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ABSTRACT
Aim of the Study: to evaluate the toxic effects of sodium fluoride on renal cortex of adult albino rat and
to investigate the possible protective effects of calcium during fluoride exposure, if it is protective or not?
Material and Methods: 18 adult albino rats were used for this study. These animals were equally divided
into three groups as follows: Control group: animals were received tap water and balanced diet, NaF
treated group: animals were administrated sodium fluoride (NaF) at dose, (30 mg /kg/day) and NaF and
Ca treated group: animals were treated with NaF (the same dose as mentioned before) and calcium
chloride (Cacl) (20 mg /kg/day) orally by gastric feeding tube for 6 weeks. At the end of the experimental
period, the rats were sacrificed and the kidney was rapidly removed and was utilized for light and electron
microscopic examinations. Also blood samples from each group were collected for performing renal
function tests by estimations the levels of serum urea and creatinine (mg/dl) and analyzed statistically
using ANOVA (analysis of variance) test. The Results: by light microscope, in the NaF treated group,
there was significant morphological damage to the renal cortex by exposure to NaF including; different
forms of glomerular degeneration (marked lobulation, marked hypertrophy or shrinkage with expanded
Bowman’s capsule) and massive degeneration of renal convoluted tubules with their epithelium (marked
dilatation of some tubular lumens, sloughing of tubular epithelial cells, cell swelling, vacuolar
degeneration and lysis of their cytoplasm with loss of their organelles). However, in the NaF and Ca
treated group, Calcium failed to restore the renal damage induced by NaF exposure and still there were
extensive degenerative changes on the renal cortex. However, by electron microscope, the most important
morphological features of fluoride nephrotoxicity were a degeneration of kidney's filtration barrier,
constriction and congestion of Glomerular capillaries, Mesangial hypercellularity, Mesangial matrix
expansion and necrosis of podocyte. There also were different degree of degeneration of the tubular
epithelial cells ranging from moderate to massive cellular destruction (reduction of the cellular and
nuclear sizes, apoptosis, complete loss of the microvillar brush border, massive loss of most of
cytoplasmic organelles and distortion of the cell basement membrane). However, the NaF and Ca treated
group showed more excessive degenerative changes in Glomerulus more than that of NaF treated group
manifested by marked swelling of the whole endothelial lining of the Glomerular capillary wall and
injurious appearance of the podocyte with effacement of their foot processes, while, showed similar
degenerative changes in proximal epithelial cells like that observed in NaF treated group. The
Biochemical results showed significant difference between the three groups (P<0.05). Serum urea and
creatinine levels were increased in NaF treated group (31.4±8.2 and 0.8±0.2 respectively), as compared to
the control group (16.4±6.4 and 0.6±0.2 respectively). While in NaF and Ca treated group, the levels of
Serum urea and creatinine were more greatly increased (52.6±11.6 and 1.4±0.3 respectively), if compared
to the two previous groups. Conclusion: This work showed that sodium fluoride administration induced
morphological degenerative changes and impairment on the renal cortex. Calcium administration not only
failed to restore renal damage induced by NaF exposure but also enhanced the flouride-induced toxicity.
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INTRODUCTION:
Fluoride is an essential trace element for
human beings and animals. Fluoride intake
can be either by ingestion or inhalation.
© 2014 British Journals ISSN 2047-3745

Fluoride is abundant in the environment and
exists only in combination with other
elements as fluoride compounds, which are
constituents of minerals in rocks and soil.
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Sources of fluoride include natural fluoride
in foodstuffs and water. Fluoride is also
found in many common household products,
including toothpaste, glass-etching, chromecleaning agents and insecticide (Chinoy and
Sequeira, 1998; Wang et al., 2000 and
Guney et al. 2007).
A fluoride low
concentration have a remarkable prophylactic
influence on the dental system by inhibiting
the dental caries and confers protective
effects against mineral dissolution, with
important implications for animals and
humans demineralizing diseases (Machoy,
1991 and Warren and Levy, 2003). On the
other hand, excessive fluoride intake over a
long period of time may result in a serious
public health problem called fluorosis, which
is characterized by dental mottling and
skeletal manifestations such as crippling
deformities, osteoporosis, osteosclerosis and
restricted movements of joints (Reddy et al.,
2003 and Bailey et al. 2006), muscular
weakness,
convulsions
followed
by
respiratory and cardiac failure and death
(Korkmaz, 2000), and apoptosis in human
epithelial lung cells (Thrane et al., 2001). It
is now recognized that fluoride also affects
cells from soft tissues, i.e., renal, endothelial,
gonadal, and neurological cells [Barbiera et
al. 2010].
The kidney is a well recognized organ to be
affected for its histopathological and
functional responses to excessive amounts of
fluoride. Many studies have shown that
elevated concentrations of fluoride can occur
in the kidney as it has a major route in
removal of fluoride from the body (Hodge
and
Smith,
1965;
Ehrnebo
and
Ekstrand,1986; Whitford, 1996; Shashi et
al., 2002 and Inkielewicz and Krechniak,
2003). Fluoride nephrotoxicity causes
pathological changes in the glomeruli and in
the proximal, distal, and collecting tubules of
experimental animals (Bouaziz et al. 2007).
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Chinoy and Sharma (2000) stated that
by the cessation of NaF-treatment was not
conducive to bring a complete recovery from
fluoride
toxicity.
However,
the
administration of ascorbic acid (AA) and
calcium phosphate (Ca) to NaF-treated mice
revealed significant recovery from fluoride
toxicity. In contrast, Borke and Whitford
(1999) suggested that chronic Fluoride
ingestion may affect Ca++ homeostasis and
decreases Ca++ uptake by rat kidney
membranes.
The aim of this study was to evaluate toxic
effects of fluoride on renal cortex of albino
rat by using histological and ultrastructural
study and to investigate the possible
protective effects of calcium supplementation
during fluoride exposure, if it is protective or
not?
MATERIAL AND METHODS:
Chemicals: All chemicals as sodium fluoride
(NaF) and calcium chloride (Cacl) were
obtained from sigma chemical company.
Experimental Animals: 18 adult albino rats,
60-day-old (weighing 250-300g) were
obtained from laboratory animal farm,
Faculty of Veterinary medicine, Zagazig
University. The animals were kept under
standard laboratory conditions at 21± 2 °C,
fed with balanced diet and water ad-libitum
and exposed to 12h light / 12 h dark cycle for
one week prior to the start of the
experiments.
These animals were equally divided into
three groups, every group contained 6
animals and was used as follows: Control
group: animals were received tap water and
balanced diet. NaF treated group: animals
were administrated sodium fluoride (NaF)
orally by gastric feeding tube at dose, (30 mg
/kg/day) for 6 weeks. NaF and Ca treated
group (n=6): animals were treated with
sodium fluoride (NaF) (the same dose as
mentioned before) and calcium chloride
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(Cacl) (20 mg /kg/day) at the same time by
gastric feeding tube for 6 weeks. Dose
selection of NaF and Cacl was based on the
published studies (Das et al. 2006 and
Guney et al. 2007). At the end of the
experimental period, the rats were sacrificed
and the kidney was rapidly removed and
dissected out carefully, blotted of blood, and
was utilized for light and electron
microscopic examinations.
Biochemical assays: after sacrificing the
rats, blood samples from each group were
collected for renal function tests by
estimations the levels of serum urea and
creatinine (mg/dl).
Preparation for Light microscopy:
The kidney specimens from each
experimental group were fixed in buffered
neutral formalin. After routine histological
laboratory procedures, tissues were blocked
in paraffin and sections of 5 μm were cut and
stained with haematoxylin and eosin and then
examined in the Department of histology,
Faculty of Medicine, Zagazig University.
Preparation for Transmission electron
microscopy:
Small pieces from fresh kidney specimens,
(about one cubic millimeter in size) from
each experimental group were immediately
fixed in 2.5 % glutraldehyde in phosphate
buffer (pH 7.2) for 24 hours. The specimens
were then washed thoroughly in the buffer
and post-fixed in 1% cold osmium tetroxide
for one hour, dehydrated in graded alcohol,
cleared in acetone and embedded in Epon.
Semi-thin sections about 1 μm in thickness
were stained with 1% toluidine blue. These
sections were used to select regions for
electron microscopy. Ultra-thin sections
about 100 nm in thickness were cut from the
selected regions, mounted on copper grids
stained with uranyl acetate and lead citrate,
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for electron microscopic examination in
faculty of science Ein-Shams University.
Statistical analyses: Data were analyzed
using SPSS 17.0 for windows. Significance
was calculated using ANOVA (analysis of
variance) test. P<0.05 was considered
statistically significant.
RESULTS:
1-Biochemical results showed significant
difference between the three groups
(P<0.05). Serum urea and creatinine levels
were increased in NaF treated group
(31.4±8.2 and 0.8±0.2 respectively), as
compared to their levels in the control group
(16.4±6.4 and 0.6±0.2 respectively). While
in NaF and Ca treated group, the levels of
Serum urea and creatinine were more greatly
increased
(52.6±11.6
and
1.4±0.3
respectively), if compared to the two
previous groups (Table 1 and Figure 1).
Table (1): shows the comparison between
mean values of the three studied groups
regarding the levels of serum urea and
creatinine using ANOVA test.
Parameters
(serum)

Control
Mean ±SD
(range)

NaF
Mean ±SD
(range)

NaF+Ca
Mean ±SD
(range)

F

P

16.4±6.4
(9.25-24.75)

31.4±8.2
(24.2542.75)

52.6±11.6
(39.2567.5)

16.363

0.001*

Urea(mg/dl)

Creatinine
(mg/dl)

0.6±0.2
(0.41-0.96)

0.8±0.2
(0.65-1.14)

1.4±0.3
(1.05-1.8)

9.52

0.006*

British Journal of Science
May 2014, Vol. 11 (1)
Mean

39

Urea(mg/dl)
52.6
Creatinine (mg/dl)

60
50
40

31.4

30
20

10

16.4
0.8

0.6

1.4

0
Control

NaF

NaF+Ca

Figure (1): shows the comparison between
mean values of the three studied groups
regarding serum urea and creatinine levels.
2-Light microscopy:
A normal architecture of renal cortex was
observed in the control animals. The
glomeruli appeared with normal morphology
formed of a tuft of glomerular capillaries
containing normal erythrocytes. It was
surrounded by normal epithelial-lined
uniferous tubule (Bowman’s capsule) except
at its vascular pole. Bowman’s capsule
possessed visceral and parietal layers of
Squamus epithelium with a lumen in between.
The visceral layer was applied closely to the
surface of glomerular capillaries. The
proximal convoluted tubules appeared with
narrow lumen and lined by truncated
pyramidal eosinophillic cytoplasm. The distal
convoluted tubules were demonstrated with
cubical epithelium lining a normally wide
lumen (Figure 2).
In the NaF treated group, there was
significant morphological damage to the renal
cortex. The glomeruli were observed
exhibiting different forms of degeneration.
Some glomeruli appeared markedly lobulated
whereas others exhibited marked hypertrophy,
with mesangial hypercellularity and markedly
congested glomerular capillaries. The
© 2014 British Journals ISSN 2047-3745

Bowman’s capsule revealed some dilatation
in some areas and an adhesion between
visceral and parietal layers at other sites
(Figure 3). Other glomeruli appeared
shrunken with a moderately congested
capillary loops and an expanded Bowman’s
capsule. Extensive interstitial hemorrhage was
well demonstrated in the peritubular and
perivascular areas. The vascular capillaries
were enlarged, congested and engorged with
blood. Some renal convoluted tubules were
manifested either damaged with sloughing of
their tubular epithelial cells or exhibiting
abnormal marked dilatation of their lumens
(Figure 4). Moreover, there was also damage
to the architecture of the tubular epithelia of
proximal convoluted tubules which showed
vacuolar degeneration of their cytoplasm
giving them cloudy swelling appearance.
Some tubular epithelial cells exhibited cell
swelling with lysis of their cytoplasm and
their organelles. The nuclei were pushed
towards the basement membrane whereas
others appeared pyknotic (Figure 5). The
interstitial tissue, in some perivascular areas,
showed marked infiltration by mononuclear
inflammatory cells. The capillary blood
vessels appeared with marked thickening of
their wall (Figure 6).
In the NaF and Ca treated group, there were
still extensive degenerative changes on the
renal cortex. Some glomeruli appeared
shrunken, moderately congested with more
expanded Bowman’s capsule. Others were
seen moderately lobulated and hypertrophied
with narrow Bowman’s capsule and
moderately congested glomerular capillaries.
Some renal convoluted tubules were regarded
damaged with some sloughing of tubular
epithelial cells inside their lumen while,
others showed marked dilated lumen. The
tubular epithelia of proximal convoluted
tubules exhibited cell swelling with lysis of
their cytoplasm and loss of their organelles.
Extensive Interstitial hemorrhage was well
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3-Transmission electron microscopy:
In the control group, the Glomerulus
comprised a network of Neighboring
Glomerular capillary loops with patent lumen
containing red blood cells. The normal
Glomerulus comprised three types of cells.
The first cell was the Mesangial cell which
was a specialized cell containing elongated
nucleus and electron dense cytoplasm. It was
embedded in the Mesangial matrix and
located inside the Glomerular capillary loops.
The second cell type was the podocyte which
was a highly modified epithelial cell, resided
between the adjacent capillary loops and laid
in intimate contact with more than one
capillary loop. The podocyte was consisted
of a cell body which gave rise to primary
processes that extent toward the capillaries to
which they affixed by numerous small foot
processes. These secondary processes
(pedicles) completely enveloped the wall of
the Glomerular capillary from outside
(Figure 9). The foot processes of the
podocyte were regularly arranged on the
capillary surface, interdigitating with those of
neighboring podocytes, and were separated
from the podocyte and their primary cell
processes by a clear subpodocyte space,
mostly called the urinary space. In general,
cell bodies and major processes of podocytes
were not directly connected to the capillary
surface but hanged freely in the urinary
space, fixed to the underlying capillaries only
via attachment of their foot processes to the
capillary surface (Figure 10). The podocyte
exhibited highly indented nucleus and
electron dense cytoplasm. Its cytoplasm
contained
elongated
and
rounded
mitochondria and rough endoplasmic
reticulum. Some podocytes gave long
primary processes which in turn sent large
foot processes encircling the capillary wall or
© 2014 British Journals ISSN 2047-3745

interdigitated with the foot processes of other
podocytes (Figures 10, 11). The third cell
type is the endothelial cell that lined the
capillary wall from inside and protruded by
its nucleus and the covering cytoplasm into
the lumen of capillary loop. Its nucleus was
situated towards the Mesangial matrix. Its
cytoplasm was demonstrated adhered to the
Glomerular basement membrane (GBM)
(Figure 10).
The Glomerular capillary wall consisted of
three layers (trilaminar in structure) with less
electron dense central zone surrounded on
either side by more electron dense layers.
The Glomerular basement membrane (GBM)
was covered by the pedicles (foot processes)
of podocytes from outside, and lined by well
developed
fenestrated
endothelium
(displaying pores) from inside. The foot
processes were regularly arranged (in an
orderly fashion), covered by glycocalyx and
protruded into the clear wide urinary space.
Narrow clefts (filtration slits) appeared
between adjacent foot processes and were
bridged by thin slit diaphragm (membrane)
connecting the adjacent foot processes and
forming part of the filtration barrier (Figure
12).
Therefore, these capillary walls comprised
the kidney's filtration barrier. The
glomerular filter barrier consisted of three
components:
porous
endothelium,
glomerular basement membrane, and
podocyte foot processes with the interposed
slit diaphragm.
As regard the proximal tubules of renal
cortex, the apical cytoplasm of the proximal
tubular epithelial cell showed a welldeveloped interlacing microvillar brush
border. Electron dense cytoplasm was
observed containing large oval nucleus with a
distinct peripheral nucleolus, marginated
heterochromatin and surrounded by nuclear
membrane. Numerous rounded and elongated
mitochondria were seen dispersed in the
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supranuclear and basal cytoplasm. Few apical
endocytic vacuoles were present in the apical
cytoplasm. Few lysosomes like bodies were
observed as small membrane bound dense
bodies in the supra-nuclear region of the cell.
The cell rested on a well-developed less
electron dense thick basement membrane
(Figure 13).
The NaF treated group: the kidney
specimens
showed a
morphological
impairment including the constriction and
congestion of Glomerular capillaries. The
podocytes revealed small, less indented
nucleus and electron lucent cytoplasm. Some
podocytes appeared with disintegrated nuclei,
covered the capillary surface and separated
from them by a very narrow urinary space.
Some primary podocyte processes were seen
broadened increasing the interstitial space
between the capillary loops and showed
degenerative features such as accumulation of
electron dense deposits in its cytoplasm. The
endothelial cells of Glomerular capillary
appeared swollen and their cytoplasm
expanded into the capillary lumen making it
narrower. Large Mesangial cell was
demonstrated containing large and small
membrane bound vesicular materials engulfed
by its nucleus (Figure 14).
The Mesangial cells increased in number
with expansion of Mesangial matrix between
them. Some Glomerular capillaries were more
dilated, congested, engorged with blood and
contained large intraluminal vacuoles. The
Glomerular basement membrane showed
local thickening in some areas and local
corrugations or irregularities in other parts
(Figure 15). The Glomerular capillary wall
was formed of electron dense layer losing its
trilaminar structure and its lining fenestrated
endothelium was severely damaged. The
inner surface of the glomerular basement
membrane showed focal nodular projections
with marked distortion of podocyte foot
processes on its outer surface. Very few
© 2014 British Journals ISSN 2047-3745
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processes appeared normal projecting through
a very narrow urinary space but others
showed fragmentation or fusion and some of
them completely lost (Figure 16).
Moreover, the fluoride administration
induced various degrees of damage to the
architecture of renal tubules especially the
proximal convoluted tubules.
In the proximal tubular epithelial cell of
moderate degeneration, the apical cell
membrane of the same cell revealed
Shrinkage of microvillar brush border in one
part with complete loss of it in the other part.
The apical cytoplasm revealed lysis and
diffuse vacuolar degeneration displacing the
heterochromatic nucleus (containing irregular
clumps of heterochromatin) towards the cell
basement membrane. Moderate numbers of
damaged and disfigured mitochondria were
observed around the nucleus and in the basal
cytoplasm. The basement membrane appeared
thin and electron dense (Figure 17). Another
degree of degeneration of the tubular
epithelial cells was recorded as a massive
cellular destruction. These finding were
including; reduction of the cellular and
nuclear sizes, complete loss of the microvillar
brush border of the apical cell membrane,
massive loss of most of cytoplasmic
organelles, and distortion of the cell basement
membrane. The scanty numbers of
mitochondria were observed severely
damaged with partially deteriorated cristae or
with flocculent dense matrix. Some of cells
revealed necrosis (apoptosis) exhibiting a
very small spherical shrinked pyknotic
nucleus with condensed chromatin. Other
cells showed disintegrated nucleus with loss
of its nuclear membrane (Figures 18, 19).
The ultrastructural results of this work
showed more excessive degenerative changes
in Glomerulus by administration of Ca if
compared to NaF treated group.
In NaF and Ca treated group, the endothelial
cells of Glomerular capillary were swollen
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with marked swelling of the whole
endothelial lining of the Glomerular capillary
wall. Their nuclei were large and situated
towards the Mesangial matrix. Their
cytoplasm was separated from the Glomerular
basement membrane by the swollen
endothelial lining (Figure 20). On the other
hand from outside the Glomerular capillary
wall, the podocytes were severely injured,
losing their nuclei and most of their
cytoplasmic organelles. The basal cytoplasm
of the podocyte and their primary processes
fused with their foot processes forming a
continuous band of cytoplasm and became
adherent to the thick glomerular basement
membrane with complete disappearance of
urinary space. This appearance denoted the
effacement (spreading out) of the foot
processes, where the foot processes may no
longer be seen. The apical cytoplasm
exhibited microvillar projections. The
Glomerular capillary wall was seen engorged
with blood and lined by swollen endothelial
cell (Figure 21).
From figures 20, 21, the marked swelling of
the whole endothelial lining of the
Glomerular capillary wall and the foot
processes effacement denoted massive
destruction of the glomerular filter barrier.
As regard to the proximal epithelial cells in
NaF and Ca treated group, the results of this
work showed similar degenerative changes in
them like that observed in NaF treated group.
The apical cell membrane of the proximal
tubular epithelial cell revealed complete loss
of its microvillar brush border. Its cytoplasm
appeared electron lucent and revealed lysis of
most of its organelles. The spherical nucleus
contained clumps of heterochromatin with
marginated heterochromatin. Very few
numbers of normal mitochondria were seen in
the basal cytoplasm. Edematous mitochondria
were also demonstrated with destructed
cristae replaced by translucent dense matrix.
© 2014 British Journals ISSN 2047-3745
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Fragments of degenerated mitochondria were
also regarded. The cell basement membrane
appeared thin and distorted (Figure 22)

Figure (2): A photomicrograph of a section
from normal (control) rat kidney. The
glomeruli (G) exhibit a tuft of glomerular
capillaries surrounded by normal Bowman’s
capsule (asterisk) except at its vascular pole
(vp). Bowman’s capsule exhibits visceral
(arrow) and parietal (arrowhead) layers with a
lumen in between (L). Notice also the
proximal convoluted tubules (pct) with their
narrow lumens and the distal convoluted
tubules (dct) with their wide lumens. (H&E
x400)
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tubules with sloughing of their tubular
epithelial cells (arrowhead). Other tubules
show marked dilated lumen (arrows).
Extensive Interstitial hemorrhage (H) is well
demonstrated in the peritubular and
perivascular areas. A vascular capillary (vc) is
seen large, congested and engorged with
blood. (H&E x400)

Figure (3): A photomicrograph of a section
from Naf treated rat kidney showing
markedly lobulated glomeruli (G). Some
glomeruli appear markedly hypertrophied
with Mesangial hypercellularity (white arrow)
and large congested glomerular capillaries
(arrowhead). Bowman’s capsule reveals some
dilatation (asterisk) in one pole and an
adhesion (A) between visceral and parietal
layers at one side. Notice some renal
convoluted tubules (ct) are damaged.
(H&E x400)

Figure (4): A photomicrograph of a section
from Naf treated rat kidney showing shrunken
glomeruli (G), expanded Bowman’s capsule
(asterisk), and damaged renal convoluted
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Figure (5): A photomicrograph of a section
from Naf treated rat kidney showing cloudy
swelling of some tubular epithelial cells
(black arrows). Others reveal cell swelling
with lysis of their cytoplasm and loss of their
organelles (black arrowheads). Notice the
nuclei (white arrow) are pushed towards the
basement membrane and others appear
pyknotic (white arrowhead). Notice also the
presence of Interstitial hemorrhage (H) is well
demonstrated in some peritubular areas.
(H&E x400)
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Figure (6): A photomicrograph of a section
from Naf treated rat kidney showing marked
inflammatory cells (asterisk) infiltrated in the
perivascular areas. There is marked
thickening the capillary wall (arrowhead) and
widening (arrow) of some renal convoluted
tubules.
(H&E x400)

Figure (7): A photomicrograph of a section
from NaF and Ca treated rat kidney showing
shrunken glomerulus (G), and widely
expanded Bowman’s capsule (asterisk). Some
renal convoluted tubules appear damaged
with some sloughing of tubular epithelial cells
(arrowhead) inside their lumen. The tubular
epithelia exhibit cell swelling with lysis of
their cytoplasm and loss of their organelles
(arrows). Notice Interstitial hemorrhage (H)
in the peritubular areas. (H&E x400)
© 2014 British Journals ISSN 2047-3745
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Figure (8): A photomicrograph of a section
from NaF and Ca treated rat kidney showing
lobulated and hypertrophied glomeruli (G),
narrow Bowman’s capsule (arrowhead) and
moderately congested glomerular capillaries
(white arrow). Some renal tubules show
marked dilated lumen (black arrows).
(H&E x400)
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Figure (10): An electron micrograph of a
section from normal (control) rat kidney
showing the podocyte (p) with highly
indented nucleus (N1) electron dense
cytoplasm. The foot processes of the podocyte
(fp) are regularly arranged, or interdigitating,
(arrow) and are separated from the podocyte
(P) and their primary cell processes (pp) by a
clear urinary space (S). Notice the endothelial
cell (En) lining the capillary loop (CL) and its
nucleus (N2) is situated towards the
Mesangial matrix (Mm). Its cytoplasm is seen
adhered to the Glomerular basement
membrane (GBM).
(X 8100)
Figure (9): An electron micrograph of a
section from normal (control) rat kidney
showing Glomerular capillary loops (CL)
containing red blood cells (Rbc's). The
Mesangial cell (Mc) with its elongated
nucleus (N) and electron dense cytoplasm is
seen embedded in the Mesangial matrix (Mm)
inside the Glomerular capillary loops (CL).
The podocyte (p) resides between the adjacent
capillary loops having a cell body (P),
primary cell processes (pp) and foot processes
(fp) enveloping the Glomerular capillary
loops. (X 6480)

Figure (11): An electron micrograph of a
section from normal (control) rat kidney
showing the podocyte (P1) containing highly
indented nucleus (N), elongated and rounded
mitochondria (M) and rER. It is separated
from the capillary loop surface (CL) and the
foot processes (fps) by a clear urinary space
(S). Notice the lower podocyte (P2) has long
primary process (pp) which sends large foot
process (fp) encircling the capillary wall or
interdigitates with other foot processes
(arrow).
(X8100)
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Figure (12): An electron micrograph of a
section from normal (control) rats kidney
showing higher magnification of portion of
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Glomerular capillary. The wall of Glomerular
capillary loop (CL) appears trilaminar in
structure with a less electron dense central
zone surrounded on either side by more
electron dense layers. Glomerular basement
membrane (GBM) is decorated by foot
processes (fp) of podocytes from outside, and
lined by fenestrated endothelium (fe) from
inside. The foot processes are covered by
glycocalyx (g) and protrude into a clear wide
urinary space (S). Narrow clefts known as
filtration slits (fs) appear between adjacent
foot processes and are bridged by slit
diaphragms (d). Red blood cells=Rbc's. Pores
of fenestrated endothelium=pr. (X32,400)

microvillar brush border (mb). The cytoplasm
is electron dense and contains large oval
nucleus (N) with a distinct peripheral
nucleolus (n) and marginated heterochromatin
(h). Numerous rounded and elongated
mitochondria (M) are seen dispersed in the
cytoplasm. Few apical endocytic vacuoles are
present (AV) in the apical cytoplasm. Few
lysosomes like bodies (Ly) are observed. The
cell rests on a well-developed, less electron
dense thick basement membrane (bm).
(x 10,800)

Figure (13): An electron micrograph of a
section from normal (control) rat kidney
showing the epithelial cell of the Proximal
Convoluted Tubules. The apical cytoplasm
shows
a
well-developed
interlacing
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Figure (14): An electron micrograph of a
section from Naf treated rat kidney showing
portion of Glomerulus with some constricted
Glomerular capillaries (CL) (white arrow) and
others congested (arrowhead). The podocytes
(P1) are small, with less indented nucleus (N)
and electron lucent cytoplasm. Other
podocytes (P2) appear with disintegrated
nucleus (asterisk) and separated from the
capillary surface by a very narrow urinary
space (S). Some primary podocyte processes
(pp) are seen broadened between the capillary
loops (CL). Some of them show an
accumulation of electron dense deposits
(black arrows). The endothelial cell (En) of
Glomerular capillary appears swollen with
expanded cytoplasm (cy). Large Mesangial
cell (Mc) is seen containing membrane
bounded vesicular materials (vs) engulfed by
its nucleus. (X 6480)
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Figure (15): An electron micrograph of a
section from Naf treated rat kidney showing
portion of Glomerulus with an increase in the
number of the Mesangial cells (Mc) and
expansion of Mesangial matrix (Mm) between
cells. Some Glomerular capillaries (CL) are
dilated, congested and contain large
intraluminal vacuoles (V). The Glomerular
basement membrane (GBM) displays local
thickening (white arrow) in some areas and
local corrugations or irregularities (black
arrow) in other parts.
(X 8100)
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Figure (16): An electron micrograph of a
section from Naf treated rat kidney showing
portion of the Glomerular basement
membrane (GBM) which appears thickened,
corrugated losing its trilaminar structure. Its
inner surface shows focal nodular projections
(white arrows). The lining fenestrated
endothelium (fe) is severely damaged. The
regular organization of podocyte foot
processes (fp) is distorted. A few number of
normal foot processes (fp) are seen protruded
through a very narrow urinary space (S) with
complete loss of them (white arrowheads) in
their vicinity. Notice the fused foot processes
(black arrow) and their fragmented parts
(black arrowhead). (X 32,400)
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Figure (17): An electron micrograph of a
section from Naf treated rat kidney. Apical
cell membrane of the proximal tubular
epithelial cell is covered by short microvillar
brush border (mb) in some areas with
complete lose of them in other place (arrow).
The apical cytoplasm reveals lysis and diffuse
vacuolar degeneration (asterisk) with pushing
of the heterochromatic nucleus (N) towards
the cell basement membrane (bm). Moderate
numbers of damaged and disfigured
mitochondria (M) are seen around the nucleus
(N) and in the basal cytoplasm. The basement
membrane (bm) appears thin and electron
dense.
(x 10,800)

Figure (18): An electron micrograph of a
section from Naf treated rat kidney. The
microvillar brush border of the proximal
convoluted tubular epithelial cell is
completely lost (arrow). The epithelial cell
displays small size and exhibits small
spherical basal euchromatic nucleus (N) with
nuclear membrane (nm) about to disintegrate.
The cytoplasm appears electron lucent with
massive loss of most of its organelles.
Damaged mitochondria (M) are seen with
partially deteriorated cristae and other with
flocculent dense matrix (M1). The cell
basement membrane (bm) appears distorted.
L = lumen
(x 10,800)
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Figure (20): An electron micrograph of a
section from Naf and Ca treated rat kidney
showing some Glomerular capillaries. The
endothelial cell (En) of Glomerular capillary
is swollen with marked swelling (white
arrows) of endothelial lining of the
Glomerular capillary wall. It has large nucleus
(N) situated towards the Mesangial matrix
(Mm). Its cytoplasm becomes separated from
the Glomerular basement membrane (GBM)
by swollen endothelium.
(X 8100)

Figure (19): An electron micrograph of a
section from Naf treated rat kidney showing a
number of tubular epithelial cells lining
proximal convoluted tubule projecting into
lumen (L). The cells display different degrees
of degeneration. Some of them undergo
necrosis exhibiting small size and very small
spherical shrinked pyknotic nucleus (N) with
condensed chromatin. Other cell shows
disintegrated nucleus (arrowhead) with loss of
its nuclear membrane. The apical cell
membranes of all tubular epithelial cells
distinct complete loss of the microvillar brush
border (arrow). The apical cytoplasm of some
cells reveals vacuolar degeneration (asterisk)
with massive loss of most of its organelles.
(x5000)
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Figure (21): An electron micrograph of a
section from Naf and Ca treated rat kidney.
The podocyte (p) appears lacking its nucleus
and most of its cytoplasmic organelles. The
cytoplasm of its cell body (p) and of their
processes (pp) fuse with their foot processes
forming a continuous band adherent to the
thick glomerular basement membrane (GBM)
with complete disappearance of urinary space.
Its apical cell membrane exhibits microvillar
projections (arrows). Notice the Glomerular
capillary wall is seen congested with red
blood cells (Rbc's) and lined by swollen
endothelial cell (En). Notice also few
Mtochondria (M) in the cytoplasm of the
podocyte (p).
(x8100)
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The apical cell membrane of the proximal
tubular epithelial cell reveals complete loss of
microvillar brush border (arrow). Its
cytoplasm appears electron lucent and reveals
lysis of most of its organelles. The spherical
nucleus
(N)
contains
clumps
of
heterochromatin
and
marginated
heterochromatin. Few numbers of normal
mitochondria (M) are seen in the basal
cytoplasm. Damaged mitochondria (M1) are
also demonstrated edematous with destructed
cristae replaced by translucent dense matrix.
Fragments of degenerated mitochondria (M2)
are also seen. The cell basement membrane
(bm) appears thin and distorted. (x 10,800)
Figure (22): An electron micrograph of a
section from Naf and Ca treated rat kidney.
DISCUSSION:
Fluoride is an essential trace element for
the body. After excessive exposure, it
provokes damage and diseases (Monsour
and Kruger, 1985 and Bouaziz, et al.,
2007).
Indeed the kidney may be exposed to high
concentrations of fluoride during the normal
process of excretion and is therefore a site
for fluoride mediated toxicity (Ichikawa et
al., 1994 and Inkielewicz and Krechniak,
2003). Furthermore, the kidney has a very
active oxidative metabolism that results in
the production of reactive oxygen species
(ROS). Oxidant injury is now recognized as
playing a key role in the induction of
experimental renal diseases (Ichikawa et
al., 1994 ; Haugen and Nath, 1999 and
Ailani, 2009).
Previous Works indicated that fluoride
treatment can induce functional changes,
metabolic disorders, and histopathological
modifications in kidney of rabbit (Shashi et
al. 2002) and mice during pregnancy and
lactating period (Bouaziz et al., 2007).
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The histological results of this study
showed that the administration of sodium
fluoride treatment to adult albino rats led to
extensive degenerative changes on the renal
cortex (if compared to normal control rats)
including different forms of glomerular
degeneration (marked lobulation, marked
hypertrophy or shrinkage with expanded
Bowman’s capsule). The results of this work
are compatible with those of Bouaziz et al.,
(2007) who had demonstrated that, in
kidneys of adult mice and their suckling
pups treated with NaF showed hypertrophy,
and atrophy of glomeruli.
The present study observed massive
degree of degeneration of renal convoluted
tubules and their cellular epithelia such as;
marked dilatation of some tubular lumens,
sloughing of tubular epithelial cells, cell
swelling, vacuolar degeneration and lysis of
their cytoplasm with loss of their organelles.
All these changes were signals of extensive
cellular necrosis. These finding have been
detected in renal cortex by some authors in
rabbits exposed to high doses of NaF
(Shashi et al., 2002) and in mice exposed to
aluminum chloride (AlCl3) (AL Kahtani,
2010).

British Journal of Science
May 2014, Vol. 11 (1)
In this study, the light microscopy of NaF
treated group revealed marked thickening of
capillary
wall,
extensive
interstitial
hemorrhage and infiltration of mononuclear
inflammatory cells in some peritubular and
perivascular areas. These findings were in
agreement with the results of previous
literature (Karaoz et al., 2004; Bouaziz et
al., 2007 and AL Kahtani, 2010) where
they claimed these changes were signs of
interstitial nephritis.
Many investigations have searched for a
correlation between NaF administration and
oxidative damage in the body tissues.
It
was reported that fluoride can disturb the
metabolism of proteins, and interfere with
the metabolism of carbohydrate, lipid, and
nucleic
acids
(Saralakumari
and
Ramakrishna Rao, 1991 and Liu et al.,
2003). Other studies have shown that
fluoride can induce Oxidative damage to
cellular components by free radicals and
other reactive oxygen species (ROS)
(Shivarajashankara et al., 2001a,b and
Hassan and Abdel-Aziz, 2010), Also,
lipid, protein, and DNA damage was
observed when these oxidizing agents were
in excess or when antioxidant defense
mechanisms were impaired or altered
(Guan et al., 2000 and Hassan and AbdelAziz,
2010). Increased generation of
reactive oxygen species (ROS) and lipid
peroxidation had been shown to mediate the
toxic effects of fluoride on visceral organs
(Rzeuski et al., 1998). Reports describing
fluoride induced oxidative stress during the
stages of life have been carried out on rats
(Wang et al., 2000) on humans after
weaning (Shivarajashankara et al.,
2001b), and on rabbits (Reddy et al., 2003).
From the ultrastructural point of view of
this work, the most important morphological
features of impairment induced by fluoride
administration were a degeneration of
© 2014 British Journals ISSN 2047-3745
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kidney's filtration barrier. These features
included; sever damage of the fenestrated
endothelium,
local
thickening
and
corrugations of GBM, distortion of regular
organization of podocyte foot processes
covering the surface of the GBM
(fragmented or fused or completely
lost). These morphological changes would
contribute partially to disturbed glomerular
hemodynamics. Also, these ultrastructural
findings can explain why the serum urea and
creatinine levels were significantly increased
(P<0.05) in NaF treated group (31.4±8.2 and
0.8±0.2 respectively) as compared to their
levels in the control group (16.4±6.4 and
0.6±0.2 respectively).
Moreover, the focal nodular projections on
the inner surface of basement membrane
were also demonstrated. This may indicate
that thickening of the basement membrane
occurred on the side that facing the
endothelium, and in turn this also may
explain why the fenestrated endothelium
was severely damaged. Similar changes
have also been noted in kidneys of
experimental animals upon exposure to
other trace metals such as cadmium (AbdelMoneim and Said, 2007) and mercury
(Abdel-Moneim, 2009). In addition these
observations are similar to the data reported
previously in mice exposed to aluminum
chloride (AlCl3) (Kutlubay et al., 2007 and
AL Kahtani, 2010),
Other ultrastructural changes of sodium
fluoride nephrotoxicity in this study were
also observed in the previous literature
(Willinger et al 1995 and AL Kahtani,
2010). These changes included mesangial
hypercellularity,
mesangial
matrix
expansion, broadening of some primary
podocyte processes with accumulation of
electron dense deposits in their cytoplasm,
constriction and congestion of Glomerular
capillaries, containing large intraluminal
vacuoles.
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The transmission electron microscopy of
the fluoride-treated groups of this work
recorded different degree of degeneration of
the tubular epithelial cells ranging from
moderate to massive cellular destruction
(reduction of the cellular and nuclear sizes,
apoptosis, complete loss of the microvillar
brush border, massive loss of most of
cytoplasmic
organelles
especially
mitochondria and distortion of the cell
basement membrane). These findings were
in agreement with previous fluorosis reports
concerning rabbits (Shashi et al., 2002),
mice, (Kour and Singh, 1980) and young
pigs (Zhan et al., 2006). In addition, similar
changes have also been noted in kidneys of
experimental animals upon exposure to
other trace metals such as lead (Jarrar,
2001) to aluminum chloride (AlCl3)
(Kutlubay et al., 2007 and AL Kahtani,
2010). The important ultrastructural
alterations revealing cell damage may
represent the severe oxidative stress level in
NaF administered rats in the present study.
Many works have concluded that fluoride
induces apoptosis by elevating oxidative
stress-induced lipid peroxidation, can alter
glutathione levels, often resulting in the
excessive production of ROS at the
mitochondrial level, leading to the damage
of cellular components. It is known that
excessive ROS production leads to
macromolecule oxidation, resulting in free
radical attack of membrane phospholipids
with resulting membrane damage via
induction
of
lipid
peroxidation,
mitochondrial membrane depolarization
(causing mitochondrial dysfunction) and
apoptosis (Anuradha, et al., 2001; Xu et
al., 2002; Ortiz et al., 2003; Flora, et al.,
2009 and Karube, et al., 2009). In addition,
Barbier, et al., (2010) confirmed that
fluoride induces apoptotic cell death through
the modification of gene expression and
protein activity by disturbing signaling
messages through multiple mechanisms.
© 2014 British Journals ISSN 2047-3745

52

Moreover, fluoride induced inhibition of
enzymes involved in intracellular energy
production such as ATPase or enolase. The
degree of nephrotoxicity correlates loosely
with maximal serum fluoride levels, but can
probably be modulated by further factors
like intrarenal in situ formation of fluoride,
urinary pH and flow, and especially, the
presence of other nephrotoxins. (Bosch
1996)
To protect cells from the damage caused by
free radicals and related reactants, organism
has evolved several defense mechanisms.
The oxidants that are not scavenged by
antioxidant defense system attack cellular
components producing useless molecular
debris and sometimes cell death. The
antioxidant enzymes represent a first line of
defense against toxic reactants by
metabolizing them to innocuous byproducts
(Rodrigez et al., 2004). When cells are
exposed to oxidative stress they increase the
activity and expression of antioxidant
enzymes as a compensatory mechanism to
better protect them from the damage.
Moderate levels of toxic reactants induce
rises in antioxidant enzymes while very high
levels of reactants reduce enzyme activities
as a result of damage of the molecular
machinery that is required to induce these
enzymes (Gechev et al., 2002; Wei and
Lee, 2002 and Ikediobi et al., 2004).
The present study aimed to investigate the
possible protective effects of calcium
supplementation during fluoride exposure; if
it is protective or not? To our knowledge
there is no previous study about the
ultrastructure effect of calcium on the renal
tissue damage induced by sodium fluoride.
The ultrastructural results of this work
showed more excessive degenerative
changes in Glomerulus in NaF and Ca
treated group, if compared to NaF treated
group. These excessive degenerative
changes included; marked swelling of the
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whole endothelial lining of the Glomerular
capillary wall and the foot processes
effacement of the podocytes. These findings
denoted the massive destruction of the
glomerular filter barrier in NaF and Ca
treated group was more than NaF treated
group. This ultrastructural results also
explained why the serum urea and creatinine
levels were more significantly increased
(P<0.05) in NaF and Ca treated group
(52.6±11.6 and 1.4±0.3 respectively) as
compared to their levels in NaF treated
groups (31.4±8.2 and 0.8±0.2 respectively).
In addition, in NaF and Ca treated group,
the injurious appearance of the podocyte
manifested by loss of its nucleus and most of
its cytoplasmic organelles, apical microvillar
projections and effacement (spreading out)
of their foot processes). These degenerative
changes of podocytes were typically seen in
models of glomerular hypertension and
hyperfiltration including subtotal renal
ablation (Tenschert, 1995). In these models,
the podocytes were unable to maintain their
normal cell shape but change in its
appearance. These changes comprise cell
hypertrophy, foot process effacement, cell
body attenuation, apical microvillous
transformation (Kriz et al., 1995; Shirato,
1996; Kriz et al., 1999; Kerjaschki, 2001
and Pavenstädt et al., 2003).
The relation between fluoride and calcium
has been suggested since 1948 (Peters et
al., 1948). All over the years, more works
have evidenced that fluoride could alters
calcium homeostasis in human population
and that calcium also plays an important role
in a wide range of cellular alterations
induced by fluoride (Ba et al., 2010).
Calcium plays a key role in signaling
mechanisms triggered by external or internal
stimuli and regulates a variety of cellular
processes (Clapham, 1995). Thus, calcium
simultaneously represents an integrative
signal and a central convergence point of
many distinct signaling pathways in all cell
© 2014 British Journals ISSN 2047-3745

53

types (Berridge, et al., 2000). Cellular
responses
to
changes
in
calcium
concentrations are modulated by a tight
regulation of the spatial and temporal
occurrence of calcium variation and the
intensity of the amplitude of such changes
(Knot, et al., 2005). Plasmatic and organelle
membranes separate compartments that have
different free calcium concentrations, and
the mechanisms that regulate the release and
recovery of calcium are diverse and
complex. These mechanisms include
calcium channels, calcium-binding proteins,
calcium-sequestering
organelles
(ER),
sodium/calcium exchangers and calcium
pumps. Effects of fluoride on calcium
homeostasis and intracellular quantity have
been described, although the mechanism and
pathways have not been sufficiently
established. It has been suggested that
fluoride increases calcium retention by some
tissues (redistribution process), as evidenced
by hypocalcemia along with diminished
urinary excretion and augmented intestinal
absorption (Das and Susheela 1993).
Previous study suggested that chronic, high
fluoride ingestion producing high plasma
fluoride levels may occur in humans and
may affect Ca++ homeostasis. This occurs
by increasing the turnover or breakdown or
reduction in calcium transport across the
renal tubule ER and plasma membrane, as
well as to a reduction of the amount of
calcium pump proteins in isolated kidney
membranes (Borke and, Whitford 1999).
In addition, excessive reactive oxygen
species (ROS) production as superoxide ion,
hydrogen peroxide, and hydroxyl radical
leads to enhancing lipid peroxidation, DNA
damage, and altered calcium and sulfhydryl
homeostasis occur (Stohs and Bagchi,
1995). The recent results have shown the
relevance of the mitochondria, Golgi and
peroxisomes as calcium stores.
It is
important to recognize that the action of
fluoride on these organelles would also
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impair calcium homeostasis (Davies and
Terhzaz 2009 and Barbier et al., 2010).
Moreover, many works have reported the
role of intracellular calcium content in
fluoride-induced apoptosis as a direct target
of toxicity or an indirect consequence of
altered cellular processes (Murao, et al.,
2000 and Kubota et al., 2005) and the
increase of [Ca2+] probably plays a key role
on the mechanism of renal injury in
fluorosis as well (Xu, et al., 2007).
On other hand, the previous significant
recovery from fluoride toxicity on the
reproductive functions and fertility of male
mice and rats (Chinoy, 1994; Chinoy and
Sharma, 2000, Das, et al. 2006 and
Sarkar, 2006) or the significant reduction
in serum fluoride and SOD and increase in
urinary fluoride by the supplementation of
calcium phosphate (Ca) to NaF-treated
group (Susheela and Bhatnagar 2002 and
Sharma, 2008) was be effective only if
coadministrated with Vitamin D or Vitamin
C or both together .
Interestingly,
both
inhibitory and
stimulatory effects of fluoride on the
calcium pump have been shown in the
cardiac sarcoplasmic reticulum. It was
explained that the dissimilar responses were
due to differential susceptibility of the
conformational state of the calcium pump
(Narayanan, et al 1991). A lot of
experiments still needed to be performed to
account for possible protective role of
Calcium on flouride-induced toxicity.
Conclusion:
The results of this work showed that fluoride
administration can induce morphological
degenerative changes and impairment on
renal cortex. Calcium not only failed to
restore renal damage induced by NaF
exposure but also enhanced the flourideinduced toxicity.
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الذراست الىسيجيت والتركيب فائك الذلت للتأثير السمي لصىديىم الفلىريذ على المشرة الكلىيت في الجرران البيضاء
البالغيه والحمايت الممكىت بالعالج بالكالسيىم
دٌاى السٍذ لطفً هخراس
قسن الرششٌخ ّاألجٌح -كلٍح الطة -جاهؼح الضقاصٌق

هذف البحث :كاى الِذف هي ُزٍ الذساسح ُْذقٍٍن اَثاس الساهح لصْدٌْم الفلْسٌذ ػلى قششج الكلى هي الجرشراى الثٍعرا
الثالغٍي ّللرذقٍق فً آثاسالذواٌح الووكٌح للكالسٍْم أثٌا الرؼشض للفلْساٌذ إرا ها كاًد ّقائٍح أم ال؟
المىاد والطرق المستخذمت :ذن الذصرْ ػلرى 11هري الجرشراى الثٍعرا الثرالغٍي هري هضسػرح الذٍْاًراخ الوخرثشٌرحك كلٍرح
الطة الثٍطشيك جاهؼح الضقاصٌق .قسود ُرزٍ الذٍْاًراخ تالرسراّي إلرى ثرمز هجوْػراخ ( 6جرشراى لكرم هجوْػرح) ػلرى
الٌذْ الرالً:
 -1المجمىعت األولى  :أسرخذهد كوجوْػح غثٍؼٍح ظاتطح ّ أسرقثلد ها ًّظام غزائً هرْاصى
 -2المجمىعت الثاويت  :ذن اػطائِا صْدٌْم الفلْسٌذ فقػ تْاسطح أًثْتح ذغزٌح فً الوؼذج تجشػرح 30هجرن/كجرنٌ/رْم لورذج
سرح أساتٍغ
 -3:المجمىعت الثالثت  :ذن اػطائِا صْدٌْم الفلْسٌذ تٌفس الجشػح الساتقح ًُّ  30هجن/كجرنٌ/رْم هرغ كلْسٌرذ الكالسرٍْم
تجشػح 20هجن/كجنٌْ/م فً ًفس الْقد تْاسطح أًثْتح ذغزٌح فً الوؼذج لوذج سرح أساتٍغ.
فً ًِاٌح الفرشج الرجشٌثٍحك ذن الرعذٍح تالجشراى ّذود إصالح الكلى تسشػح ّذذعٍشُا للفذص اَذً:
أ  -الفذررص تررالوجِش العررْئى تكلٍررح الطررة قسررن الٍِسرررْلْجً جاهؼررح الضقرراصٌق تاسرررخذام صررثغح الٍِواذْكسررالٍي
ّاألٌْسٍي.
ب  -فذص الرشكٍة فائق الذقح تاسرخذام الوجِش اإللكرشًّى تكلٍح الؼلْم جاهؼح ػٍي شوس ّكلٍح الطة
قسن الٍِسرْلْجً جاهؼح الضقاصٌق.
كوا ذن جوغ ػٌٍاخ الذم هي كم هجوْػح ألدا اخرثاساخ ّظائف الكلى ػي غشٌق ذقرذٌشاخ هسررٌْاخ الٍْسٌرا ّالكشٌراذٌٍٍي
فً هصم الذم (هجن  /دٌسٍلرش) ّذذلٍلِا إدصائٍا تاسرخذام اخرثاس( ANOVAذذلٍم الرثراٌي) )P<0.05( .اػرثرشخ راخ
داللح إدصائٍح.
الىتائح:
بىاسطت المجهر الضىئي ك فً الوجوْػرح الررً ذلقرد الؼرمو تصرْدٌْم الفلْسٌرذ ك كراى ٌُرار ذلرف هْسفْلرْجً كثٍرش فرً
القششج الكلٌْح ػٌذ الرؼشض لصْدٌْم الفلْسٌذ توا فً رلك؛ أشكا هخرلفح هي ظروْس الكثٍثرح (ذفصرصك ّذعرخن هلذرْظ
أّ إًكواش هغ ذْسٍغ كثسْلح تْهاى) ّدسجح ُائلح هي ذلف األًاتٍة الولرٌْح الكلٌْح ّ الخمٌا الظِاسٌح الوثطٌح لِا (ذْسرغ
هلذْظ فً ذجٌْف تؼط األًاتٍةك ًضع الخمٌا الظِاسٌح الوثطٌرح ك ذرْسم الخلٍرحك إًذرم فجرْي ّذذلرم السرٍرْتمصم هرغ
فقذاى هؼظن الؼعٍاخ)ّ .هرغ رلركك فرً الوجوْػرح الررً ذلقرد الؼرمو تصرْدٌْم الفلْسٌرذ ّالكالسرٍْم هؼراك فشرم الكالسرٍْم
السرؼادج العشس الكلْي الٌاجن ػي الرؼشض لصْدٌْم الفلْسٌذ ,فم ذضا ٌُار ذغٍشاخ ذٌكسٍح ّاسؼح ػلى القششج الكلٌْرح
فً الوجوْػح الرً ذلقد الؼمو تصْدٌْم الفلْسٌذ ّالكالسٍْم هؼرا إرا هرا قْسًرد تالوجوْػرح الررً ذلقرد الؼرمو تصرْدٌْم
الفلْسٌذ فقػ.
ّلكي هي خالل الفحص بالمجهر اإللكترووي ك كاى هي أُن الرغٍشاخ الٌاجوح ػي الرؼشض لصرْدٌْم الفلْسٌرذ ُرً ذرذُْس
درراجض الرششررٍخ الكلررْي ك ّادرقرراى ّ اًقثرراض الشررؼٍشاخ الذهٌْررح للكثٍثٍررح ّ صٌررادج ػررذد خمٌررا هسررشا الكثٍثررح ك ّذوررذد
الوصفْفح الوغوْسح فٍِاك ّذٌكشص خمٌا سجم  .تاإلظافح إلى ّجْد دسجاخ هخرلفح هي ذرذُْس للخمٌرا الظِاسٌرح الوثطٌرح
لألًاتٍة الولرٌْح الكلٌْح ذرشاّح تٍي ذذُْس هؼرذ الى ذذهٍش ّاسغ الٌطا للخمٌا (صرغش أدجرام الخمٌرا ّاألًٌْرحك ذٌكرشص
للخمٌا الظِاسٌرح الوثطٌرح ك ّفقرذاى كاهرم للضغٍثراخ الصرغٍشج الووررذج هري غشرا الخلٍرح القورًك خسرائش فاددرح فرً هؼظرن
الؼعٍاخ السٍرْتمصهٍحك ّذشٌَْ الغشا القاػذي للخلٍح)ّ .لكي أظِرشخ الوجوْػرح الررً ذلقرد الؼرمو تصرْدٌْم الفلْسٌرذ
ّالكالسٍْم هؼا ذغٍشاخ ذٌكسٍح هفشغح فً الكثٍثح تذسجرح أكررش هري الوجوْػرح الوؼالجرح تصرْدٌْم الفلْسٌرذ فقرػ هورلرح فرً
ذررْسم هلذررْظ لثطاًررح جررذاس الشررؼٍشاخ الذهٌْررح للكثٍثٍررح تالكاهررم تاإلظررافح إلررى ّجررْد ذلررف جلررً للخلٍررح سجررم هررغ غوررس
أقذاهِن تٌٍوا أظِشخ ذغٍشاخ ذٌكسٍح هواثلح فً الخمٌا الظِاسٌح الوثطٌح لألًاتٍة الولرٌْرح الكلٌْرح هررم ذلرك الررً لْدظرد
فً الوجوْػح الرً ذلقد الؼمو تصْدٌْم الفلْسٌذ فقػ ّ .أظِشخ الٌرائج الثٍْكٍوٍائٍح فش كثٍرش ترٍي الوجوْػراخ الررمز
(  . )P<0.05فقذ صادخ هسرٌْاخ الٍْسٌا ّالكشٌاذٌٍٍي فً هصم دم الوجوْػح الوؼالجح تصْدٌْم الفلْسٌذ فقرػ ( ± 31.4
© 2014 British Journals ISSN 2047-3745

60

British Journal of Science
)May 2014, Vol. 11 (1

 0.2 ± 0.1 ّ 1.2ػلى الرْالً) تالوقاسًح هغ الوجوْػح العاتطح (  0.2 ± 0.6 ّ 6.4 ± 16.4ػلى الرْالً) ك فرً درٍي
ذن صٌادج هسرٌْاخ الٍْسٌا ّالكشٌاذٌٍٍي فرً هصرم دم الوجوْػرح الوؼالجرح تصرْدٌْم الفلْسٌرذ ّالكالسرٍْم هؼرا تذسجرح أكررش
تكرٍش (  0.3 ± 1.4 ّ 11.6 ± 52.6ػلى الرْالً) إرا قْسًد تالوجوْػرٍي الساتقرٍي.
الخالصت:
أظِشخ ًرائج ُزا الؼوم أى الرؼشض للفلْساٌذ ٌٌجن ػٌَ ذذفض الرغٍشاخ الرٌكسٍح الوْسفْلْجٍح هغ ذذُْس للقششج الكلٌْرح.
الكالسٍْم فشم لٍس فقػ السرؼادج العشس الكلْي الٌاجن ػي الرؼشض تصْدٌْم الفلْسٌذ ّلكي أٌعا قرذ ٌؼرضص السروٍح الررً
ٌسثثِا الفلْسٌذ.
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