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ABSTRACT

This work aimed to study the effect of increasing zinc on
hematological, biochemical and immunological parameters in albino
rats. This study performed on 75 male albino rats, which divided into 3
equal groups (each one contains 25 rats). The first group (control group),
received no treatment. The second group received low dose of zinc,
100mg of zinc acetate/liter in drinking water for 3 months. The third
group received high dose of zine, 200mg of zinc acetate/liter in drinking
water for 3 months. Collection of blood samples and separation of serum
samples occurred at the end of the 1%, 2 and 3™ months of experiment
for hematological, serum biochemical and immunological analysis.
Administration of high dose of zinc (200mg) at the third group resulted
in, presence of anemia which was macrocytic hypochromic, also we
recorded decrease in total leukocyte count. Regarding serum
biochemical analysis we recorded, significant elevation in ALT, AST,
ALP and total bilirubin. On the other hand there were significant
decrease in total protein and albumin. High zinc level group showed
significant increase in MDA, SOD and catalase activity. IL iB and
lysozyme were significantly decreased. It concluded that high doses of
zinc revealed regenerative anemia together with significant undesirable
changes in serum biochemical and immunological parameters.

INTRODUCTION: brass. It is also used widely in

Zinc is an environmental
pollutant and omnipresent in the
environment (Weltje, 1998). Milli-
ons of tons of zinc metal are used
commercially, principally to galv-
anize iron and to manufacture

preservative treatment, fungicidal
action and medicine, etc. (Barceloux,
1999). Natural water supplies usu-
ally contain only trace amounts of
zinc, but the concentration may be
increased if the water flows



through galvanized, copper or
plastic pipes (Llobet et al., 1988).
It is well known that zinc is an
essential trace element and has
important biological functions that
control many cell processes
including DNA synthesis, normal
growth, brain development, beh-
aveioral response, reproduction,
fetal development, bone form-
ation, and wound healing
(Barceloux, 1999). Zinc defici-
ency results in growth retardation,
testicular atrophy, skin changes,
and suppressed appetite, etc.
(Prasad, 1991). Misunderstanding
the availability of zinc supple-
ments, lack of knowledge about
zinc toxicity and the ease with
which many preparations of zinc
salts can be obtained over the
counter in drug stores and in
health food stores, have led to zinc
supplements being widely used by
the public as self-medication at
unknown dosages (Sandstead,
1995). Some cases of intoxication
following ingestion of elemental
zinc in an attempt to promote
wound healing or control anger
were reported (Lewis and Kokan,
1998). Studies on rats have shown
that excessive dietary zinc in these
animals induces deficiencies of
copper and iron, retard growth and
anemia (Llobet et al., 1988).
These findings indicate that exce-
ssive intake of zinc supplements is
also a potential risk to humans.
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The present study was designed to
investigate the toxic effects of zinc
on the hematopoietic system,
biochemistry and immune system
function in rats.

2. MATERIALS AND METHODS:
2.1- Experimental design:
Experimental animals

Seventy five male albino

rats of Wistar strain (130+10 g, 10
to 12 weeks old) purchased from
Laboratory Animal institute in
Hellwan were used for the study.
Animals were fed with comm.-
ercially available standard and
balanced rat ration and water was
provided ad libitum. All animals
were acclimatized for 2 weeks
before experimentation.
Animals were randomly divided
into 3 equal groups (each 25 rat).
The first group was control group,
the second group received zinc as
zinc acetate at dose of 100mg/liter
in drinking water for 3 months
{Loba Chemie, India. Batch No. O
050404) and the third group
received zinc acetate at dose of
200mg/liter in drinking water for 3
months.

Blood samples were colle-
cted in heparinized tubes for the
estimation of RBCs count, hem-
oglobin content, PCV value, TLC
count and DLC of rats of different
groups after 1%, 2nd and 3™ month
of the experiment. Blood samples
were also collected in separate
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tubes and serum was separated for
biochemical and immunological
investtingations.

2.2, Hematological studies:

Erythrocytes, Hb, PCV,
MCV, MCH, MCHC, TLC and
differential leucocytic count were
performed by manual method
according to Jain (1986).

2.3. Biochemical studies:

Both ALT and AST active-
ities were assayed according to
Reitman and Frankel (1957)
using kits obtained from Quimica
Clinical Aplicada (Spain). Deter-
mination of ALP according to
Tietz (1976) using kites provided
by Scalvo diagnostic italy. Amy-
lase activity was assayed acco-
rding to Caraway et al., (1959)
using kits obtained from Scalvo
diagnostic Ialy. Total protein was
measured according to Young
(20601) by kits provided by Scalvo
diagnostic ltaly. Atbumin was ass-
ayed according to Dumas and
Biggs (1972) using kits obtained
from Scalvo diagnostic Italy.
Serum uric acid was determined
according Caraway (1963) using
kits obtained from Bio Analytics
USA. Creatinine was measured
according to Henry (1974) using
kits provided by Bio Analytics
USA. Total bilirubin determined
according to Wahlefeld et al
(1972) using kits obtained from
Bio Analytics USA. Calcium and
phosphorus were measured

according to Tiez (1976) using kits
obtained from Bio Analytics USA,
2.5. Oxidative stress studies:
MDA (Malondialdehyde),
catalase and SOD (super oxide
dismutase) activity were assayed
according to Sharma and
Wadhwa (1983); Cohen et al,
(1970) and Maral et al., (1977)
respectively using kits provided by
Biodiagnostic Egypt.
2.4. Immunological studies:
Measurement of level of
Interieukin-I beta according to
Chan and Perlstein (1987) by
kits purchased from Pierce Biote-
chnology, USA. Serum lysozyme
activity was assayed according to
Pary et al, (1965) using Kits
obtained from Sigma Aldrich, USA.
2.5, VI -Statistical Analysis:
Hematological, serum bio-
chemical and immunoiogical para-
meters were analyzed by analysis
of variance (ANOVA) using SPSS
16 for window. Two groups were
significantly different if P was
statistically lower than 0.05 Stati-
stical analysis was carried out with
one way NOVA test (Snedecor
and Cochran, 1982).

3. RESULTS:

3.1. Hematological resuits:
Administration of zinc

caused no changes in hemat-

ological parameters after the 1®
month, while after 2™ and the 3™
month there were significant
reduction in RBCs, Hb and PCV



in the 3™ group in compare with
control group. On the other hand
there was significant increase in
MCV value together with decrease
in MCHC value in the 3™ group in
compare with control group. Total
and differential leukocytic count

revealed no significant change
after the 1™ month in all treated

groups, but after the 2™ and 3"
month there were significant
decrease in WBCs, also showed
significant decrease in lympho-
cytes and significant increase in
neutrophils in the 39 group corn-
pared with control group tables (1-
4).

Table (1): Erythrogram in control, low zinc and high zinc groups (Mean
+ S.E.) after two months.

Parametes RBC Hb PCV MCV MCH | MCHC
& groups 10%L | g/dL % fl PE %

784+ 1387+ 40.7x 5190+ 177+ 3401z

control Q.17a 0.13a 0.67a 1.04¢ 0.22a 50.48a
1.7+ 13.74+ 3967+ 5179 17.59+ 34.69+

The 2™ group 0.56a 0.26a G.88a 4.99¢ 1.5a [.12a
417+ 7.63x 3533+ 85.0+ 1835+ | 21.58%

The 3™ group 0.17bc 0.32b 0.67b 289 0.82a 0.50b

The same Column not followed by the same letter differ significantly

(P<0.05)

Table (2): Erythrogram in control, low zinc and high zinc groups (Mean
+ S.E.) after three months.

Parameters RBC Hb PCV MCvV | MCH | MCHC
& groups 10%ulL g/dL % f pE %

8.27% 13,53+ 0.42a 41t 4958+ | 1637+ | 33.05:

conirol 0.16a 0.58a 0.88d 0.61a 1.44a
32+ 13.47« 400+ | 48.95% | 1648+ | 33.66x

The 2™ group | 0.3]a 0.29a 0.58a 2.31d 0.862 0.25a

3.932 6.83x 33.67¢ 85.7¢ 17.39+ 20.3

The 3™ group 0.7c 6.17b 0.67b 32b 0.63a 0.46b

The same Column not followed by the same letter differ significantly

(P<0.05).



Table (3): Leukogram in control, low zinc and high zinc groups (Mean
+ S.E) after two months.

Parameters TLC Neutroph. | Lymph, | Monocyt. Eosino, Basophil.
& groups 10°/pL 10 /uL 10°.L 10°4.L 16° /L | 10°/uL
10,044 3,60+ 6,624 0.06+ 0.0+ 0.00+
control 0.03a 0.23b 0.2a 0.02aa 0.01a 0.00a
987+ 327+ 6.55+ 0.04+ 0.01x 0.00x
The 2™ group | 0.13a 0.27h 0.23a 0.01a 001a 0.00a
872+ 4.71x 393 0.06+ 001+ 0.00z
The 3" group 0.15h 0.16a 0.07b 0.01a 0.0ia 0.00a

Table (4): Leukogram in control, low zinc and high zinc groups (Mean
=+ S.E) after three months.

Parameters & TLC Neutroph. Lymph. Monocyt. Eosino. Basophil.
groups 10°/ uL 10*/pL 10°/pL 10°/pL 100/ L | 10%/ 4L
9.67+ 317+ 6.75+ 0.05+ 0.04x 0.00+
contrel 0.67a 0.12b 0.46a 001a 0.01a 0.00a
10.0c 3.03 6.88+ 0.06+ 0.03z 0.00
The 2% group | (.29 0.03b 0.32a 0.02a 0.01a 0.00a
763 5.4 Iz .06 0.02+ 0.00+
The 3™ group 0.15¢ 0.0%a 0.15b 0.01a 0.00a 0.00a

3.2. Biochemical results:

There were no significant changes in ALT, AST, ALP, amylase,
TP, Albumin, UA, creatinine, total bilirubin, Ca and Ph all groups after
the 1" month. While after the 2 and 3™ months group Zn2 showed
significant elevation of ALT, AST, ALP, amylase, creatinine, uric acid
and total bilirubin together with significant decrease in total protein,
albumin, Ca and Ph compared with control group tables (5 and 6).



Table (5): Some serum biochemical parameters profile in control, low zinc and high zinc groups (Mean * $.E) after two months.
Pramcters | ALT | AST | ALP | Amyl TP | Albumin Uricackd| T.BiL | Ca | Ph
& (U/L) | (U/LY | U/ se (govdl) | (gmvdD) Creatin | (mg/d) | (mg/dl) | (ug/dl} |(mg/dl)
goups oL (mg/a)

33,67 42,67 165 362 6.17 350 D48 263 022 8.98 6.9
controf t E E * + + + + +).04¢c + +
1Q.22¢ t.76¢ 12.56b | 36.01b 0.13a 0.13a 0.08b 0.09¢ 0.69a 0.65a
33 753.33 6.38 327 0.49 2.63 0.2 8.57 7.87
The 2™ + 4167 | 18033 * z + * + * + +
group 1.67c + + 86.67b 0.16a 0.15a 0.06b 0.85¢ 0.0lc 0.027a 0.33a
().88¢ 491b
51.67 91.33 251 1443.6 3.23 1.5 0.7 3.69 i4 6.47 547
The 3" + + * vl + + 3+ + + + +
group 2.08a 0.67a 17.03z + 0.146b 0.15b 0.09% 0.15a 0.21b 0.26b 0.29b
23.45a

The same Column not followed by the same letter differ significantly (P<0.05).
Table (6): Some serum biochemical parameters profile in control, low zinc and high zinc groups (Mean + S.E) after three months.

Prameters ALT AST ALP Amylase Total p.| Albumin Uric acid | T. Bili. Ca Ph
& i)y | @y | ) (U/L) (em/dD)|  (gmidl) Creatin (mg/dh) | (mgrdD) | (mg/dD) [(me/dD)
goups (mg/dD)
3333 39 591.33 6.07 393 0.51 183 021 8.96 8.09
control * * 168,33 E + * + b * * *
2736 {.58¢c + 3960c 0.06a 045a 0.03c 0.22¢ 0.03¢ 0.54a 0.56a
4.41
33 37.33 162.0 358.33 6.21 3.30 0.54 2.08 022 8.2 728
The 2™ * t * * * £ + + S * +
Eroup 1.73b 0.88c 7b 3531c 031a 0.25a 0.08¢c 0.22¢ 0.03c 04la G3la
48.33x 81.67+ 1300 3.33+ 1.67% 1.13% 375+ 2.17¢ 587 5.3z
The 3™ 36la 333a 282,67 % 0.18b 0.09b 0.07a 0.178a 0.17h 0.09b 0.35b
group * 57.14a
12.67a

The same Column not followed by the same letter differ significantly (P<0.05)



3.2. Oxidative stress results:

There were no significant changes in MDA, SOD and catalase in
all treated groups. After 2 & 3 months the 3™ group revealed significant
increase in MDA, Catalase and SOD values compared with control
tables (7 and 8).

Table (7): Some oxidative stress parameters in control, low zinc and
high zinc groups (Mean * S.E} after two months.

Parameters & groups MDA Catalase 50D

(nmol/g) {L/L) (U/ml)
767t 58778t | 282.82¢
contrel i.2b 6.19¢ 14.0¢
8.0+ 54667t | 26134z
The 2™ group 0.38b 27.28¢ 442
B 17.33% 876z 528.33x
The 3" group 2.4a 13.01a 1922a |

The same Column not followed by the same letter differ significantly
(P<0.05).

Table (8): Some oxidative stress parameters in control, low zinc and high zinc
groups (Mean = S.E) after three months.

Parameters & groups MDA Catalase S0D
{nmol/g} (UL (U/mb)

133 509.11 | 28133%
control 0.88b 8.78¢ 10.44¢c
8.33x 505+ 290.93%
The 2™ group 0.58b 20.21¢ 4.65¢
1567+ 672+ 450+
The 3™ group 1.53a 14.74a 17.32a

The same Column not followed by the same letter differ significantly
{P<(.05).

3.3. Immunological results:
There were no significant changes in IL 18 and serum lysozyme
after one month. After 2 and 3 months group the 3" showed significant

decrease in IL 1P value and serum lysozyme activity in compare with
control tables (9 and 10).
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Table (9): IL 1 B value in control, low, low zinc and high zinc groups
{Mean = S.E) after one, two and three months.

Time & Control 2" zroap 3" group

Eroups Eroup _

One 59,68+ 59.25+ 5394z

month 2.5 0.25a 307

Two months 49.15¢ 5498+ 3833

1.37h 2.64h 0.88¢

Three months 50.40+ 50.60+ 36.67x

0.77b }.25b 1.20¢c

Table (10):

Serum lysozyme value in control, low zinc and high zinc

groups (Mean + S.E} after one, two and three months

Time & Control group | 2”group | 3™ group
__EToups
One 215+ 220z 251
month .18z 0.20a O.lla
Two months 273 271 215+
0.13a 0.18a 0.28b
Three months 1.96x L84+ 1.47¢
0.07a 0.12a 0.0%b
The same Column not followed by the same letter differ significantly
{P<0.05).
4. DISCUSSION: decreased deformability, and ther-

The hematological change
was macrocytic hypochromic ane-
mia (regenerative), it appeared at
2" and 3" months post zinc
administration at high zinc dose.
our result in agreement with
Meurs et al., (1991) who reported
that clinicopathological findings
result from oxidative damage
include the formation of eccen-
trocytes and nucleated red blood
cells, Heinz bodies, basophilic
stippling and target cells. Sphe-
rocytosis has also been reported in
the few previous cases of zinc
toxicity (Breitschwerdt et al,
1986b). Erythrocytes containing
Heinz bodies are rigid, have

efore may lyse or be removed
prematurely from the circulation
by macrophages resulting in ana-
emia (Desnoyers, 2000). Mean-
while, anemia induced by zinc was
reported by other researcher
Liobet et al., (1988); Latimer et
al., (1989) was microcytic hypoc-
romic). Leukogram showed that
zinc dosed rats at high dose had
decrease in total leukocytic count
our results in line with Khan et
al., (2007) who recorded reduction
of total leukocytic count. Neutr-
ophilia and Ilymphopenia. The
result agrees with that of Tvedten
and Weiss, (2000) they mentioned that,
neutrophilia and lymphopenia. were



present as result of stress response
or an inflammatory or infectious
process. Regarding lymphopenia
our histopathological findings sho-
wed severe congestion and degen-
eration of lymphocytes, this is in
line with Osatiashtiani et al,
(1998) and Fraker et al, (1995)
who observed thymic atrophy in
vivo, which resulted in an imp-
aired T cell development and
decreased T cell counts. Conc-
erning biochemical changes, ALT
is often tested along with AST,
ALP to evaluate whether liver
damaged or diseased. When the
liver is dysfunction, the levels of
above enzymes will rise (Kellerm-
en et al, 1995). Therefore, in this
study the significantly elevated
levels of ALT, AST and ALP
serum measurements due to high
zinc level indicated occurrence of
liver damage. This is matched with
other previous studies which
reported liver dam-ages by high
zinc salt administration (Paio et
al., 2003). The significantly incre-
ased levels of creatinine and uric
acid may be attributed to renal
disease. OQur result in agreement
with Llobet et al.,, (1988) who
reported that the concentrations of
creatinine and uric acid signific-
antly increased after exposure to
high dose zinc acetate in drinking
water. Hyperuricema may found
as a result of renmal damage of

decreased rate of tubular excretion

(Coles, 1986).

The present study showed
slight hypoproteinemia and hypoa-
lbuminemia which may be due to
liver damage or due to that zinc is
initially bound to plasma albumin.
Also most zinc is deposited in the
liver, kidney and pancreas (Oswe-
iler, 1996). These results are in
harmony with the finding of
(Levengood et al., 2000).

Hypocalcaemia was chara-
cteristic in high zinc dosed anim-
als which, associated with renal
disorders (Coles, 1986). Also may
due to impaired absorption that
high levels of zinc compete calci-
um absorption (Osweiler, 1996).
Our results consistent with Leve-
ngood et al., (2000) who reported
hypocalcaemia in Zn dosed groups
and they concluded that diets high
in protein with other organic
matter and calcium did not prevent
or substantially alleviate zinc
toxicosis. Stewart and Magee
(1964) mentioned that zinc toxi-
city affect on calcium and phos-
phorus and interfere with the
normal absorption and increase the
fecal excretion of these minerals in
the young rat. Slight decrease in
phosphorus level in the serum at
high zinc dosed rats is recorded in
our study. We suggest that the
Hypophosphatemia may due to
increase phosphorus excretion (Kaneko
et al, 1997). Our biochemical



findings revealed presence of
hyperbilirubinemia which may be
due to the intravascular hemolysis.
This results in line with (Angie et
al., 2003). Other biochemical find-
ings include  hyperamylasemia
may attributed to pancreatic infla-
meemation, this result in agree
with (Angie et al., 2003).

The result of the present
study showed that treatment with
zinc acetate caused a general sign-
ificant increase of catalase, MDA
and SOD activity after 2 and 3
months post administration., Antio-
xidant enzymes have been shown
to work in a cooperative or
synergistic way to protect against
oxidative stress Bagnyukova et
al., (2006) Oxidative stress due to
the existence of the toxic metals
can be demonstrated by MDA
content, which is considered to be
a general indicator of lipid pero-
xidation (Chaoui ef al., 1997). These
results matches with Alia et al,,
(1995) who reported that excess of
zinc promoted MDA production
due to increased lipid peroxidation
through excessive generation of
free radicals. @ CAT, a primary
antioxidant defense component,
protects fish from oxidative stress
by converting the hydrogen
peroxide to oxygen and water
(Atli G and Canli M 2007). Our
results in accordance with Qzgur
and Ferit (2010) who mentioned
that the increase in the activity of
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CAT following metals treatment
suggests increased production of
H;0, and the protective role of
this enzyme against metal-induced
oxidative stress. Another explan-
ation for increasing level of MDA
provided by Prasad and Pardha
(1995) who suggesting that higher
concentrations of zinc promote
free radical generation and hence,
lipid peroxidation. The increase in
free radical production could be
due to interference of zinc with
normal functioning of electron
transport chains of mitochondria.
Heavy metals including zinc have
been reported to suppress electron
transport associated with this
organelle {(Van and Clijsters
1986). Our results also matches
with Li et al., (2008) who reported
a rapid increase in MDA content
and electrolyte leakage in case of
elevated zinc concentrations in
Sedum alfredii Hance. Significant
enhancement in SOD activity was
observed in seedlings exposed to
toxic levels of zinc. Furthermore,
the activity of SOD in the enzyme
extract was insensitive to H;Oy,
suggesting that Mn-SOD must be
playing an important role in
detoxification of superoxide radi-
cals in B. juncea under zinc
toxicity (Van and Clijsters 1990).
Li et alL, (2008) attributed the
increase in CAT and SOD to the
increased ROS production or



increased expression of genes
encoding CAT and SOD.

In our study we found that
high concentration of zinc led to
reduction in the level of IL 1, this
result agree with Verena et al,
(2005) who investigated whether
zinc interferes with monokine
production via modulation of
cyclic nucleotide signaling. A dual
effect of zinc on PDE (Phospho-
diesterase) activity was found in
Mono Macl cells. First, the
enzyrnatic activity of PDE is
directly and reversibly inhibited by
zinc ions. Second, zinc inhibits the
gene expression of several PDE
subtypes and can also block the
LPS-stimulated increase in PDE-
4B expression. We found that high
concentration of zinc resulted in
reduction of lysozyme activity.
This is in accordance with Stabili
and Pagliara (2009) who said that
zinc might act directly on the
enzyme and suppress the lyso-
zyme. Anyway the suppression of
lysozymelike activity, by incre-
asing the susceptibility of seastars
to bacteria, may portend a decr-
ease in immunocompetence and
pathological manifestations.
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