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ABSTRACT:

Background: Cardiovascular diseases and hypertension has a significant correlation with chronic arsenic exposure through
drinking water.

Objectives: To investigate the prevention of sodium arsenate induced vascular disorders by Vitamins C& E in fetal renal
blood vessels of albino mice.

Methods: Gravid albino mice of BALB/c strain (twenty-four) were randomly divided into 4 groups having 6 animals each.
Control group A was inoculated with 0.1ml/kg/day distilled water I/P for 18 days. Animals of groups B, C & D were given
a single I/P injection of sodium arsenate 35mg/kg on 8" GD, whereas groups C and D were also injected with Vitamin C,
9 mg/kg/day and vitamin E 15 mg/kg/day by I/P route, beginning from 8" GD and continued for the entire pregnancy
period. On 18" day of gestation fetal kidneys were extracted. Histological examination of renal blood vessels was
performed for any discernable congestion, endothelial disruption and hyalinization and frequency of changes were
expressed as percentages.

Results: In group (B) sodium arsenate induction resulted in congestion of blood vessels, hemorrhages in glomerular
capillaries and thickening of endothelial walls. The addition of Vitamins C and E in groups C & D respectively had reduced
the congestion and endothelial thickening. Mean score of histological changes was statistically significant.

Conclusions: The results showed the antioxidant prospective of Vitamins C and E in combating against the vascular lesions
induced by sodium arsenate.
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kidney diseases in both gender.* Arsenic toxicity effects
the vascular endothelium profoundly as demonstrated in
rats by Sharma, 2013. °

Waghe et.al 2015, experimented on rats with
different concentrations of sodium arsenite in drinking
water, blood pressure was recorded weekly. The
investigators found that there was a dose dependent
increase in systolic, diastolic and mean arterial blood
pressure from 71" week onwards. ¢ In another study the
scientists administered zinc with arsenic to reverse the

INTRODUCTION:

Arsenic exposure through contaminated drinking
water predisposes humans to various cardiovascular
diseases, such as hypertension, atherosclerosis,
inflammation and vascular permeability. * In addition the
chronic arsenic contact results in nephrotoxicity,
hepatotoxicity and neurotoxicity. 2 According to the
WHO guideline the permissible level of arsenic in
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renal toxicity, zinc enhanced the antioxidant system and
reversed the renal damage. ’

Kesavan et.al 2014, exposed rats for 90 days with
arsenic in drinking water and then administered
atorvastatin a drug used for reducing the risk of
cardiovascular diseases for 30 days. They collected
blood on 91%t day for serum C-reactive protein analysis
which showed that atorvastatin has the potential to
improve arsenic-induced vascular leakage.  In another
study the oxidative stress induced by arsenic on vascular
endothelium was reduced by fenofibrate a drug used to
treat abnormal blood lipid levels. °

Arsenic induces oxidative stress by various cellular
mechanisms and different strategies have been
investigated by researchers to overcome the arsenic-
mediated damages both in vitro and vivo models. 1°
This study evaluated the potential of vitamins C and E as
antioxidants to reduce the oxidative stress induced by
sodium arsenate effecting the vascular endothelium of
fetal renal vessels of albino mice.

METHODS

Experimental controlled trial was conducted on
thirty-two gravid mice of BALB/c strain (twenty-four
females and eight males) under controlled environment
(temperature 22 +1°C and humidity 40%-60%) with a 12-
hour light and dark cycle. The animals were fed on
standard rodent diet and distilled water ad libitum. The
pregnant females were randomly divided into four groups
with six animals in each group. The drugs were
administered intraperitoneally as shown in table 1.

Table 1: Table showing number of animals, drug, dose,
duration of administration in various groups.
Drug/distilled  Dosage/
water day

Groups Animals Duration

A 6 distilled water 0.1 ml/kg 1-18 days
th
B 6 Sodium Arsenate 35 mg/kg 8 da_y of
gestation

Sodium Arsenate 35 mg/kg 8" GD

¢ 6 N 9mg/kg 1-18 days
Vitamin C grkg y
Sodium Arsenate 35mg/kg 8" GD

D 6 +
Vitamin E 15mg /kg 1-18 days

The animals were sacrificed on 18" day of gestation.
The uterine horns were exposed which appeared beaded
by the fetuses. Fetal kidneys were extracted from the
fetuses and fixed in neutral buffered formalin 10%,

washed, dehydrated, cleared and embedded in paraffin.
The paraffin embedded blocks were sectioned at 3-5-
micron thickness and stained with Hematoxylin and
Eosin. Stained sections were studied under a light
microscope (Leica DM 1000) at magnification of X100,
X200, X400. Three coronal sections from each kidney
were randomly chosen and examined qualitatively for the
histological components of the kidney, the renal
corpuscles and blood vessels. The blood vessels were
assessed for any distinct change as

1) Congestion of interlobular arteries & glomerular tufts.
2) Hyalinization

3) Endothelial thickening or disruption and these
histological variables were scored as.

0=No change, 1-3=Mild change, 4-6= Moderate change,
7-9 = Severe change.

Mean scores of histological changes were calculated. The
frequency of histological changes in renal blood vessels
was expressed in percentage.

The results were expressed as mean = SD (Standard
Deviation). Statistical analyses were performed using the
SPSS wversion 18.0. The parametric test one-way
ANOVA was used for data analysis and comparison was
done using Tukey post-hoc test. P value of 0.05 was
considered significant.

RESULTS

The blood vessels of control group (A) showed blood
cells in lumen, lined by the thin endothelium, glomerular
capillaries with intact endothelium surrounded by
interlobular arteries and normal number of cells in lumen
(Fig 1, a &b). Sodium arsenate exposure in group (B)
resulted in congestion of blood vessels, endothelial lining
was intact but showed thickening of wall, hyalinization
was not observed. Hemorrhages were detected in
glomerular capillary tufts, the parietal layers of capsule
were intact, adhesions between capillary tuft and capsule
were common (Fig 2, a & b). In groups C & D the
supplementation of Vitamins C and E respectively had
reduced the congestion of blood vessels and endothelial
thickening. The renal corpuscles appeared to be rounded,
intact glomeruli surrounded by Bowman’s spaces all
around and adhesions were not present (Figs 3& 4). The
mean scoring of histological changes was tested by
ANOVA which was statistically significant (Table 2).
Multiple comparisons between the groups were verified
by post hoc test Tukey (Table 3). The frequency of
changes in blood vessels was expressed in percentages
(Table 4).
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Fig.1: Photomicrographs of mice fetal kidney (Control
group- A). (a) Interlobular artery (arrow) with blood cells
(BC) in lumen, thin endothelial lining. H&E, X400. (b)
Renal corpuscle, showing the glomerulus with mesangial
cell nuclei grouped in center (yellow arrow) capillary
lumen displaying RBC (black arrow), clear Bowman’s
space (BS), flattened nuclei (blue arrow) of capsule
squamous epithelium, surrounded by interlobular arteries
with blood cells in lumen (I1A), proximal (P) and distal
(D) convoluted tubules. H&E, X200.

B - . xa"
Figure 2: Photomicrographs of mice fetal kidney (Group.
B): (a) showing interlobular artery congested with blood
cells (BC) and thickening of endothelial walls (arrows);
surrounded by proximal (P) and distal (D) tubules
exhibiting cytoplasmic vacuolation. H&E, X400. (b) The
glomerular tuft (G), hemorrhages are apparent in
capillaries (blue arrow) adhesions were observed
between (G) and capsule (yellow arrow heads,
surrounded by PCT (P) showing vacuolation (V) and
distal convoluted tubule (D). H&E, X200.

Table 2: Comparison of mean scoring of histological changes in blood vessels of mice fetal kidneys per 10

fields among various groups.

B C D
A Sodium Sodium . Sodium arsenate +
Parameter Control (n=40) arsenate (n=40) arsen(artlt;-lb )Vlt C Vit E (n=40) p-value
Mean S.D Mean Mean SD Mean SD
Scoring of Parametersof 5, g9 20 03 47 0.6 0.000*

blood vessels.

* The mean difference is statistically highly significant
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Figure 4: Photomicrographs of mice fetal kidney (Group
D): (a) Interlobular artery lined with endothelium (arrow)
containing blood cells (BC) in the lumen. H&E, X400.
(b) The renal corpuscle showing glomerular tuft (G),
capillary endothelium with normal blood cells (yellow
arrow), Bowman’s space (green arrow). H&E, X200.

Figure 3: Photomicrographs of mice fetal kidney (Group.
C): (a) Interlobular artery showing blood cells in lumen
(BC), lined with thin endothelium (arrow) H&E, X400.
(b)Renal corpuscle showing glomerulus (G), capillaries
with RBC (yellow arrow), clear Bowman’s space (red
arrow) H&E, X200.

Table 3: Multiple Comparison of mean scoring for histological changes in blood vessels of fetal Kidneys
per 10 fields among various groups according to Tukey test.

Comparison among groups Mean Difference Level of Significance

Groups (a) Group compared (B) (a-B) p-value
(B) -6.0 0.000*

(A) © -1.1 0.000*
(D) -3.8 0.000*

B) © 5.0 0.000*
(D) 2.3 0.000*

©) (D) -2.7 0.000*

* The mean difference is statistically highly significant among all groups.
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Table 4: Comparison of frequency of changes in renal blood vessels of mice fetal kidneys in 10 fields among various

groups.
. A B C D
Histology Freq % Freq % Freq % Freq % Total
Mild change 40 100.0 - - 40 100.0 7 17.5 54.4%
Moderate change - - 21 52.5 - - 33 82.5 33.8%
Severe change - - 19 47.5 - - - - 11.9%
Total 40 100.0 40 100.0 40 100.0 40 100 100.0%
DISCUSSION CONCLUSIONS

In sodium arsenate exposed group (B) interlobular
arteries demonstrated congestion, endothelial thickening
and glomerular capillary tufts exhibited hemorrhages
(Fig.2 a& b). This is indicative of changes in the vascular
endothelium due to the oxidative stress generated by
sodium arsenate. Jomova et.al 2011, suggested that
sodium arsenate disrupted the endothelial dependent
vasorelaxation system by oxidative stress and induces
atherosclerosis. ** In another study researchers revealed
the formation of atheromatous plaques in walls of aorta
after 8 weeks of exposure of mice with arsenic. 12 Arsenic
alters the lipid metabolism and induces atherosclerosis
leading to hypertension and cardiovascular diseases. 3
Arsenic induced reactive oxygen species (ROS) alters the
vascular endothelium and the release of vasoactive
mediators leading to upsurge in blood pressure. 4
In groups C & D the vascular congestion and endothelial
thickening had been reduced due to the antioxidant
properties of vitamins C& E which stabilizes the cell
membranes and thus reduces the congestion (Figs 3&4).
Krohn et.al 2016, used selenium fortified lentil diet to
reduce arsenic induced atherosclerosis. 1> Researchers in
a study used sea buckthorn which is a rich source of
vitamins to prevent cardiovascular diseases. ¢ Shankar
et.al 2016, used curcumin a rich source of antioxidants
against sodium arsenite-induced renal and neuronal
oxidative damage in rats. ¥’ In addition to cardiovascular
diseases the cerebrovascular dysfunctions like stroke
have also been linked with consumption of arsenic
contaminated drinking water. * Arsenic mediated
toxicity is due to mitochondrial dysfunction, therefore the
resarchers suggested the investigation of mito-protective
antioxidants. '° Various scientists have investigated the
pathophysiological mechanisms of arsenic mediated
cardiovascular disorders and have proposed measures to
prevent the injuries inflicted by arsenic. 2° The
antioxidant role of Vitamins C and E had also been
studied by various workers, this study evaluated the
potential of these vitamins to avert the oxidative stress
which steered towards vascular dysfunction triggered by
arsenic.

This study concludes that the sodium arsenate
initiated the renal vascular endothelial thickening and
leakage by oxidative stress which predisposes the
vasculature to atherosclerosis leading to hypertension
and cardiovascular diseases. Vitamins C & E forfended
the damaging effects of arsenic. Vascular disorders can
be prevented at an early stage of development by
providing the safe drinking water and vitamin
supplementation.
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