable temperature 22°-25° ¢ and humidity
45-50%.

Experimental design:

The animals were randomly divided into
seven groups (6 rats / group):

Group I (control group): Rats were left with
no intervention. Three rats were sacrificed with
group VI and the other 3 were sacrificed with
group VIL

Group II (atorvastatin group): Rats were
given high doses of atorvastatin 30 mg/kg b.w/
day dissolved in water through oral gavage for 5
days!"! without dehydration and were sacrificed
on the 6th day.

Group III (dehydration group): Rats were
given unlimited access to standard rat chow
but were deprived of water for three successive
days!'? and were sacrificed on the 4" day.

Group IV (urografin group): A single dose
6 ml/kg b.w. of ionic high-osmolar contrast
medium, meglumine/sodium diatrizoate
(Urografin 76%, Berlimed S.A., Spain) was
administered intravenously into the tail vein in
healthy rats without dehydration!'. Then, rats
were sacrificed on the 2nd day.

Group V (dehydration with wurografin
group): Rats were given unlimited access to
standard rat chow but were deprived of water
for three successive days. Then at the 4th day
ionic high-osmolar contrast medium, meglumine/
sodium diatrizoate (Urografin 76%, Berlimed
S.A., Spain) was administered as in group IV.
Then, rats were sacrificed on the 5% day.
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Group VI (high dose atorvastatin
pretreatment): Rats were given atorvastatin as
in group II (for 5 days). At the 3" day rats were
deprived of water for three successive days. Rats
were given unlimited access to standard rat chow.
Atthe 6th day ionic high-osmolar contrast medium,
meglumine/sodium diatrizoate (Urografin 76%,
Berlimed S.A., Spain) was administered as in
group IV. Then, rats were sacrificed on the 7" day.

Group VII (recovery group): Rats were given
unlimited access to standard rat chow but were
deprived of water for three successive days. Then
at the 4" day ionic high-osmolar contrast medium,
meglumine/sodium diatrizoate (Urografin 76%,
Berlimed S.A., Spain) at a dose of 6 ml/kg b.w.
was administered once intravenously into the tail
vein!'s. Then rats were left for 2 weeks with free
water and chow intake without any interventions
before sacrifice and dissection.

Drugs:

Atorvastatin: was purchased from Epico
Company (Cairo, Egypt). The drug was provided
in 10 mg tablets which were dissolved in water.

Ionic high osmolar Urografin dye
(meglumine/sodium diatrizoate) (Urografin
76%, Berlimed S.A., Spain): was purchased
from Bayer company (Cairo, Egypt).

Specimens and blood samples collection:

At the end of the experiment for each group,
blood samples were collected from the rats of
all groups by retro-orbital method into sterile
test tubes and allowed to clot for estimation of
serum level of interleukin-6 (IL-6) and creatinine
(Cr). At the end of the experiment, the rats
were sacrificed by cervical decapitation after
inhalation anesthesia. The abdominal viscera
were explored and the kidneys were extracted
and cut longitudinally into two equal halves.
One half was placed in 10% neutral formalin for
paraffin blocks processing!™], while the other half
was immediately placed in 2.5 % glutaraldehyde
and 4% formaldehyde for transmission electron
microscopic processing!'¥.

Disposal of animal remains was done
according to the regulation of the animal house of
Medical Research Center, Ain Shams University
College of Medicine, Egypt.
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Histological study:

Kidney specimens were prepared for paraffin
blocks for histological studies. Hematoxylin
and eosin (H&E) staining was applied"*. Semi-
thin sections were prepared and stained with
1% toluidine bluel'®. All H&E and toluidine
blue stained sections were examined by light
microscope. Also, ultrathin sections were obtained
and examined with PEM-100 transmission
electron microscopy at EM unit in Ain shams
University College of Science, Egypt. Electron
micrographs were photographed from selected
areas!t'l.

Image analysis and statistics:

Six randomly chosen fields from six different
H & E stained sections of six different rats
were examined in each group using digital
photomicrographs (X 400) for measuring the
radius of the convoluted tubules, number of
pyknotic nuclei in tubular cells per field, the area
percentage of microscopic field for extravasated
red blood cells. The thickness of the glomerular
filtration membrane was measured in electron
micrographs (X 4000). The TS view analysis
software in the Anatomy Department; Ain Shams
University College of Medicine was employed.
The mean values and standard deviation (SD) were
calculated using SPSS statistical program version
17 (IBM Corporation, New York, USA). Analysis
of variance (one way ANOVA) followed by post
hoc test was performed to compare between the
studied groups. With regard to probability, a
P value less than 0.05 was considered significant
and those < 0.00/ were considered highly
significant. Image analysis was performed by an
examiner who does not know the coding of the
study groups to avoid bias.

RESULTS

1. Histological results:

Group I and II (control and atorvastatin
groups):

Examination of different stained sections of
the atorvastatin group revealed similar findings
as compared to the control group. Examination of
the renal sections of rats from the control group
showed that the parenchyma was formed of
outer cortex and inner medulla. The medulla was
divided into an outer and an inner part (Fig. 1)
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The cortex demonstrated renal corpuscles,
proximal convoluted tubules, loop of Henle and
distal convoluted tubules. They were all separated
by narrow interstitial spaces containing numerous
blood vessels. The renal corpuscles were formed
of tufted glomeruli enclosed by double layer
of Bowman's capsule with Bowman's space in
between. The glomeruli consisted of numerous
capillary loops with endothelial cells and regular
smooth basement membrane. The visceral layer
of Bowman's capsule with podocytes was seen
surrounding the capillary loops. The parietal
layer was lined by simple squamous epithelium
(Fig. 2).

Ultrathin sections of renal specimens of
control group showed the capillary loops of the
glomerulus with the lining endothelial cells,
smooth regular basement membrane of uni-layer
thickness, and foot processes of the podocytes
adherent to the outer surface of the basement
membrane. Foot processes were smooth regular
and well aligned and were separated by tiny
spaces that represent the filtration slits. The three
components represent the filtration membrane.
Mesangial cells were present between the
capillaries, embedded in mesangial matrix and
supported the entire glomerular tuft (Figs. 3-5).

The proximal convoluted tubules (PCT) stained
sections demonstrated their lining with simple
cuboidal epithelium with acidophilic cytoplasm,
basally situated nuclei and prominent nucleoli.
Their lumen appeared filled due to the brush
border. The cytoplasm of the cells showed basal
striations and numerous dark stained cytoplasmic
granules. The tubules were separated by narrow
interstitial spaces that contained numerous blood
vessels and fibroblasts (Figs. 6,7).

EM examination of PCT revealed that the
cytoplasm of the lining cells was containing dark
dense bodies which resemble lysosomes, many
apical vacuoles, and numerous mitochondria. The
apical surface of the cells showed numerous thin
microvilli projecting into the lumen and formed
the brush border. The cells rested on a regular
basement membrane (Fig. 8).

The distal convoluted tubules (DCT) were
lined by simple cuboidal epithelium with apically
situated nuclei and lightly stained cytoplasm.
They have wider empty lumen compared with the
PCT (Fig. 6).
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EM examination of the distal convoluted
tubules demonstrated the ultra-structure of their
lining epithelial cells. The cytoplasm showed
lysosomes, vacuoles and mitochondria in a few
number compared with the PCT. The luminal
border of the cell showed short sporadic microvilli
projecting into the lumen in contrast to the PCT.
Adjacent cells showed tight junctions (Fig. 9).

Group 111 (dehydration group)

Examination of different stained renal sections
showed obvious alteration of the structure with
particular tubular damage. Numerous cytoplasmic
vacuolations of tubular cells, necrosis and
shedding of the lining epithelium at some tubules
were observed. Other tubules were dilated with
apparent flattening of the lining cells. Widening
of the interstitial spaces, hypocellular glomeruli
with widening of the Bowman's space were also
noted (Fig. 10).

The lumen of some PCT was occupied with
homogenous acidophilic material (hyaline casts).
The interstitial spaces were apparently widened
compared with the control. Wide congested
venous capillaries were also observed around
the tubules with extravasation of red blood cells
(Figs. 10 & 11).

Group 1V (urografin group):

Examination of different stained sections
showed manifest tubular damage. Glomeruli
showed distortion of Bowman's capsule outline.
Convoluted tubules demonstrated numerous
cytoplasmic vacuolations or necrosis of the lining
cells with pyknotic nuclei. Some tubules revealed
deposition of homogenous material filling the
lumen (casts). The interstitial spaces showed
extravasation of red blood cells and severe
infiltration with mononuclear cells (Figs. 12-14).

Group V (dehydration with urografin
group):

Examination of stained renal cortical sections
showed an apparent severe glomerular and a
tubular structural alteration. Some glomeruli
revealed distorted outlines with an irregular
parietal layer of Bowman's capsule or loss of
its continuity. The capillary loops appeared
congested with extravasation of red blood cells
or exudate into Bowman's space. Congested
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blood vessels and inflammatory cell infiltrate
in widened interstitial spaces were also seen
(Figs. 15 & 16).

EM examination of renal corpuscles of
this group showed apparent thickening of the
glomerular basement membrane at many areas.
The foot processes of the podocytes (visceral
layer of Bowman's capsule) appeared irregular,
distorted, and not well aligned at many areas
(Figs. 17 & 18).

The convoluted tubules revealed obvious loss
of their outlines. Some tubules showed pyknotic
nuclei and necrosis of their lining epithelium.
Homogenous material deposition (cast) was seen
filling the lumen of some tubules. Red blood cells,
exudate, mononuclear cell infiltrate were seen
occupying the wide interstitial spaces between the
tubules (Fig. 19).

EM examination showed distorted outline of
PCT. There was apparent loss of the brush border
microvilli. The mitochondria appeared fused with
loss of striated appearance. The nuclear membrane
showed many irregularities (Fig. 20). The DCT
showed casts filling the lumen and shrinkage of
nuclei of some cells (Fig. 21).

Group VI (atorvastatin pretreatment group):

Examination of the different stained renal
sections revealed an apparently normal structure
comparable to that of the control group. The renal
cortex showed glomeruli with irregular wall in
some capillary loops (Figs. 22 & 23).

EM examination demonstrated the normal
architecture of renal corpuscles. The majority of
capillary loops showed regular, smooth basement
membrane of uniform thickness. Foot processes
of podocytes appeared regular and well aligned
(Figs. 24 & 25).

PCT and DCT showed an apparently normal
structure except for few cytoplasmic vacuolations.
Only few PCT demonstrated a partial loss of the
brush border (Figs. 26 - 29).

Group VII (recovery group):
Examination of the different stained renal

sections of the rats from this group revealed the
presence of focal structural alterations affecting
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different components of the parenchyma. The
cortex demonstrated some shrunken and damaged
glomeruli (Fig. 30). EM examination showed an
apparent increase in thickness of the glomerular
capillary basement membrane at some areas. Foot
processes of the podocytes appeared distorted or
fused at other areas (Fig. 31).

The tubules in the outer cortical areas showed
severe cytoplasmic vacuolations. The interstitial
spaces demonstrated multiple, wide, and markedly
congested blood vessels (Fig. 32). Some areas of
the interstitium showed deposition of acidophilic
homogenous hyaline material (Fig. 33), others
revealed heavy inflammatory cell infiltrate
(Fig. 34).

Light microscopic examination of the PCT
showed a vacuolated cytoplasm of the lining
cells or their detachment from the basement
membrane, partial loss of brush border, and an
apparent increase in the thickness of basement
membrane. Some tubules showed homogenous
material deposition filling the lumen (Fig. 35).
EM examination of some areas showed nuclear
membrane irregularity, partial loss of the brush
border, few number of mitochondria that appeared
distorted with loss of striated appearance;
numerous large vacuolations occupied the basal
and apical part of the cytoplasm, and apparently
thick basement membrane of the lining cells
(Fig. 36).

Light microscopic examination of the DCT
revealed flattening of the lining epithelial cells,
cytoplasmic vacuolations, and necrotic sloughed
detached cells at some tubules (Fig. 37). EM
examination showed detached brush border
microvilli, shrunken nuclei, and loss ofhistological
architecture of cytoplasmic organelles (Fig. 38).

2. Morphometric results and statistics:

A morphometric study was conducted and
statistically analyzed. No significant differences
were noted in the atorvastatin group (group II) in
comparison with the control group (group I).

Radius of the PCT: (Table 1) and
(Histogram 1)

Analysis of the radius of the PCT in different
groups showed that there was a significant increase
in dehydration group (group III) in comparison
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with the control group (group I). Furthermore,
there was a high significant increase in the radius
of the PCT in dehydration with urografin group
(group V) and recovery group (group VII) as
compared with the control group (group I).

In the atorvastatin pretreatment group (group
VI), the radius of the PCT recorded a highly
significant decrease as compared with the
dehydration with urografin group (group V). In
the recovery group (group VII), there was non-
significant decrease in comparison to dehydration
with urografin group (group V).

Fig. 1: A photomicrograph of a section of a control rat’s
kidney group (group I) showing cortex (C) containing
glomeruli (G), convoluted tubules (arrows) and outer
medulla (OM). (H & E, x100)

Fig. 2: A photomicrograph of a semithin section of
a control rat’s kidney (group I) showing glomerulus
(G) with many capillaries, podocyte of visceral layer
of the Bowman's capsule (red arrow), regular smooth
basement membrane of the capillaries is also visible
(thin arrow). The glomerulus is surrounded by distinct
Bowman’s space (thick black arrow). The parietal layer
of Bowman’s capsule is lined by simple squamous
epithelium (arrow head). Notice the PCT (P) with their
characteristic darkly stained lining cells with many
granules and DCT with their lightly stained lining cells
D). (Toluidine blue, x400)
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Fig. 3: An electron micrograph of an ultrathin section
of a control rat’s kidney (group I) showing part of a
renal corpuscle. Notice Bowman's capsule parietal
layer (arrow), blood capillaries with red blood cells
(C), podocyte cell (P), endothelial cell (E). Mesangial
cell (M) is located between and outside blood
capillaries and appears irregular in outline with its
processes extending towards the glomerular filtration
membrane. Well defined regular basement membrane
of the glomerular capillaries can be seen (arrow head).

(Uranyl acetate and lead citrate, x1200)
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Fig. 4: An electron micrograph of an ultrathin section
of a control rat’s kidney (group I) showing part of a
renal corpuscle. The parietal layer of Bowman's
capsule (arrow) is lined by simple squamous epithelium
(double arrow). A glomerular capillary is seen (C)
containing red blood cells and is lined with endothelial
cell (E). Well defined regular basement membrane
lies exterior to glomerular endothelium (black arrow
head). Podocytes foot processes can be seen exterior
to capillary basement membrane (red arrow head)
and are separated from each other by filtration slits.
(Uranyl acetate and lead citrate, x2500)
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Fig. 5: An electron micrograph of an ultrathin
section of a control rat’s kidney (group I) showing a
glomerulus loop (C) with well-defined regular smooth
basement membrane (arrow head). Foot processes
(red arrow head) of the podocyte are seen touching
the basement membrane externally and leaving
filtration slits in between (red thin arrow). Pores
of the endothelial lining (black arrows) are visible.

(Uranyl acetate and lead citrate, x2500)

Fig. 6: A photomicrograph of a section of a control
rat’s kidney (group I). The proximal convoluted
tubules (P) are lined by simple cuboidal epithelium
with basally situated nuclei and acidophilic cytoplasm.
Their lumen appeared filled due to the brush border
(arrow). The distal convoluted tubule (D) is lined by
simple cuboidal epithelium with apically situated
nuclei and lightly stained cytoplasm. They have wider
empty lumen. Peritubular capillaries can be observed
(star). Fibroblast interstitial cells of the cortex are noted
(arrow head). (H&E, x1000)
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Fig. 7: A photomicrograph of a semithin section of a
control rat’s kidney (group I). The proximal convoluted
tubules (P) are lined by simple cuboidal epithelium with
a narrow lumen, basally situated nuclei (N), prominent
nucleolus (arrow), brush border (bb), basal striations
(s) and cytoplasmic granules (g). Notice abundant
peritubular capillaries lined by simple squamous

epithelium (stars). (Toluidine blue, x1000)
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Fig. 8: An electron micrograph of an ultrathin section
of a control rat’s kidney (group I) showing two
cuboidal cells lining the proximal convoluted tubule
(PCT). The cells have basally situated rounded nuclei
(N), prominent nucleoli (n), smooth nuclear membrane
(arrow head), cytoplasm with dark dense bodies which
resemble lysosomes (arrows), numerous mitochondria
(M), many apical vacuoles (V), apical brush border (bb)
made up of long numerous microvilli, and basement
membrane (B). (Uranyl acetate and lead citrate, x2000)
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Fig. 9: An electron micrograph of an ultrathin section
of a control rat’s kidney (group I) showing lining
epithelial cells of a distal convoluted tubule. The
cytoplasm demonstrates lysosomes (black arrow
heads), and vacuoles (V). The luminal border of the
cell shows short sporadic microvilli projecting into the
lumen (black arrow). Tight junction can be observed
between adjacent lining cells (white arrow heads).

(Uranyl acetate and lead citrate, x2500)

Fig. 10: A photomicrograph of a section of a rat’s
kidney from the dehydration group (group III) showing
numerous cytoplasmic vacuolations of lining tubular
cells (double arrows), necrosis and shedding of the
lining epithelium at some tubules (black arrow head).
Other tubules are dilated with apparent flattening of
the lining cells (stars). Note the hypocellular glomeruli
(G) with widening of the Bowman's space (S). (Red
arrow head) = parietal layer of Bowman's capsule.

(H&E, x400)
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Fig. 11: A photomicrograph of a semithin section of a
rat’s kidney from the dehydration group cortex (group
IIT) showing proximal convoluted tubules (P) with their
lumen filled with homogenous material (stars). The
interstitial spaces are apparently widened (arrows).
Also wide congested venous capillaries are observed

(Toluidine blue, x1000)
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around the tubules (V).
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Fig. 12: A photomicrograph of a section of a rat’s renal
cortex from the urografin group (group IV) showing
extensive vacuolation of the tubular lining epithelium
(arrow head). Other tubules demonstrate pyknotic
nuclei and necrosis of the lining epithelium (double
arrows). Interstitial hemorrhage (arrow) and severe
mononuclear cell infiltration (star) are also seen. (G) =
glomerulus. (H&E, x400)

.

Fig. 13: A photomicrograph of a semithin section of a
rat’s renal cortex from the urografin group (group 1V)
showing deposition of homogenous material (stars) in
the widened tubular lumen and pyknotic nucleus of the
lining epithelium (arrow head). Notice widening of the
interstitial space between the tubules (black arrows)
with mononuclear cell infiltrate.(Toluidine blue, x1000)
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Fig. 14: A photomicrograph of a semithin section of
a rat’s renal cortex from the urografin group (group
IV) showing severely damaged proximal convoluted
tubules (P) and distal convoluted tubules (D) as
most of nuclei of the lining epithelium demonstrate
pyknotic changes (arrow heads). The lumen of distal T &
convoluted tubules (D) is totally occluded (black 2389 ’ IR
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Fig. 17: An electron micrograph of an ultrathin section
of a rat’s kidney cortex from the dehydration with
urografin group (group V) showing part of a renal
corpuscle thatreveals parietal layer of Bowman's capsule
(red arrow), Bowman's space (B), part of a capillary
lumen with red blood cells (R) ,and lining endothelial
cell (E). Notice thickening of the glomerular basement
membrane at some sites (red arrow head). Note the foot
processes (white arrow heads) of podocytes adherent
to the outer surface of glomerular capillary membrane
leaving filtration slits in between (white arrow), and
looks markedly distorted at some sites (double white
arrows). (Uranyl acetate and lead citrate, x2500)

(Toluidine blue, x1000)
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Fig. 15: A photomicrograph of a section of a rat’s
renal cortex from the dehydration with urografin
group (group V) showing loss of continuity (double
arrows) of the parietal layer of Bowman’s capsule
of a glomerulus (G), adherence with glomerular
wall at some sites (arrow head). Notice the severe
interstitial vascular congestion (single black arrows).
(H&E, x400)
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Fig. 18: An electron micrograph of an ultrathin section
of a rat’s kidney cortex from the dehydration with
urografin group (group v) showing part of a renal
corpuscle that reveals capillary lumen with lining
endothelial cell (E). Notice thickening of the glomerular
filtration membrane at some sites (white arrow). Note
the foot processes of podocytes adherent to the outer
surface of glomerular capillary membrane that looks
markedly distorted at some sites (white arrow heads).

(Uranyl acetate and lead citrate, x4000)
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Fig. 16: A photomicrograph of a semithin section
of a rat’s kidney cortex from the dehydration with
urografin group (group V) showing glomerulus (G)
with thickened glomerular basement membrane (black
arrow). Both Bowman's space (B) and the interstitial
spaces (stars) are widened and filled with exudate.
(Toluidine blue, x1000)
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Fig. 19: A photomicrograph of a semithin section of a

rat’s kidney cortex from the dehydration with urografin
group (group v) showing tubular lumen of proximal
convoluted tubules filled with homogenous material

(hyalinecast)(stars). Noticethewideinterstitial spacethat
shows red blood cells and exudate (yellow arrow head)
and mononuclear cell infiltration (black arrow head).

(Toluidine blue, x1000)
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Fig. 20: An electron micrograph of an ultrathin
section of a rat’s renal cortex from the dehydration
with urografin group (group v) showing the
proximal convoluted tubule with apparent loss of
the brush border (bb). The mitochondria appear
amalgamated (fused) with loss of striated appearance
(arrow heads). The nuclear membrane reveals
numerous irregularities (arrow). Vacuolations (V),
nucleus (N), epithelial basement membrane (star).

(Uranyl acetate and lead citrate, x2000)
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Fig. 21: An electron micrograph of an ultrathin section
of a rat’s kidney from the dehydration with urografin
group (group v) showing the distal convoluted tubule
with shrunken nucleus (white arrow), tubular lumen
filled with homogenous material (stars). Notice short
microvilli projecting from luminal surface of the lining

epithelium. (Uranyl acetate and lead citrate, x1500)

Fig. 22: A photomicrograph of a section of a rat’s

kidney cortex from the atorvastatin pretreatment group
(group VI) showing the cortex (C) with apparently

normal glomeruli (G). (H&E, x100)
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Fig. 23: A photomicrograph of a semithin section of a
rat’s kidney cortex from the atorvastatin pretreatment
group showing a glomerulus (G) with central tufted
capillaries (C), numerous irregularities of filtration
membrane (double arrows), mesangial cells (M),
and Bowman’s space (arrow). Notice parietal layer
of Bowman's capsule (red arrow head) and visceral
layer (black arrow head) which surround the capillary
endothelium. Notice the proximal convoluted tubules
(P) which are lined by cuboidal cells with basally
situated nuclei (n). (Toluidine blue, x1000)
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Fig. 24: An electron micrograph of an ultrathin
section of atorvastatin pretreatment group of a rat’s
kidney cortex (group VI) showing a glomerulus
capillary loop (C) with well-defined regular smooth
filtration membrane of apparent normal thickness
(white arrow head), foot processes (white arrow)
of the podocyte are seen touching the basement
membrane externally and leaving filtration slits in
between (red thin arrow). Notice the parietal layer
of Bowman's capsule (B) with a flat epithelial cell.

(Uranyl acetate and lead citrate, x4000)
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Fig. 25: An electron micrograph of an ultrathin section
of atorvastatin pretreatment group of a rat’s kidney
cortex (group VI) showing a glomerulus capillary loop
(C), well-defined regular smooth filtration membrane
(white arrow head), regular smooth well defined foot
process (white arrow) of the podocyte are seen touching
the basement membrane externally and leaving
filtration slits in between (red thin arrow). Endothelial
cell (E). (Uranyl acetate and lead citrate, x6000)

o

kidney cortex from the atorvastatin pretreatment group
(group VI) showing the proximal convoluted tubule
lined by cuboidal cells which shows a partial loss of
brush border in some areas (red arrow heads), few
vacuoles in the cytoplasm with basally situated nuclei
and a narrow lumen (P). The DCT are lined by cuboidal
cells with vacuolated cytoplasm (black arrow head) and
have apically situated nucleus and a wide lumen (D).
Note the dilated blood vessels (V) and mononuclear
cell infiltration (star). (H&E, x1000)
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Fig. 27: A photomicrograph of a semithin section of a
rat’s kidney cortex from the atorvastatin pretreatment
group (group VI) showing the normal structure of
proximal convoluted tubules (P) which are lined by
cuboidal cells with a narrow lumen, basally situated
nuclei (N), prominent nucleolus (arrow), brush border
(bb), and basal striations (s).  (Toluidine blue, x1000)
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Fig. 28: Anelectron micrograph of an ultrathin section of
arat’s kidney cortex from the atorvastatin pretreatment
group (group VI) showing normal cuboidal cell lining
the proximal convoluted tubule. The cell has basally
situated rounded nucleus (N), prominent nucleolus (n),
smooth nuclear membrane (arrow head), cytoplasm
with dark dense bodies which resemble lysosomes (L),
many apical vacuoles (V) and apical brush border (bb)
made up of long numerous microvilli and basement
membrane (B). (Uranyl acetate and lead citrate, x2000)
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Fig. 29: An electron micrograph of an ultrathin section
of a rat’s kidney cortex from the statin pre-treatment
group (group VI) showing the lining epithelial
cells of a distal convoluted tubule with its nucleus
(N), the cytoplasm shows numerous mitochondria
(red arrows). The luminal border of the cell shows
short sporadic microvilli (black arrow), and tight
junction can be observed between adjacent lining
cells (black arrow heads). (B) = basement membrane.

W i Al KW ' o b RS AN AL
Fig. 30: A photomicrograph of a section of a rat’s
kidney cortex from the recovery group (group VII)
showing focal shrunken and degenerated glomeruli
(black arrow), normal glomeruli (G) and markedly
dilated and congested blood vessels (arrow head).

(H&E, x100)
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Fig. 31: An electron micrograph of an ultrathin section
of a rat’s kidney cortex of the recovery group (group
VII) showing part of a renal corpuscle that reveals
capillary lumen (C). Notice the apparent thickening
of the glomerular filtration membrane at some sites
(arrow heads). Note the foot processes of podocyte
(P) touching the outer surface of glomerular filtration
membrane (red arrow) and are distorted at some sites
(black arrows). (Uranyl acetate and lead citrate, x4000)

Fig. 32: A photomlcrograph of a sectlon of a rat’s
kidney cortex from the recovery group (group VII)
showing numerous vacuolated tubules (arrow heads)
in the outer cortex and multiple areas of severe
vascular congestion (black arrows) in the interstitium.

(H&E, x100)
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Fig. 33: A photomlcrograph of a section of a rat’s
kidney cortex from the recovery group (group VII)
showing patchy deposition of homogenous acidophilic
hyaline material (black arrow) in the interstitium.

(H&E, x100)

Fig.34: A photomlcrograph ofasectionofarat’s kldney
cortex from the recovery group (group VII) showing
wide patch of severe inflammatory cell infiltrate in the
renal interstitium (star). (H&E, x400)

Fig. 35: A photomicrograph of a semithin section of a
rat’s kidney cortex from the recovery group (group VII)
showing proximal convoluted tubule (P) lining cells
with basal vacuolations (black arrow head). Notice the
areas of hemorrhage (black stars) and inflammatory cell
infiltration (I) in the peritubular region. (N) = nucleus.

(Toluidine blue, x1000)
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Fig. 36: An electron micrograph of an ultrathin section
of a rat’s kidney cortex of the recovery group (group
VII) showing cuboidal cells of proximal convoluted
tubule that reveals partial loss of the brush border
(bb) (white arrow). The mitochondrial arrangement
(M) is distorted with loss of striated appearance.
Note cytoplasmic vacuolations (V) and apparently
thick basement membrane (B). (N) = nucleus, (n) =
nucleolus. (Uranyl acetate and lead citrate, x2000)

Fig. 37: A photomicrograph of a section of a rat’s kidney
cortex from the recovery group (group VII) showing
flattening of the cells of distal convoluted tubule (black
arrows), proximal convoluted tubule cell vacuolations
(arrow head). Necrotic sloughed epithelial cells can be
seen at some tubules (double arrows).  (H&E, x1000)
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Fig. 38: An electron micrograph of an ultrathin
section of a rat’s kidney cortex of the recovery group
(group VII) showing the distal convoluted tubule
with detached microvilli into the tubular lumen (black
arrow), shrunken nucleus (arrow head), mitochondria
(M), nucleus (N), and basement membrane (B).

(Uranyl acetate and lead citrate, x1000)
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Table 1: Comparison of the mean radius of the PCT (um) + standard deviation (SD) between the studied groups:

Control (I) Atorvastatin ~ Dehydration Urografin Dehydration ~ Atorvastatin ~ Recovery

1) (I1) av) with urografin  pretreatment (VI
) (VD)
39.95 39.102 45.42 40.11 63.74 36.96 55.68
+ + + + + + +
2.304 2.016 1.441 1.738 3.722 3.921 8.110

(P=0.51¢  (P<0.0059° (P=0.896¢ (P<0.0001) (P=0.138)% (P<0.001)"

(P< 0.0004)° (P=0.513)"

a) Non-significant decrease in comparison with control group.

b) Significant increase in comparison with control group.

¢) Non-significant increase in comparison with control group.

d) Highly significant increase in comparison with control group.

¢) Highly significant decrease in comparison with dehydration with urografin group.
f) Non-significant decrease in comparison with dehydration with urografin group.

Mean Radius of the PCT (um)
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Histogram 1: Mean radius of the proximal convoluted tubules (PCT).

DISCUSSION In the present study, adult male albino rats
were chosen as animal models for the experiment,

In this study, we aimed to show the renal being cheap, ecasily obtained, handled and
damage induced by high osmolality contrast media controlled. Also, to avoid the effect of female
(urografin) in the presence of dehydration as a hormones which have a role in decreasing the
risk factor, and to assess the possible protective risk of developing kidney failure!'”). Urografin
role of atorvastatin on the kidney tissue. was used in the present work as the contrast agent
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being popular in Egypt due to its lower economic
costs. We applied dehydration as the risk factor
for induction of nephropathy in rats following the
model of Toprak ez al.l'?l.

Examination of the renal stained sections
from the atorvastatin group (group II) revealed
similar results as the control group. On the
other hand, examination of the renal sections
from the dehydration group (group III) revealed
numerous histopathological changes particularly
involving the renal tubules. Glomeruli appeared
hypo-cellular and shrunken. Widening of
tubular lumen, necrosis and shedding of the
lining tubular epithelium with tubular cast
formation were observed. These findings were
confirmed by the histo-morphometric study.
There was a significant increase in the radius of
the proximal and distal convoluted tubules, and
area percentage of extravasated blood. Functional
study illustrated deterioration of the renal markers
of this group as a result of cell injury. There was
also significant increase in serum levels of IL-6
and creatinine. However the creatinine was still
within the normal range. This was in agreement
with Emad et al."® who observed in histological
stained sections shrunken glomeruli in the cortex,
vascular congestion, tubular dilatation and tubular
cast formation.

Similar results were demonstrated by Carlos
etal Mintheirexperiment of recurrent dehydration
on mice. Animals were subjected to dehydration
for 5 days per week for 5 weeks. Histologically
there were tubular dilatation, proximal tubular
lining cell injury, and cast formation. Also, they
detected the impairment of the renal function
with markedly raised serum creatinine. Moreover,
Ishikawa E.% reported a high significant increase
in the BUN in rats subjected to water deprivation
for 4 days. Furthermore, Lucindal®*"! reported
deterioration in renal function as shown by
significant decline in the glomerular filtration
rate (GFR) after chronic recurrent dehydration
in spontaneously hypertensive rats as a model
of reduced renal perfusion. Also, Leh et al.*
showed that in case of reduced glomerular blood
flow due to hypertension, glomerular collapse
with associated glomerular atrophy occurs.

On the contrary to the results of the present
study, Toprak et al.l'"¥ reported that dehydration of
the rats for 3 days did not reveal histopathological
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changes in stained renal sections with a non-
significant increase in serum level of creatinine
on day 6 of dehydration.

Previous researches set several explanations
for the pathogenesis of renal tubular damage as
a result of dehydration. Legrand et al.?® reported
that the necrotic changes were due to toxins and
ischemia; leading to decreased renal oxygen
supply, increased intracellular Ca2+ with the
activation of phospholipases, proteases, and
pro-apoptotic pathways leading to cell death.
Miner et al.?¥ in their clinical trial reported that
dehydration activated the release of vasopressin
hormone which led to vasoconstriction of blood
vessels resulting in ischemic effects and cell
damage with sloughing and detachment of renal
necrotic cells into the tubular lumen as epithelial
casts.

According to Carlos A. et al.l"}, dehydration is
associated with hyper-osmolality which activates
the pathway of aldose reductase in the renal
cortex. This leads to generation of fructose by
the proximal tubules. The metabolism of fructose
by fructokinase in the proximal tubules can lead
to generation of chemokines and oxidants and
that result in local tubular inflammation and
subsequent injury. Vakkila and Lotze™/ reported
that necrosis is accompanied by cell loss and this
necrotic cell could induce local inflammation
with subsequent exudate formation.

Su et al.P% reported that IL-6 is a cytokine that
regulates the inflammatory response, metabolism,
hematopoiesis, and organ development. It is
produced by tubular epithelial cells, mesangial
cells, glomerular podocytes, endothelial cells,
and inflammatory cells. Increase in IL-6 level
has been reported to reflect several metabolic
abnormalities, malignancies, as well as
autoimmune and inflammatory diseases.

Dennen et al’l reported that creatinine
is cleared from the blood by the kidneys, by
the glomerular filtration and proximal tubular
secretion. Only little tubular reabsorption of
creatinine may occur. If there is impairment in
the glomerular filtration, blood level of creatinine
rises.

Thus, our present study proved that
dehydration resulted in histopathological changes



PROTECTIVE ROLE OF ATORVASTATIN IN UROGRAFIN INDUCED NEPHROPATHY IN RATS

particularly involving the glomerulus and renal
tubules with significant increase in serum levels
of IL-6 and creatinine, but creatinine was still
within the normal range.

In the current work, light microscopic
examination of the stained renal sections from rats
injected with high dose of urografin (group IV)
showed focal cortical histopathological affection.
There was distortion of some renal corpuscles.
Some tubules revealed degeneration or necrosis
of their lining epithelium with the presence
of tubular hyaline casts. The interstitial space
demonstrated widening, hemorrhage, and marked
mononuclear cell infiltrate. There was no renal
function impairment for this group as proved
by non-significant increase in serum creatinine
and IL-6. Histo-morphometric measurements
revealed non- significant increase in the radius of
the proximal and distal convoluted tubules, and
percent area of extravasated blood as compared
with the control group.

Our current results were in agreement with
the histological findings of Zhang er al.*®. The
authors found renal tubular necrosis and renal
vascular congestion after injection of high dose
of high osmolality contrast media in healthy male
rabbits. However, the authors detected reduction
in the renal circulation with consequent decrease
in renal glomerular filtration rate by semi-
quantitative analysis of a renogramcurve denoting
some degree of functional affection.

Results of the current study demonstrated that
injection of rats with urografin alone resulted in
minor renal histological abnormalities in contrast
to dehydration that led to marked structural and
functional renal impairment. To our knowledge,
there was scanty work on contrast media effect on
healthy rats.

In the present study, light microscopic
examination of stained renal sections from
rats subjected to dehydration then injected
with urografin dye (group V) showed severe
histopathological damage of the kidney. Renal
corpuscles appeared distorted with irregularities of
the parietal layer of Bowman's capsule. Moreover,
there were occlusion of most of Bowman's space,
adherence of glomeruli with Bowman's capsule
outer layer, congested glomerular capillary
loop, and apparent increase in thickness of the
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glomerular basement membrane with hyaline
material precipitation in Bowman's space.
Electron microscopic examination demonstrated
a thickened glomerular basement membrane
and distortion foot processes of podocytes with
occlusion of filtration slits at some areas.

Light microscopic examination of the
convoluted tubules showed a distorted histological
architecture, necrosis and shedding of the lining
epithelium, and presence of hyaline casts filling
the lumen. Electron microscopic examination of
the convoluted tubules showed a partial loss of the
brush border, mitochondrial loss of their striated
appearance, and nuclear damage.

The renal interstitial spaces appeared widened,
with red blood cell extravasation, inflammatory
exudate, severe inflammatory cell infiltrate, and
marked congested blood vessels.

Histo-morphometric measurements of this
group demonstrated a highly significant increase
in the radius of proximal and distal convoluted
tubules, the area percentage of extravasated
blood, and number of pyknotic nuclei per field in
comparison to the control group (group I).

Renal function for this group showed
obvious severe impairment manifested by a
high significant increase in the serum level of
creatinine when compared to the control group.
Also, serum IL-6 recorded a highly significant
increase in comparison with the control group.

These histological findings went in line with
previous results!'>'82%30 The authors reported that
a contrast agent injection in the presence of a risk
factor induces a kidney structural damage. Toprak
et al.'" and Emad et al.'"® demonstrated the renal
structural affection as a result of contrast media
injection when associated with dehydration. Our
ultrastructural findings of PCT and DCT of this
group were in agreement with those reported
by Emad et all"l. As regard our ultrastructural
glomerular findings, they were in an agreement
with those of Onk et all® who found renal
histopathological damage in diabetic rats injected
with Iohexol as a contrast medium.

The functional results of the present study
matched those reported before®- 3. Caglar
et al.* reported high rise in serum levels of BUN
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and creatinine. Moreover, Onk et al.®% reported
significant rise in the level of serum creatinine
and IL-6. Our histo-morphometric results were
in agreement with Onk e a/.F% who confirmed
the cell apoptosis, necrotic changes, casts and
increase in the thickness of glomerular basement
membrane which were found to be higher in
diabetic and contrast media groups than the
control group.

Contrast medium induced nephropathy (CIN)
with histopathological damage and subsequent
renal function deterioration was explained by
different mechanisms. Onk et al.*% reported that
contrast media have direct toxic effects on renal
tubular cells. In addition, infusion of contrast
agents increases the viscosity of blood and
osmotic load resulting in renal medullary hypoxia
and release of oxygen free radical; inducing post
ischemic oxidative stress. Also, Goldenberg and
Matetzky®"! mentioned that both oxidative stress
injury and hypoxia are the main causes of CIN.
Detrenis et al.’? added that any decrease in the
medullary blood flow with resultant hypoxia is
a risk factor in the development of CIN. They
added that pars recta of the distal convoluted
tubules are characterized by active ion transport
through their membranes with increased O2
demand. Similarly, Sarafidis et a/.B¥ reported that
the proximal convoluted tubular cells are greatly
affected by urografin dye due to their high oxygen
consumption as they are the most metabolically
active renal cells and hence they are affected by
ischemia and toxins induced by the dye.

Nuclear pyknosis and cell apoptosis were
noticed in the present work. O’Donnell et al.*¥
reported that increased osmolality of contrast
media induces direct renal tubular cell's DNA
fragmentation. The authors examined the effect of
contrast agent osmolality on dog’s kidney cells in
vitro. On the other side, Romano et al.® stated
that contrast agents activate cell death through
mitochondrial pathway by inducing marked
increase in caspase-9 and caspase-3 activities with
resultant fragmentation in renal tubular cells. The
authors examined the effects of contrast agents on
renal cell apoptosis in PCT (in porcine) and DCT
(in canine).

The pathogenesis behind renal tubular cell
vacuolations seen in the current study was
explained by Emad et a/.l'". The authors stated
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that active entry of urografin into the renal
tubular cells led to cytoplasmic vacuolations and
lysosomal changes.

In the current study hyaline tubular cast were
observed. Hosojima et al.P® explored in their
in vitro experiment on cultured PCT cells that
intraluminal cast formation and albuminuria were
common after urografin injection. They added
that, there is a protein receptor called Megalin
located in the apical brush border of the PCT
and responsible for albumin uptake. The release
of angiotensin decreases the expression of this
protein receptors resulting in albuminuria and
intraluminal cast formation.

Widening of the tubular lumen was also noted
in the present work both histologically and histo-
morphometrically.

Emad et al!"® reported that a deposition of
complexes of urinary glycoprotein-contrast in
the renal tubules is the reason behind tubular
dilatation.

In the present study, renal interstitium was
widened and revealed vascular congestion and
extravasation. Miner et al.P¥ believed that
accumulation of toxins caused by the dehydration
of rats was the cause of damage and erosion of
blood vessels with resultant hemorrhage. Also,
Sutton®” added that the increased microvascular
permeability leads to the trapping of red blood
cells into the interstitial space.

Thus, our present work proved that
administration of urografin in presence of
dehydration as a precipitating factor resulted in
histopathological changes particularly involving
the glomeruli and renal tubules with highly
significant increase in serum levels of creatinine
and IL-6.

In the present work, pretreatment of the rats
with high dose atorvastatin for 5 days ameliorated
the severe structural changes of the kidney and
restored the renal function in comparison with
the dehydration with urografin group (group V).
Reviewing the literature, there were few reported
studies on the preventive role of atorvastatin
against urografin (high osmolality contrast media)
induced nephropathy.
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Examination of stained renal sections of rats
from atorvastatin pretreatment group (group
VI) showed less tubular damage with less
vacuolated tubular cells, partially intact brush
border of proximal convoluted tubules, and
marked reduction in tubular casts. This was in
agreement with Su er al!'l who assessed the
effect of atorvastatin on iopromide (low osmolar
contrast agent) induced nephropathy on diabetic
rats. They reported that high dose atorvastatin
ameliorated the presence of tubular vacuolar
degeneration, hyaline and cellular casts, renal
tubular cell apoptosis, and infiltration with
inflammatory cells. Moreover, in an animal study,
Ketab et al.¥ used adult rats dehydrated for 24
hours and administered oral simvastatin daily
for 4 days, then the contrast media iohexol was
infused, and all rats were sacrificed on day 5.
The authors reported that simvastatin was found
to attenuate contrast-induced nephropathy effects
with minimal tubular pathology.

Nearly normal histological findings in this
group were confirmed by the morphometric study.
In the current study, there was a highly significant
decrease in the radius of both proximal and
distal convoluted tubules, the area percentage of
extravasated blood, and the number of pyknotic
nuclei per field in comparison to dehydration
with urografin group (group V). This was in
agreement with Su et al.'! who investigated in
their experiment the effect of pretreatment of
diabetic rats with rising doses of atorvastatin
(5, 10, 30 mg/kg) in preventing iopromide induced
nephropathy. They reported that moderate and
high dose atorvastatin resulted in no inflammatory
reaction.

In the present study there was highly
significant decrease in the thickness of glomerular
basement membrane in atorvastatin pretreatment
group (group VI) when compared to dehydration
with urografin group (group V). This was in
agreement with Connell et al.**! who recorded
that statin improves the indices of podocyte foot-
process base width and thickness of glomerular
basement membrane on transmission electron
microscopy. Also, Vazquez-Pérez et al.l* reported
that atorvastatin prevented the dysfunction
of renal artery endothelium, glomerular
basement membrane thickening, and glomerular
hypertrophy in hyper-cholesterolaemic rabbits.
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Results of present study revealed a highly
significant decrease in the serum levels of IL-6 and
creatinine in the atorvastatin pretreatment group
in comparison to the dehydration with urografin
group (group V). Su et al.'l recorded that the
serum creatinine was lower in low, moderate,
and high dose atorvastatin pretreated groups as
compared with the diabetes mellitus and contrast
media (iopromide) group. Moreover, Ketab
et al.BP® assessed the effect of oral simvastatin
daily for 4 days, followed by dehydration of adult
rats for 24 hours, then administration of contrast
media iohexol, and animals were sacrificed on the
5t day. The authors reported a significant decrease
in blood urea nitrogen and serum creatinine levels
in the experimental animals. Also, Deng et al.[*!]
added that treatment with oral rosuvastatin at a
dose of 10 mg/kg/day (moderate dose) for 5 days
has significantly reduced the increase in serum
creatinine and IL-6 caused by contrast media
(high-osmolar contrast medium meglumine
amidotrizoate).

Also, in a met-analysis of 21 randomized
control trials in patients prepared for coronary
angiography/ percutaneous coronary intervention,
it was found that both atorvastatin and rosuvastatin
were the most beneficial in guarding against CIN.
However, the effect of simvastatin in prevention
of CIN, and whether the high dose statin is better
than the lower doses were not cleart*2.

As mentioned before, the renal cellular
structural damage induced by dehydration with
contrast media was partially mediated by reducing
the renal blood flow with resulting ischemia,
hypoxia and oxidative stress with release of
oxygen free radicals'l.

In the present study, atorvastatin pretreatment
reversed the renal pathology as seen in (group
VI). This was mediated in part by improving
renal perfusion as mentioned by previous
researcherst 43,

According to Bonetti er al™!) statins can
decrease endothelin synthesis and down-regulate
angiotensin receptors preventing renal hypo-
perfusion and ischemia. Bao et al.** and Babelova
et al™! added that statins increase nitric oxide
level leading to reduction in platelet aggregation,
enhancing cell proliferation as well as improved
microcirculation.
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Deng et al® reported that rosuvastatin
treatment ameliorated the inflammatory response
and cell death, and suppressed the oxidative stress
in a diabetic rat using meglumine amidotrizoate,
a high-osmolar contrast medium. Another
mechanism for renal toxicity in CIN was the
direct effect on renal cellsP?. Stimulation of both
caspase-3 and caspase-9 activities with resultant
apoptosis was also reported™. Moreover, Haylor
et al.*recorded that atorvastatin has an inhibitory
effect on caspase-3 enzyme preventing cell
apoptosis. In addition, Mizuguchi et al.*" proved
that atorvastatin decreases renal tubular cell death
and interstitial fibrosis through inhibition of
expression of the transforming growth factor beta
by tubular cells.

Moreover, statins  help renal tissue
regeneration through their ability to enhance cell
proliferationt4.

In the present study nephrotoxicity due to
contrast media and dehydration was associated
with  inflammatory reaction as evident
histologically and by raised serum IL-6 level.
These features were inhibited by atorvastatin
pretreatment as explained beforet*! 1. Babelova
et al.™! stated that statins have anti-inflammatory
effects. It reduces T cell activation with reduction
of cytokine release and hence decreases circulating
inflammatory biomarkers.

In addition, statins have many other
mechanisms of action that may favor protection
of the renal tissue against CIN like modulation
of thrombosis and coagulation and induction of
neovascularization in ischemic tissuet*’l.

A clinical study was conducted by Patti et al.*®!
showed that high dose atorvastatin pretreatment
for short period was effective protective factor
against contrast- induced nephropathy in
patients with acute coronary diseases undergoing
percutaneous coronary intervention. Furthermore,
Marenzi et al.* reported in their meta-analysis
of nine randomized control trials comparing
the use of short term pre-procedural high dose
statin to the control group. It showed that there
was a 50 % reduction in CIN for high dose pre-
procedural statin treatment in comparison to the
control group. Also, Yang et al. (50) mentioned in
their meta-analysis that the patients who received
rousovastatin  before cardiac catheterization
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were found to have 51% lower risk of CIN in
comparison with the control group. However,
rosuvastatin treatment was not effective in
prevention of CIN in patients undergoing elective
coronary catheterization.

In the current work, the recovery group (group
VII) in which rats were subjected to high dose
urografin and left for 2 weeks showed shrunken,
degenerated, glomeruli with markedly dilated
congested blood vessels in the interstitium.
Apparent thickening of glomerular capillary
basement membrane with distorted and fused
foot processes at some sites were also noticed.
Other areas revealed accumulation of large
number of inflammatory cell infiltrate. PCT
showed nuclear membrane irregularity, partial
loss of the brush border, and little number of
mitochondria that appeared distorted with lost
striated appearance. Also, there were numerous
vacuolations occupying the basal and apical parts
of the cytoplasm. DCT revealed flattening of the
lining epithelial cells, cytoplasmic vacuolations,
sloughed cells at some tubules, detached brush
border microvilli, shrunken nuclei, and loss
of histological architecture of cytoplasmic
organelles.

On comparing the recovery group (group
VII) with the dehydration with urografin group
(group V), there was a non-significant decrease in
the radius of both proximal and distal convoluted
tubules. On the other hand, there was a significant
decrease in area percentage of extravasated blood,
number of pyknotic nuclei per field, and thickness
of the glomerular basement membrane. Also,
there was a significant decrease in serum IL-6
and creatinine on comparing the recovery group
(group VII) with the dehydration with urografin

group (group V).

In the present study, on comparing the
recovery group (group VII) with the control group
(group I), there was a significant increase in the
radius of both proximal and distal convoluted
tubules, area percentage of extravasated blood,
number of pyknotic nuclei per field, and thickness
of the glomerular basement membrane. Also,
there was a high significant increase in serum
creatinine, and a significant increase in serum
level of IL-6. These findings revealed that there
was still some degree of kidney dysfunction
which did not improve completely after 2 weeks.
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This was in agreement with Hopkinson et a/.!
who conducted a cohort study on diabetic patients
undergoing coronary angiography and evaluated
the link between diabetes as a precipitating
factor for CIN and the long-term outcomes of
CIN including renal dysfunction at 3 months,
the need for dialysis, and mortality. The study
reported cases with end-stage kidney disease
which indicate permanent dialysis with an
increase in mortality rate. Also, Sigterman et a/.5
reported that exposure to iodinated contrast media
during endovascular interventions for peripheral
arterial disease results in CIN with increasing the
incidence of long-term kidney impairment and
cardiovascular insults with death.

Moreover, Maioli et al.** reported that CIN is
a temporary process, and kidney function returns
to normal within one-two weeks of contrast
administration. Unfortunately, less than one-third
of patients developed renal impairment less than
1% of patients needed dialysis. The incidence
is higher in patients having underlying renal
problems. The bad news is 18% of the CIN patients
who need dialysis will require it permanently.

CONCLUSIONS

It was concluded that the use of high
osmolality contrast media (urografin) in presence
of dehydration as a risk factor in the adult male
albino rat caused manifest structural changes in
the renal tissues affecting the glomeruli, renal
tubules, and affecting also the renal function. All
these effects were improved by administration of
high dose atorvastatin for 5 consecutive days prior
to urografin injection. During recovery without
administration of atorvastatin, some features of
the renal damage remained indicating the failure
of complete recovery.
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