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ABSTRACT

Zinc is an essential nutritional trace element
whose activity promotes various vital functions in
the body. Further, vitamin E, a-tocopherol, is a
potent antioxidant against oxidative stress and
changes in tissue mineral content. Thus, the present
study was aimed to investigate the beneficial role of
vitamin E in improving zinc tissue concentration in
rats fed a zinc-deficient diet. Forty pregnant rats
were equally divided into four animal groups
(n=10), received respectively, adequate zinc-diet
(54mg/kg diet; Control G1); zinc-deficient diet
(Img/kg; G2); adequate zinc plus vitamin E sup-
plemented diet (54mg zinc + 500mg vitamin E/Kg;
G3); and zinc-deficient diet plus and vitamin E
(Img zinc + 500mg vitamin E/kg; G4) over 21
days. Zinc deficiency caused decreased body
weight gain, food intake, and concentration of zinc
in kidney, liver, and femur tissues excluding the
pancreas. Consequently, the insufficiency of dietary
zinc levels in pregnant rats decreases zinc tissue
concentration in the placenta and fetus.
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INTRODUCTION

Trace elements or trace minerals are essential-
ly found at low concentrations in nature and living
organisms (less than 0.01% of the organism
weight), although of their importance in various
physiological and metabolic processes occurring
within living tissues [1-3]. Zinc is one of the most
important trace elements contributing to some mo-
lecular structures in the body, including enzymes
(cofactor for over 300 enzymes) and nearly 2000
transcription factors [ 4], in addition to many bio-
logical functions (eg, protein synthesis, cell division
and nucleic acid metabolism [5]). Additionally, zinc
promotes fertility, embryo development, fetal matu-
ration, child growth, intellectual development and
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immunity, healing, and maintenance of the bone
matrix [6].

It also acts as an efficient antioxidant in the
non-enzymatic cell structures and leads to delay in
the antioxidant protein induction, such as metal-
lothioneins [7, 8]. Several previous studies have
reported a direct relationship between zinc defi-
ciency, fetal growth restriction, and fetal malfor-
mations [9], evidencing thus that the preservation of
zinc balance is of critical importance in avoiding
the possible consequences of low zinc levels on
pre- and post-natal life. Insufficient quantities of
zinc during embryogenesis may influence the final
phenotype of all organs. Maternal zinc restriction
during pregnancy influences fetal growth, while
adequate zinc supplementation during pregnancy
may result in a reduction of the preterm birth risk
[10].

It has been reported also that some pathophys-
iological conditions resulting in oxidative stress-
mediated reactive oxygen species (ROS) generation
are able to alter the zinc tissue concentration, as
well as obesity can cause zinc deficiency, and sub-
sequently oxidative tissue damages, and cell death
and diseases accompanied by alterations in the anti-
oxidant defense systems [11,12].

The latter include enzymatic antioxidants (e.g
catalase, superoxide dismutase, and glutathione
peroxidase) and non-enzymatic antioxidants evi-
denced mainly by glutathione; an abundant peptide
that can be oxidized by glutathione peroxidase can
be effectively deactivated. In addition, some natural
exogenous substances like tocopherols (vitamin E),
carotenoids, ascorbic acid, flavonoids, and tannins
are considered as efficient non-enzymatic able to
attenuate the oxidative stress effects [13,14].

Vitamin E is a powerful antioxidant scaveng-
ing free radicals (FR), and was first discovered in
1922 as a vital substance for reproduction, and
accordingly, it was extensively studied and has
become widely used owed to its powerful lipid-
soluble antioxidant and anticancer activity. The
biological activities of vitamin E, including roles in
anti-proliferation, anti-survival, pro-apoptotic, can-
cer anti-angiogenesis therapy, and anti-inflamma-
tion have been well documented. There are various
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reports on the benefits of vitamin E on health in
general [15].

However, up to now, the biological effect of
vitamin E on reproduction is poorly elucidated.
This paper was written to provide a review of the
known roles of vitamin E as an antioxidant in fe-
male reproductive health. Very limited research
studies investigating the effect of vitamin E on zinc
deficiency mediated oxidative tissue injuries in
experimental animals [16,17] have reported that
vitamin E supplemented diet is effectively able to
reduce the effect of zinc deficiency resulting in
oxidative tissue damages via free radicals genera-
tion causing oxidation of cell macromolecules (li-
pids, proteins, and nucleic acids). Therefore, the
present study was designed to investigate the bene-
ficial effect of dietary vitamin E on zinc tissue
concentration in zinc-deficient pregnant albino rats.

MATERIALS AND METHODS

Animals. Forty adult female albino rats
weighing between 180 and 210g were used. The
animals were obtained from the Pasteur Institute of
Algiers, Algeria. They were housed in polypropyl-
ene cages with free access to food and water and
maintained during two weeks before the study at
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room temperature (22 £ 2°C), relative humidity of
40%, and 12/12 hour light/dark cycle. All experi-
mental procedures were approved by the Animal
Care Committee and Ethics Committee of our insti-
tution (AFRO. No 478, 2009).

Experimental Design. Animals were used at
the pregnancy stage and divided equally into 4
groups as the control group and treated groups:
Group 1 (G1), rats fed a diet containing adequate
zinc level (54mg zinc/kg diet, control group); group
2 (G2), rats fed on a zinc-deficient diet (Img zinc/
kg diet) [18]; group 3 (G3), rats fed vitamin E plus
adequate zinc supplemented diet (54mg zinc +
500mg of vitamin E/kg diet) [8]; group 4 (G4), rats
fed zinc-deficient diet plus vitamin E (500mg vita-
min E/kg and 1mg zinc/kg) [19]. Bodyweight and
food intake of control and experimental rats were
measured every day during the last ten days of the
experimental treatment. Thereafter, animals of all
groups were sacrificed by decapitation and subse-
quently, liver, kidney, pancreas, femur, fetus, and
placenta were immediately removed, washed in 9 %
sodium chloride solution (NaCl), weighed, and
dried at 80°C for 16 hours for determination of zinc
tissue concentration.

FEB

TABLE 1
Body weight gain (g) and food intake (g diet/ day) in control and experimental groups.
Gl G2 G3 G4
Body weight gain Mean + SD
) 16,39+ 11,31+ 17,1+ 14,96+
0,97 1,48 0,85 NS 1,38"
Food intake 21,87+ 18,05+ 21,32+ 20,36+
(g/d) 1,71 1,217 1,886 NS 1,06

G1: Control diet rats (54mg zinc/kg diet); G2: Zn- deficient rats (1mg zinc/kg diet); G3: adequate zinc + vitamin E (54mg
zinc + 500mg vitamin E/kg diet); G4: zinc deficient diet + vitamin E (1mg zinc + 500mg vitamin E/kg diet) (n= 10
rats/group).
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FIGURE 1
Bodyweight gain in pregnant rats
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FIGURE 2

Food intake in control and experimental pregnant rats

Determination of Zinc Tissue Concentra-
tion. The dried organs were dry-mineralized in a
muffle furnace at 458°C for 48 hours. Then, sam-
ples were washed, dissolved in 10 ml of 1 M
HNO3, and filtered using filter paper (Whatman
No. 542). The tissue zinc content in the prepared
mineralizes (after dilution with HNO3) in the sam-
ples (after dilution wither distilled water) were
measured by atomic absorption spectrophotometry
(ICP-AES) at Materials Research Unit, Nano-
materials and Ecosystems, Faculty of Sciences of
Bizerte, University of Carthage (Tunisia) as de-
scribed elsewhere [20]. The obtained values of zinc
concentration were compared with a standard
guideline of zinc nitrate concentration (1 mg/ml)
provided in the same conditions.

Statistical analysis. The data were given as
Mean + SD and pairwise comparisons were tested
for statistical significance by unpaired Student’s t-
test. Statistical tests were performed using Minitab
software (Ver, 14, 0) where p < 0.05 was consid-
ered significant [21].

RESULTS

As shown in Table 1, Figure 1 and 2, body
gain and food intake were highly significantly de-
creased (P <0.0001) in rats fed a zinc-deficient diet
(G2) as compared with control-diet (G1), since rats
fed zinc deficiency and vitamin E supplemented
diet (G4) revealed significant increase (P <0.05) in
these parameters as compared with rats fed zinc
deficiency diet (G2).

Table 2 and Figure 3 revealed a highly signifi-
cant decrease (P <0.0001) in zinc liver concentra-
tion of rats fed zinc No significant difference was
noticed in rats fed a normal diet plus vitamin E
(G3) and those fed zinc deficiency diet plus vitamin
E (G4).

Zinc tissue concentration showed a highly sig-
nificant (P<0,0001) decrease in rats fed a zinc defi-
ciency diet, a long with a highly significant increase
in the group treated with a normal diet and supple-
mented with the control diet-rats. No significant
difference between control group(G1l) and G3 was
noticed (Table3, Figure4).
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FIGURE 3
Zinc tissue concentration in the liver

TABLE 2

Fresh and dry liver weights (g), water content (%), and tissue zinc concentration (ug / g) in the liver of
control and experimental groups.

Liver

Gl

G2

G3 G4
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Mean + SD

Fresh weight () 3,552+ 4,486 3,57+ 3,31+
0.46 0.34™ 0.37 NS 0.29 NS

Dry weight 1,001+ 1,352+ 0,98+ 0,99+
(9) 0,22 0,28™ 0,22 NS 0,18 NS

Water content (%) 28,5+ 25,34+ 29,4+ 28,55+
0,69 0,69 1,20 NS 0,42 NS

Zinc tissue concentra- 60,64+ 41,64+ 62,2+ 59,39+
tion (pg/g) 1,36 1,59 2,43 NS 1,42 NS

G1: Control diet rats (54mg zinc/kg diet); G2: Zn- deficient rats (1mg zinc/kg diet); G3: adequate zinc + vitamin E (54mg
zinc + 500mg vitamin E/kg diet); G4: zinc deficient diet + vitamin E (1mg zinc + 500mg vitamin E/kg diet) (n= 10
rats/group).

TABLE 3
Fresh weight (g), dry weight (g), water content (%), and zinc tissue concentration (pg / g) in the kidney of
control and experimental groups

Kidney
G1 G2 G3 G4
Mean + SD
Fresh weight (g) 0,90+ 1,12+ 0,91+ 0,967+
0,05 0,117 0,05 NS 0,10 NS
Dry weight 0,20+ 0,39+ 0,22+ 0,20+
(9) 0,12 0,05 0,01 NS 0,03 NS
Water content
(%) 28,33+ 26,18+ 30,2+ 28,4+
0,99 0,25™ 1,89" 2,26 NS
Zinc tissue concentra-
tion (ug/g) 164,6+ 84,87+ 183,8+ 165,9+
5,56 4,36 3,807 6,45 NS

G1: Control diet rats (54mg zinc/kg diet); G2: Zn- deficient rats (1mg zinc/kg diet); G3: rats fed on diet composed of ade-
quate zinc level + vitamin E (54mg zinc + 500mg vitamin E/kg diet); G4: rats fed on zinc deficiency diet + vitamin E (1mg
zinc + 500mg vitamin E/kg diet) (n=10 rats / group).
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FIGURE 4

Zinc tissue concentration in the kidney
TABLE 4

Fresh weight (g), dry weight (g), water content (%), and zinc tissue concentration (ng / g) in the pancreas
of control and experimental groups
Pancreas
Gl G2 G3 G3
Mean + SD
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Fresh weight (g) 0,59+ 0,48+ 0,68+ 0,64+
0,03 0,075 0,175 NS 0,15 NS
Dry weight (g) 0,41+ 0,33+ 0,48+ 0,45+
0,04 0,04™ 0,13 NS 0,15NS
Water content 61,41+ 58,65+ 69,4+ 55,92+
(%) 1,44 3,327" 1,75 3,45™
Zinc tissue concentration 50,62+ 146,3+ 62,67+ 52,07+
(H9/g) 2,32 3,54 2,327 6,68 NS

G1: Control diet rats (54mg zinc/kg diet); G2: Zn- deficient rats (1mg zinc/kg diet); G3: adequate zinc + vitamin E (54mg
zinc + 500mg vitamin E/kg diet); G4: zinc deficient diet + vitamin E (1mg zinc + 500mg vitamin E/kg diet) (n= 10
rats/group).
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FIGURE 5
Zinc tissue concentration in the pancreas

TABLE 5
Fresh weight (g), dry weight (g), water content (%), and zinc tissue concentration (ng / g) in the femur of
control and experimental groups

Femur
G1 G2 G3 G4
Fresh weight Mean *SD

)] 0,89+ 1,109+ 1,01+ 0,91+
0,07 0,30 0,26 NS 0,04 NS

Dry weight 0,61+ 0,764+ 0,63+ 0,60+
(9) 0,06 0,07 0,02 NS 0,04 NS
Water content 37,64+0,91 72,77+ 40,22+ 40,69+
(%) 4,707 1,98 2,26

Zinc tissue concentra-  157,6+3,67 90,78+ 156,9+ 170+
tion (ug/g) 3,627 1,19 NS 8,56

G1: Control diet rats (54mg zinc/kg diet); G2: Zn- deficient rats (1mg zinc/kg diet); G3: adequate zinc + vitamin E (54mg
zinc + 500mg vitamin E/kg diet); G4: zinc deficient diet + vitamin E (1mg zinc + 500mg vitamin E/kg diet) (n= 10
rats/group).
TABLE 6
Fresh weight (g), dry weight (g), water content (%6), and zinc tissue concentration (ng/ g) in the fetus of
control and experimental groups
Fetus
Gl G2 G3 G4

Mean = SD
Fresh weight (g) 3,56+0,45 1,99+0,29™ 3,3+0,43 NS 3,85+0,46 NS

4988



Volume 30— No. 05/2021 pages 4984-4993 Fresenius Environmental Bulletin ﬁ
L
Dry weight (g) 1,2+0,04 0,10+0,02"" 1,05+0,30 NS 1,58+0,05™"
Water Content (%) 20,43+2,29 40,52+1,69™" 22+3,14 NS 21,82+1,55
NS
Zinc tissue concentra-  138,63+1,70 88,03+4™" 140,60+2,03* 42,37+2,88™
tion (Mg/g)

G1: Control diet rats (54mg zinc/kg diet); G2: Zn- deficient rats (1mg zinc/kg diet); G3: adequate zinc + vitamin E (54mg
zinc + 500mg vitamin E/kg diet); G4: zinc deficient diet + vitamin E (1mg zinc + 500mg vitamin E/kg diet) (n= 10
rats/group).
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Zinc tissue concentration in the femur
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Zinc tissue concentration in the fetus

TABLE 7
Fresh weight (g), dry weight (g), water content (%), and zinc tissue concentration (ug / g) in the placenta
of control and experimental groups

Placenta
Gl G2 G3 G4
(Mean + SD)
Fresh weight (g) 1,08+0,13  1,12+0,15 NS 1+0,23 NS 0,99+0,29 NS
Dry weight(g) 0,84+0,06  0,77+0,10NS  0,81+0,02 NS 0,09+0,02™*
Water content (%0) 70,94+1,14 74,4545,84 NS  72,39+1,98 NS 70,47+2,19 NS
Zinc tissue concnetration 190,545,96  92,65+6,14™"  193,9+4,80 NS 187,145,52 NS

(Lg/9)
G1: Control diet rats (54mg zinc/kg diet); G2: Zn- deficient rats (1mg zinc/kg diet); G3: adequate zinc + vitamin E (54mg
zinc + 500mg vitamin E/kg diet); G4: zinc deficient diet + vitamin E (1mg zinc + 500mg vitamin E/kg diet) (n= 10
rats/group).
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FIGURE 8
Zinc tissue concentration in the placenta

As shown in Table 4 and Figure 5, a highly
significant (P<0.0001) decrease in zinc tissue con-
centration in the pancreas was observed in rats fed
zinc deficiency diet, and a highly significant in-
crease in rats receiving adequate zinc diet plus
vitamin E as compared with the control diet rats.
No significant difference in zinc concentration was
noticed in a zinc-deficient diet plus vitamin E.

A highly significant (P <0.0001) decrease in
zinc concentration in the femur was noticed in rats
fed zinc deficiency diet (G2) as compared with
control diet rats (G1), whereas no significant differ-
ences were noticed in rats fed adequate zinc level
with vitamin E supplemented diet (G3) and those
fed zinc deficiency diet plus vitamin E (G4) (Table
5, Figure 6).

Table 6 and Figure 7 reveal a highly signifi-
cant (P <0.0001) decrease in zinc tissue concentra-
tion in the feetus of rats fed a zinc deficiency diet
(G2) as compared with control diet rats. No signif-
icant difference was noticed in rats fed an adequate
zinc diet plus vitamin E (G3) and those fed zinc
deficiency diet plus vitamin E (G4).

The results shown in Table 7 and Figure 8 re-
veal a highly significant (P<0.0001) decrease in
zinc tissue concentration in the placenta of rats fed
a zinc deficiency diet (G2) as compared with con-
trol-diet rats (G1), since rats fed a combination of
adequate zinc and vitamin E (G3) and those fed
zinc deficiency diet plus vitamin E did not show
any significant differences.

DISCUSSION

Owing to the importance of nutritional zinc in
fetal development, growth, and immune function,
zinc insufficiency in food during pregnancy may
lead to serious teratogenic effects which can be
effectively reduced by exogenous antioxidants,
including vitamin E [22, 23].
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Therefore, the present study was devoted to
investigating the beneficial role of vitamin E sup-
plemented diet in attenuating the effect of zinc
deficiency on zinc tissue concentration in the main
target organs of pregnant female rats. In this study,
a marked decrease in body weight gain and food
intake was noticed in rats receiving zinc-deficiency
diet (G2) as compared with those fed adequate
dietary zinc (G1) and, in this regard, the same find-
ings were previously reported [24, 25].

Furthermore, zinc deficiency is able to induce
anorexia in humans and animals through the central
role of zinc in activating many enzymes involved in
the synthesis and breakdown of biologically active
peptides commonly known as neuropeptides, con-
tributing to the regulation of food intake [26-28].

Also, the pituitary gland modulating food in-
take receives metabolic signals and, subsequently
transmits them to other target peripheral tissues or
organs [29, 30]. Zinc deficient diet in many animal
species leads to serious digestive disorders associ-
ated with lack of appetite, bodyweight loss, and
growth retardation resulting mainly from the deteri-
oration of taste and smell [31, 32].

On the other hand, vitamin E-treated pregnant
rats were found to increase food intake and body
weight [33]. In the present study, zinc deficiency
caused a marked decrease in zinc concentration in
the main target organs: liver, kidney, and femur.
This finding is in line with that found by [34] and
[35] suggesting the strong relationship of the zinc
concentration in tissue and the diet.

Unlike other organs, the pancreas showed an
increase in zinc tissue concentration proving thus
its high sensibility to variation in zinc dietary intake
[36]. Herein, the experimental animals exhibit an
effective mechanism for retaining zinc from the
body through homeostatic reaction according to the
increased needs of low zinc dietary intake. This
mechanism leads to increased zinc tissue concentra-
tion in the pancreas of zinc-deficient diet, although
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its concentration is fifty times lower than that in
rats fed a normal diet.

It is well-documented, that animals and hu-
mans receiving low dietary minerals are often able
to retain zinc and other minerals found in some of
their tissues, even in the state of severe deficiency
[37]. The results revealed also a significant increase
in the concentration of zinc in the studied organs of
pregnant rats receiving adequate zinc and vitamin E
supplemented diet. This is in agreement with the
results of [38] who proved the effect of vitamin E in
improving zinc tissue concentration in tests in lead
intoxicated rats.

Conversely, zinc deficiency showed a signifi-
cant decrease in zinc tissue concentration in the
placenta and fetus of pregnant rats in comparison
with those fed a normal zinc diet (G1), and this may
be related to the low maternal zinc received by
fetus and placenta under dietary zinc deficiency
[35]. Other studies have shown that maternal zinc
deficiency has long-term effects on the growth,
immunity, and metabolic state of offspring [39, 40].
Additionally, previous studies using experimental
animals such as rats, mice, pigs, and ewes showed
that severe zinc deficiency increases fetal death due
to spontaneous abortions or multiple birth defects
[41], including organ malformations evidenced by
abnormal synthesis of nucleic acids and proteins,
decreased cell growth and morphogenesis, abnor-
mal tubulin polymerization, chromosomal defects
and excessive lipid peroxidation of cell membranes.

CONCLUSION

Conclusively, vitamin E has effectively im-
proved body weight loss, decreased food intake,
and zinc tissue concentration in liver, kidney, fe-
mur, placenta, and fetus in zinc-deficient rats.
Thus, a zinc-deficient diet proved to be able to
disrupt growth rate, dietary intake, and zinc status
in vital tissues of pregnant rats, meanwhile vitamin
E can act as a powerful antioxidant in attenuating
generation of free radicals leading to a decrease of
Intracellular zinc concentration.
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