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The trace element zinc is essential for the construction and
function of cellular proteins. The current study aimed to es-
timate the improved cause of zinc on the changes resulting
from high concentrations of cholesterol. In this experiment,
thirty male rats aged 3-4 months were randomly divided into
three groups of ten rats each. Control group: the animals did
not receive any treatment, cholesterol group: the animals
received cholesterol at a concentration of 400 mg/kg mixed
with diet for 4 weeks, while in the zinc group: rats received
cholesterol at a concentration of 400 mg/kg for 4 weeks, then
zinc was given 20 mg/kg for another 4 weeks. The study
period was 56 days, after its completion, hematological and
biochemical parameters were studied, in addition to the histo-
logical examination of the liver. The results showed that cho-
lesterol treatment alone led to significant negative changes in
hematological, biochemical and histological indices. Where-
as zinc administration to experimental rats resulted in clear
positive effects in those parameters. We concluded that the
cholesterol-damaged rats improved after receiving zinc.
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Resumen

El oligoelemento zinc es esencial para la construccion y fun-
cion de las proteinas celulares. El estudio actual tuvo como
objetivo estimar la causa mejorada de zinc en los cambios
resultantes de altas concentraciones de colesterol. En este
experimento, treinta ratas macho de 3 a 4 meses de edad se
dividieron aleatoriamente en tres grupos de diez ratas cada
uno. Grupo control: los animales no recibieron ningun trata-
miento, grupo colesterol: los animales recibieron colesterol
en una concentracion de 400 mg/kg mezclado con la dieta
durante 4 semanas, mientras que en el grupo zinc: las ra-
tas recibieron colesterol en una concentracion de 400 mg/
kg durante 4 semanas, luego se le administré zinc a 20 mg/
kg durante otras 4 semanas. El periodo de estudio fue de 56
dias, luego de su realizacion se estudiaron parametros he-
matoldgicos y bioquimicos, ademéas del examen histolégico
del higado. Los resultados mostraron que el tratamiento del
colesterol por si solo condujo a cambios negativos significati-
vos en los indices hematoldgicos, bioquimicos e histologicos.
Mientras que la administracion de zinc a ratas experimenta-
les resultd en claros efectos positivos en esos parametros.
Llegamos a la conclusién de que las ratas dafadas por el
colesterol mejoraron después de recibir zinc.

Palabras clave: Zinc, colesterol, parametros hematologicos,
higado.
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Introduction

Cholesterol can be defined as amphipathic lipids and thus
can be considered an essential structural component of the
outer layer of plasma lipoproteins?. It is found in tissues and
in plasma combined with fatty acids along the chain as cho-
lesteryl ester?3. Cholesterol hemostasis is pivotal for appro-
priate cellular function and disorders of cholesterol level un-
derlie a growing number of diseases such as heart diseases
and cancers*®. Recently, the consumption of unhealthy foods
has increased, especially those related to the intake of fat,
both in quality and quantity®. Numerous studies conducted
on laboratory animals as well as humans have demonstrated
that high intake of cholesterol and saturated fat causes an
increase in oxidative stress effort, which determines a dis-
turbance in the stability between antioxidant defenses and
free oxygen radicals in tissues™. The ability of free radi-
cals to cause damage to tissues and living cells increases
in the absence of defense mechanisms against them, which
are known as antioxidants'*2, Previous studies have also
demonstrated the effect of supplemental antioxidants such
as zinc in removing fat damage and oxidative stress*®. The
current experiment was designed to study the effect of high
cholesterol level on many hematological and biochemical
parameters in addition to the histological changes of the
liver. In addition to evaluating the improved effect of zinc on
those changes in male laboratory rats.

Materials and Method

Chemicals

Cholesterol product No. C8667, molecular formula: C,,H, O,
molecular weight: 386.7, manufactured by Sigma-Aldrich
(USA), was used. As for zinc, high strength Holland & Barrett
zinc tablets (UK) were consumed.

Rats and experiment design

Thirty adult male rats aged 3-4 months and weighing be-
tween 400 and 300 g were used in this research. They were
housed in cages within a designated room with the appropriate
conditions for animal husbandry, including food, temperature,
lighting and ventilation. The animals were randomly distributed
into 3 groups, each group containing 10 rats. Animals were
conditioned for one week, and then treated with experiment-
specific treatments for 56 days. The initial weights of the rats
were taken, and then they were dosed with the diet as follows:

- Control group: Rats fed a normal diet.

- Cholesterol group: Rats were dosed with cholesterol
mixed with a normal diet at a concentration of 400
mg/kg.

- Zinc group: They were fed a high-cholesterol diet of
400 mg/kg for 4 weeks, and then given zinc 20 mg/
kg for an additional 4 weeks.

After the experiment ended the animals were fasted for 24
hours, the animals were sacrificed and 2-5 ml of blood was

collected through cardiac puncture and placed in heparin-filled
tubes for blood tests, the rest were placed in anticoagulant-
free test tubes and left for 15 minutes in water baths at 37 °C.
The serum was then centrifuged at 3000 rpm and stored at
-20°C in flat plastic tubes until special biochemical tests were
performed. Then the liver was extracted and a part of it was
placed in the prepared formalin solution at a concentration of
10% until it was treated histologically. The parameters that
were evaluated included the following: complete blood picture,
serum biochemical parameters such as triglycerides, HDL
(high density lipoprotein) and LDL (low density lipoprotein).

Histological study

All slides be prepared using the procedure described by Car-
leton et al*4, in which liver tissue samples were collected, and
the following steps were performed on tissue: processing, be-
ginning with fixation, washing, dehydration, clearing, infiltrat-
ing, embedding, and finally trimming and sectioning. Then,
tissues were stained with hematoxylin and eosin dye. Next,
the slides were examined under an optical microscope paired
with a German-made MOTIC digital camera, which was used
for tissue imaging.

Statistical analysis

Graphs were performed in Prism v5.Ink software was used
for data analysis. All data were expressed as mean +standard
deviation and one-way analysis of variance ANOVA followed
by Duncan’s test to find out the differences among the study
groups with a significant difference at P. <0.05.

Results and discussion

The results showed that treating rats with cholesterol led to
a significant decrease at P<0.05 in the count of W.B.C com-
pared to the control rats, accompanied by a decrease in red
blood cells and hemoglobin concentration, but not significant-
ly. After they were dosed with zinc, a noticeable increase in
these blood parameters was observed. As for the volume of
packaged cells in cholesterol-treated rats, it was significantly
lower compared to the control group, but after being treated
with zinc, it increased clearly as shown in figure 1.
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Figure 1: Effect of cholesterol and zinc on: a) RBCs b) HB c) P.C.V d) WBCs in blood of laboratory animals. The data were presented as

mean * SD. High small symbols****** indicate significant intra-column differences at p < 0.05.
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Blood cells exposed to oxidative stress can sometimes un-
dergo hemolysis, which caused deposits of Heinz bodies to
form within the red blood cells that provoked their degrada-
tion and their number in the bloodstream'®'¢. This may ex-
plain what was done to rats treated with high doses of cho-
lesterol. Also, a decrease in blood components may occur

Figure 2: Effect of cholesterol and zinc on: a) triglycerides b) HDL c) LDL in serum of |
indicate significant intra-column differences at p < 0.0

mean + SD. High small symbols*™
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when their loss exceeds their production!”!®. Zinc treatment
improved negative changes in blood indicators, and the rea-
son for this is due to its antioxidant properties, as it contains
a group of elements that work to prevent the formation of free
radicals, which enters the formation of superoxide dismutase,
thus preventing oxidative stress?®®.
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On the other hand, there was a clear trend to increase the
concentration of triglycerides and LDL in the serum of choles-
terol-dose rats compared to control rats. As for zinc-treated
rats, a considerable decrease in their levels was demonstrat-
ed. On the contrary, a substantial drop in HDL concentration
was detected when comparing the cholesterol-consuming
group of animals to the control group. However, after receiv-
ing zinc, its level increased significantly, as shown in figure
2. This may be due to several explanations, including that
oxidative stress leads to a decrease in the activity of the en-
zyme lipoprotein lipase responsible for collapse triglycerides
or that active oxygen species leads to the inhibition of the
enzyme triglyceride lipase accountable for breaking down tri-
glycerides, leading to an increase in metabolism of dietary
fats and increase their levels in the blood?°?*.In general, LDL
is a prime carrier of cholesterol from the liver and into the tis-
sues, it has elevated cholesterol content, and the observed
increase in LDL level can be due to the increased malondi-
aldehyde (MDA) level. Whereas MDA oxidizes low-density
lipoproteins and diverts them to an oxidized form??. Low HDL
cholesterol may be caused by liver damage, or by high lev-
els of cholesterol, triglycerides, and LDL cholesterol, because
HDL'’s function is to reverse cholesterol transfer from tissues
to the liver. If concentrations of cholesterol and triglycerides
increase in tissues and blood vessels, this presents an obsta-
cle to reducing HDL'’s efficiency of cholesterol transport®24.
Our results in this study are consistent with several previous
studies that showed zinc supplementation reduces LDL and
triglycerides, as well as increases HDL levels®: 2.

Figure 3: Liver section from the control group showing normal
hepatic lobule consisting of normal hepatocytes, sinusoids and
central vein (yellow arrows) (H&E, Scale Bar= 100pm).

Figure 4: Liver section from the cholesterol group infiltration of
mononuclear inflammatory cells mainly lymphocytes (yellow
arrows) (H&E, Scale Bar= 50um).

Figure 5: Histopathological examination of liver tissue showing
an increase in the size of the hepatocytes showed fatty
degeneration (yellow arrows) associated with narrowing of the
sinusoids and containing many large fat vacuoles (red arrows)
(H&E, Scale Bar= 25um).

Figure 6: Liver section from the cholesterol group showing
blood vessel congestion (yellow arrows), severe narrowing of
sinusoids and marked nuclear pyknosis (red arrows), with pallor
cytoplasm due to cytoplasmic vacuolation (blue arrows) (H&E,
Scale Bar= 20pum).
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Figure 7: Liver section from the cholesterol group showing
marked hepatocellular necrosis (yellow arrows) as indicated by
the karyolysis (H&E, Scale Bar= 25um).
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Figure 8: Liver section of the zinc-treated group showing few
normal distributions of hepatocytes, central vein (yellow arrow)

and the blood sinusoids (blue arrows) (H&E, Scale Bar= 50pm).

Regarding histological findings, a normal hepatic lobule con-
sisting of normal hepatocytes, sinusoids and central vein was
seen in the hepatic tissue of control rats (figure 3). As for the
animals treated with cholesterol, they showed infiltration of
inflammatory lymphocytes (figure 4), and an increase in the
size of fatty degenerative liver cells (figure 5), in addition to
seeing vascular congestion accompanied by a cytoplasmic
vacuolation (figure 6). In addition, clear necrosis of hepato-
cytes (karyolysis) was also seen (figure 7). Whereas, zinc ad-
ministration to rats had an obvious improvement effect in liver
tissues, which seemed almost normal (figure 7).The liver has
a high detoxification capacity, which is required for the me-
tabolism and elimination of toxic chemicals, and exposure to
toxic substances can cause harmful tissue changes??8. Zinc
treatment increases the activity of enzymatic antioxidants
such as SOD, CAT, and A, as well as raising the level of ef-
fectiveness of non-enzymatic antioxidants such as GSH and
MT and thus reduce oxidative stress on liver tissue?%.

Conclusions

- Dosing cholesterol with high concentrations had a clear

I harmful effect on blood and liver tissues, as indicated by he-
matological, biochemical and histopathological indicators.
However, upon post-treatment with zinc supplements, most
of these adverse changes were evidently improved.
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