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Abstract

Aims: The aim of this study was to determine the toxicity of the copper sulfate, zinc sulfate and vitamin D3 for two periods (45 days
and 90 days) on brain of rats.

Methods: Dixon's method was used for the estimation of median lethal doses (LDsp). Survival and mortality number for each dose
have been noted after 24 hours. Following the determination of the median lethal doses (which were 637 mg/kg. 2.4 g/kg and 13.74
mg/kg b. w. for copper sulfate, zinc sulfate and vitamin D3 respectively) seventy rats were divided into seven groups and housed in
same environment cages. The seven treatment groups were divided into group | (the control group) while group Il, 111, 1V, V, VI and
VII were subdivided depending on the dosing regimen, the rats in the second group (Group I1) (receiving copper sulfate 1/10 LDs),
third group (Group 11) (receiving copper sulfate 1/20 LDsg), forth group (Group V) (receiving zinc sulfate 1/10 LDsp), fifth group
(Group V) (receiving zinc sulfate 1/20 LDs), sixth group (Group VI) (receiving vitamin D3 1/10 LDsp), and finally, seventh group
(Group VI1) (receiving vitamin D3 1/20 LDsy).

Results: Histopathological examination of brain tissue in group Il & group Il showed congestion of small blood vessels (B.V.). The
brain tissues in group IV and group V showed congestion of small B.V. with edema. Group VI and group VII shows aggregation of
mononuclear cells in small foci in the brain. Copper-induced toxicity (1/20 of LD s5p) changes in the brain were less pronounced in rats
treated with copper (1/10 of LD ), the case similar in groups that treated with zinc or vitamin D, compared to rats of control group.

Conclusion: In the present investigation the vitamin D3 has been found to be more toxic than copper sulfate or zinc sulfate based on
the median lethal doses (LDso) values. This study shows that both these trace heavy metals (copper sulfate and zinc sulfate) along with
vitamin D3 can be toxic to organisms at higher levels.
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Introduction The groups of study

Small levels of vitamins and minerals are present in organisms Seventy female albino rats, Rattus norvegicus, ten rats in each
and are mostly necessary for health, survival, and production, group, involved in the experiment (sub chronic), as following.
as a result of their participation in the structural, catalytic, and

regulatory roles of animal, human and several other organisms Group |: This group was regarded as a negative control group.
(1). Essential nutrients cannot be made or synthesized in the

human and animal body (organisms), either at all or in Group I1: A dose of 63.7 mg/kg. b. w. (1/10 LDs) of copper
insufficient amounts, therefore must be obtained by the diet sulfate was administered orally to each rat. After 45 days, five
(2). The vitamins and minerals supplements are products that rats were sacrificed, and after 90 days, the other five rats were
contain all necessary concentrated nutritional ingredients (3). also sacrificed.

The dietary supplements are used to enhance the diet and to

compensate for any deficiency in essential nutrients in the body Group I11: A dose of 31.85 mg/kg. b. w. (1/20 LDso) of copper
(4). Furthermore, instances of supplement toxicity have been sulfate was administered orally to each rat. After 45 days, five
documented  subsequent to  misinterpreting  medical rats were sacrificed, and after 90 days, the other five rats were
recommendations (5). There have been more recorded also sacrificed.

occurrences of dietary supplement poisoning, which is
probably due to the lack of public information regarding
appropriate dosage (6). Overuse of nutritional supplements can
cause some health problems (7). Furthermore, the majority of

Group IV: A dose of 0.24 g/kg.bw (1/10 LDsy) of zinc sulfate
was administered orally to each rat. After 45 days, five rats
were sacrificed, and after 90 days, the other five rats were also

ruminant mineral deficits are associated with zinc and copper sacrificed.
(8). Because vitamin D3 is fat soluble, an excess of it can build Group V: A dose of 0.12 g/kg. b. w. (1/20 LDsp) of zinc
up in the body and become poisonous (9). Last years, due to sulfate was administered orally to each rat. After 45 days, five
improper and excessive use of minerals and vitamins, this rats were sacrificed, and after 90 days, the other five rats were
study evaluated and ascertained the toxicity of these also sacrificed.
minerals—zinc and copper—as well as vitamin Ds in rats as
they are widely used, especially after the outbreak of the Group VI: A dose of 1.374 mg/kg (1/10 LDsp) of vitamin D3
COVID-19 pandemic (corona virus) (10). was administered orally to each rat. After 45 days, five rats
Ani \ . were sacrificed, and after 90 days, the other five rats were also
nimals' housing .

sacrificed.
From a private animal center in Abu Ghraib, Baghdad, Iraq,
healthy mature female albino rats weighing between 150 and Group VII: A dose of 0.687 mg/kg (1/20 LDso) of vitamin D
210 g aged three months on average were taken. After was administered orally to each rat. After 45 days, five rats
adaptation for a period of 14 days at the new environment, two were sacrificed, and after 90 days, the other five rats were also
experiments were conducted, in the first experiment, the lethal sacrificed.
doses (LDsp) were determined according to the Dixon’s method
(12). In the second experiment (sub chronic), seventy rats were Ethical approval

randomly split into seven groups (10 rats per group) and
housed in cages (five animals per cage).
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The experiments were done according to the general rules and
affirmed by the ethics of animal use in research committee of
the College of Veterinary Medicine, University of Baghdad,
under the animal utilization protocol certificate P-G/2467, June
11, 2023.

Making stock solutions and dosages

A concentration of 1 g of copper sulfate was used to make the
stock solution. It was subsequently diluted with 78.49
milliliters of distilled water (D.W.) to yield a final dosage of
either 0.25 milliliters (1/20 LDsp) per 100 grams of rat body
weight (b. w.), or 0.5 milliliters (1/10 LDsp) per 100 grams of
rat body weight (b. w.), likewise, a stock solution containing
4.8 g of zinc sulfate was made and diluted with 100 ml of
distilled water (D.W.). As a result, the final dosage was
determined to be either 0.5 ml (1/10 LDsg) per 100 g of rats'
body weight (b. w.), or 0.25 ml (1/20 LDsp) per 100 g of rats'
body weight. The vitamin D3 solution was a pre-made solution
with a concentration of 10,000 1U/ml, or 1 milligram every 4
milliliters. Here, one rat weighing 100 grams requires 0.55
milliliters of this concentration, or 1/10 LDsy or 0.275
milliliters, or 1/20 LDs.

Residual concentration of copper sulfate and zinc sulfate in
the brains

The amounts of copper sulfate and zinc sulfate, that present in
the brains were measured.

Tissue preparation and digestion

Rats were sedated with chloroform around twenty-four hours
after the last dose receiving of copper sulfate and zinc sulfate.
The brains of the rats were promptly removed, and two grams
of each tissue were then frozen at -20 °C to determine the
amounts of copper sulfate and zinc sulfate. Samples were
allowed to defrost in an oven before being subjected to 3 ml of
H,SO,4 (99.5 %) and 1.5 ml of perchloric acid (62%). After
that, samples were kept at ambient temperature for 24 hours
and heated to 45 °C on a sand bath for six hours. This was done
in preparation for the measurement of copper sulfate and zinc
sulfate. After filtering the tissue homogenate, the volume was
changed to 25 milliliters. Once more, combine the solutions
and dilute to 25 milliliters. Then, measure the sample
absorbance in 10-millimeter cells using a reagent blank.
Following that, the levels of copper sulfate and zinc sulfate in
the digested tissues were measured using atomic absorption at
UV-240 using quartz cells.

Histopathological Examination

The procedures of Bancroft (12) were followed for the
histopathological observations. The  brains' samples of rats
were fixed in 10 % natural buffer formalin, then dehydrated in
70, 80, 90 and 100 subsequent concentrations of ethanol,
cleared in two steps of xylol and embedded in three steps of
molted paraffin (58 °C), and sectioned by microtome in 5
mm and stain by hematoxylin and eosin stain for
microscopic examination (13, 14). Hematoxylin-eosin-stained
slides were studied under an optical microscope (Olympus
microscope) for evaluating the histopathological changes
caused by toxic doses of different compounds in the brains of
rats.
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Statistical analysis

To find the discrepancies between the various outcomes, a
statistical analysis was performed on the results. Using the
Windows SPSS (Version 19) statistical program, the sample
methods were evaluated using the ANOVA test and the mean
(Mean % S.D.) was found. Significant values were defined as P
<0.05 (15).

Results

Determination of median lethal doses of copper sulfate, zinc
sulfate, and vitamin D3

The median lethal doses (LDso) came out to be 637 mg/kg. b.
w., 2.4 g/kg b. w., and 13.74 mg/kg b.w. for copper sulfate,
zinc sulfate, and vitamin Ds, respectively.

Residual concentration of copper sulfate and zinc sulfate in
the brains

They concentration of copper sulfate was significantly
increased in both groups and after both periods, especially in
group Il, which reached to 2.949+0.434 as compared with
control group 2.106+0.333 (Table 1). After 90 days, the
concentrations of zinc sulfate in the brain increased
significantly in both groups, particularly in group IV, which
had a concentration of 8.768+0.942, compared to 6.007+0.626
in the control group (Table 2).

Table 1. Shows the concentrations of copper sulfate in rats’
brain tissue after two periods (45 days & 90 days) of sub
chronic toxicity with copper sulfate.

Copper pmol/g Copper pmol/ g

Groups After 45 days After 90 days
B C

Group | 1.54+0.33 2.106+0.333
A B

Group Il 2.732+0.38 2.949+0.434
A A

Group Il 2.3331£0.42 2.672+0.567

LSD 0.520267 0.495922

Letters indicate statistical significance among groups.

Table 2. Shows the concentration of zinc sulfate in rats’ brain
tissue after two periods (45 days and 90 days) of sub chronic
toxicity with zinc sulfate.

Zinc umol/L After | Zinc pmol/L After
Groups 45 days 90 days
Group | B B
6.742+0.571 6.007+0.626
Group IV A A
7.993+0.667 8.768+0.942
Group V A A
7.874+0.746 8.298+0.745
LSD 0.699998 0.977964

Letters indicate statistical significance among groups.

Histopathological examination of brain

1.Histopathological sections of groups treated with copper
shows different lesions. After 45 days, group Il (1/20 LDsp)
shows normal structure of glial cells with mild congestion of
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blood vessels (B.V.) (Fig. 1:A). After 90 days, cerebrum shows
the aggregation of mononuclear cells (MNC), mostly
lymphocytes and slight macrophages in small-foci (Fig. 1:B).
The lesions of group Il, after 45 days shows sloughing of
ependymal cells (Fig. 1:C), after 90 days characterized by
congestive small B.V. with edema (Fig. 1:D).

Fig. 1. Histopathological sections of brain tissues of rats
treated with copper (group Il and group IlI). (A) Cerebrum
cortex shows mild congestion of B.V. (red arrow) (H&E
X100). (B) Shows the aggregation of inflammatory cells,
mostly lymphocytes and slight macrophages in small-foci (blue
arrow) (H&E X400). (C) The ventricle of brain shows the
sloughing of ependymal cells (red arrow) (H&E X400). (D)
Congestion of small B.V. with cytotoxic edema (black arrow)
(H&E X400).

2.Histopathological sections of the brain for groups treated
with zinc sulfate shows B.V. congestion and edema appear
after 45 days, this lesion being more clearly after 90 days in
both group IV and group V (Fig. 2: A, B, C, D).

Fig. 2. Histopathological sections of the brain tissues of rats
treated with zinc sulfate (group 1V and group V). (A) Brain
shows congestion of small B.V. with edema (black arrow)
(H&E X200). (B) Brain shows congestion of small B.V. with
cytotoxic edema (black arrow) (H&E X200). (C) Brain shows
congestion of small B.V. with cytotoxic edema (black arrow)
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(H&E X400). (D) Brain shows congestion of small B.V. with
cytotoxic edema (black arrow) (H&E X400).

3.Histopathological sections of the brain tissues of rats treated
with vitamin D3 shows aggregation of proliferating microglial
cells referred to as a microglial nodule appear after 45 days in
group VI (Fig. 3:A), with edema clearly after 90 days in both
group VI (Fig. 3:B) and group VII (Fig. 3:C, 3:D).

Fig. 3. Histopathological sections of brain tissues of rats
treated with vitamin D3 (group VI and group VII). (A) Shows
aggregation of proliferating microglial cells referred to as a
microglial nodule (black arrow) (H&E X200). (B) Shows
congestion of small B.V. with edema (black arrow) (H&E
X400). (C) Shows congestion of small B.V. with cytotoxic
edema (black arrow) (H&E X400). (D) Shows congestion and
cytotoxic edema of B.V. (black arrow) (H&E X400).

Discussion

Cerebral cells showed, congestion, and infiltration of
inflammatory cells. Hashem et al. proposed that prolonged or
high doses of copper may impair function and intensify
intoxication (16). Copper 's harmful effects may be the cause of
brain damage (17). Low or high copper levels cause a loss of
the mitochondrial membrane potential and ultrastructural
alterations in brain mitochondria (18). Given that mitochondria
are a primary target of copper, may potentially become
pertinent in cases of acute or chronic copper overdose (19).
Zinc concentration rises due to the dissolution of loosely bound
zinc from metalloproteins, which are necessary to maintain the
quantity of zinc in the brains, by brain damage- mediated
oxidative stress (20). Increased intracellular zinc acts as an
ionic regulator of excitotoxic neuronal damage (21). Increased
intracellular zinc is excessively taken up and stored by
intracellular organelles such as mitochondria, lysosomes, and
the endoplasmic reticulum. It could alter the permeability of
the blood-brain barrier and enter the brain, severely affecting
the functioning of the nervous system. (22). Toxic effects of
prolonged exposure to vitamin D3 are due to disturbing the
calcium and phosphorous homeostasis and leading to
histopathological changes in vital organs (23).

Conclusion
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According to the literature and our findings, exposure to zinc,
copper and vitamin D3 especially at higher doses, may produce
toxic effects on various tissues and organs including the brain.
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