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Abstract
The liver is one of the vital and sensitive organs which are usually exposed against the toxicity of mercury (Hg) and cadmium
(Cd). The main objective of the current study was to evaluate the potential toxicological effects of both Cd and Hg as individual
and combined. Hepatotoxicity was evaluated by monitoring the biochemical parameters of the liver and their accumulation in the
liver as well as therapeutic role of vitamin C in said toxicity in rabbits (Oryctolagus cuniculus). In this research, cadmium chloride
(1.5 mg/kg), mercuric chloride (1.2 mg/kg), and vitamin C (150 mg/kg of body weight) were orally administered to treatment
groups of the rabbits for 28 alternative days. Various biochemical parameters of the liver such as lactate dehydrogenase (LDH),
aspartate aminotransferase (ASAT), bilirubin, alanine aminotransferase (ALAT), total protein, and gamma glutamyl transferase
(GGT) were estimated using blood samples. Some biochemical parameters like ASAT, ALAT, LDH, GGT, and bilirubin were
significantly elevated (P ≤ 0.001) in individual Cd and Hg treatment groups, while the level of total protein was found to be
significantly declined. The effects of Cd and Hg in the presence of vitamin C on these biochemical parameters were low as
compared to metals-treated groups. Similar results were found when rabbits were treated with co-administration of both metals
and vitamin C. Accumulation of Cd and Hg found to be higher in the liver. However, chemoprevention and chemotreatment with
vitamin C significantly (P ≤ 0.01) minimized the toxicological effects of both metals but not regained the accumulation similar to
that of the control group. The findings of this study provide awareness on accumulation of metals in the liver in rabbits and their
toxicity tested through biochemical parameters as well as the therapeutic role of vitamin C in such alterations.
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Introduction

Industrialization in developing countries brought an increment
in metals contamination. Consumption and exposure of
xenobiotic materials or human-made compounds such as
heavy metallic complexes cause pollution (Jagadeesan and

Pillai 2007). Heavy metals are non-biodegradable and pro-
duce probable effects even at low dosages (Tay et al.
2010). Cadmium (Cd), a heavy metal, is an ecological
and industrial pollutant. This enters into the body mostly
by ingestion as well as inhalation then cause prolonged
illness (Bernard 2008; Mutlu et al. 2012).

Hepatic damage is elevated globally due to introduction of
contaminated factors. The Cd is one of the well-known atmo-
spheric pollutants that are harmful to hepatic tissues (Nithya
et al. 2012).When Cd binds with metallothionein (MT), which
is cysteine-rich protein, its absorption increases about 3000-
fold. In the liver, complexes of cysteine metallothionein cause
hepatotoxicity and then it goes into the kidney producing
nephrotoxicity by a massed in the renal tissue (Castagnetto
et al. 2002). Transportation of Cd into the hepatic system takes
place via dual processes concerning the attachment to the cell
membrane (Delraso et al. 2003). The second-phase process by
membrane transporters that are existing in the liver sinusoidal
cell membrane (Fujishiro et al. 2009).
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Accumulation of Cd is the source of destruction to numer-
ous organs such as the brain, liver, nephron, testes, lungs,
constituents of blood, and cartilage (Ercal et al. 2001). It is
categorized as type 1 carcinoma (human carcinoma) due to its
features as a pulmonary carcinogen (Waisberg et al. 2003).
After severe consumption, indications like burning sensation,
stomach soreness, sickness, heaving, muscle spasm, loss of
awareness, salivation, dizziness, astonishment, and seizures
frequently express in 15 to 30 min (Baselt and Cravey
2000). In vitro studies in human or mouse hepatocytes re-
vealed that cell death plays a major character in hepatic tox-
icity by Cd (Yu et al. 2011).

Mercury (Hg) is a silver liquid heavy metal that exists in
numerous preparations containing organic, inorganic, and el-
emental mercury. All forms of Hg have a changed pathway for
exposure as well as different toxicity (Chibunda and Janssen
2009; Kampalath and Jay 2015).

The elevated levels of Hg can harm the kidneys and
nervous system as well as developing infant (Sakamoto
et al. 2012). Introduction of Hg at high level modifies
the tasks of the lungs and brain damage leading to ner-
vousness, loss of consciousness, vomiting, nausea, prick-
liness, skin rashes, and fluctuations in visualization, hair
loss, increased heart rate, or blood pressure. These
symptoms are common; then, it is tough to analyze the
problem (Martin and Griswold 2009). Mercury causes
various complaints including epilepsy (Caito and
Aschner 2015) and myocardial infarction (Genchi et al.
2017) as well as respiratory disorders in offspring
(Heinrich et al. 2017). It is stored into the bile then
partially absorbed in hepatic via hepatic vein. The un-
usual amount of Hg moves in tissue due to binding of
mercury with cysteine complex in the gall bladder as
well as the bile duct (Birch et al. 2014).

Furthermore, Hg changed the biological then hematologi-
cal factors in animals (Huq et al. 2013). Toxicity of Hg in the
liver cause increased ALT in serum, serum bilirubin levels,
ornithine carbonyl transferase, enlargement of the liver, and
fatty liver as well as decline in the production of hepatic
blood clotting components (Joshi et al. 2012). Exposure of
Hg occurs as a result of ingestion and inhalation as well as
skin interaction. Both Cd and Hg mostly accumulated in
the liver (Yannai et al. 1991). The toxicity of these two
heavy metals causes disruption in the functions of certain
plasmatic enzymes such as LDH, ALAT, ASAT, and ALP
(Koyu et al. 2006).

Vitamin C (ascorbic acid) is a hydrophilic antioxidant
found in green vegetables such as spinach, tomatoes, and
fruits like lemons and strawberries (Padayatty et al. 2004). It
defends all growing animals such as rats, guinea pigs, turkeys,
chickens, mice, and fish from toxicity of heavy metals
(Gajawat et al. 2005). Due to the presence of its free sulfhydryl
group, it has capability to bind with heavymetals, which result

in decrease the antioxidant level from various organs and re-
establish the level of enzymes (Rana et al. 2010). It has a
defensive character against fluctuations persuaded by metals
in the kidney, liver, lungs, and testis and cytotoxicity in bone
marrow in rats (Chang et al. 2009). Vitamin C is non-
essentialism suppressors which have ability to decrease lipid
peroxidation then forage free radicals (El-Sokkary and
Awadalla 2011). Vitamin C plays a role in steroid production
in metal-exposed rats that decline physiological strain-
associated injury in sperm formation (Acharya et al. 2008).

The main objective of this study was to assess the toxico-
logical effects of both metals Cd and Hg as individual and
combined. Hepatotoxicity was evaluated by monitoring the
biochemical parameters of the liver and their accumulation
in the liver as well as therapeutic role of vitamin C in said
toxicity in rabbits.

Materials and methods

Ethical statement

All animal trials were executed according to the local and
worldwide protocols. The nearby direction is the Wet op de
dierproeven (article 9) of Dutch law (international) and a sim-
ilar law regulated by the Bureau of Animal Experiment
Licensing, Local University.

Chemicals used

The tested chemicals and their prepared solutions used in this
study were similar as described in our previous published
study (Ali et al. 2019). The stock solutions were prepared in
distilled water. All the working solutions were prepared fresh-
ly from stock solutions. All other chemicals and solutions
used were of pro-analysis quality and obtained from regular
commercial sources

Experimental animals

During research, the European rabbits (Oryctolagus
cuniculus) of age 1 month were selected as the animal model.
Rabbits were acclimatized for 2 weeks before the start of the
experiment. During the acclimatization and experiments, ap-
propriate food containing green fodder, vegetables, fruits, and
dry feed (grains, i.e., wheat) as well as free access to water was
provided. The experimental animals’ details were extensively
explained in our recently published study (Ali et al. 2019).

Administration of cadmium and mercury

Sixty-six rabbits of both genders were arbitrarily classified
into eight groups, i.e., one control and seven treatment groups.
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The administration of cadmium chloride, mercuric chloride,
and vitamin C was carried out according to our recent pub-
lished study (Ali et al. 2019). The experimental scheme for
this study was shown in Fig. 1. The freshly prepared solutions
(2 ml for each rabbit of each respective group) of mercuric
chloride, cadmium chloride, and mixture of both metals and
vitamin C at the dose rate of 1.2 mg/kg (6% of LD50), 1.5
mg/kg (10% of LD50), and 150 mg/kg body weight respec-
tively were orally administered through gavages (Ghosh and
Bhattacharya 1992).

Biochemical parameters

The blood sample was collected according to our recent
published study (Ali et al. 2019). For the analysis of
biochemical parameters, blood samples were centrifuged
at 2000 rpm for 10 min at room temperature for the
separation of serum. The aliquots were kept at − 20 °C
until analysis (Naito and David 1984). Total protein
(Henry 1964), alanine aminotransferase (ALAT), aspar-
tate aminotransferase (ASAT) and lactate dehydrogenase
(LDH) (Reitman and Frankel 1957), bilirubin (Malloy
and Evelyn 1937), and gamma glutamyl transferase
(GGT) (Rosalki et al. 1970) were determined either by
already prescribed methods or by using commercially
available kits

Estimation of metal concentration in the liver

At the end of the experiment, the same rabbits from which
blood was collected were euthanized by intravenous adminis-
tration of an over dose of sodium pentobarbital and livers were
removed surgically and weighed on a digital weigh balance
and stored at − 20C until further study. Each frozen liver
sample was thawed, rinsed in distilled water, blotted followed
by shifting into pre-weighed labeled glass flasks, and kept in
oven at 105 °C until consistent weight. Dried weight of the
liver was measured after cooling the flask in desiccators. For
acid digestion following the protocol of Du Preez and Steyn
(1992) with slight modification according to Yousafzai and
Shakoori (2008), 1 ml perchloric acid and 5ml nitric acid were
added in each flask and samples were incubated for 12 hours
at 30 °C. After incubation, perchloric acid (4 ml) and nitric
acid (5 ml) were introduced in each flask and placed on a hot
plate at 250 °C to digest and evaporate the mixture. Then,
residual mixture (about 0.5 ml) diluted with distilled water
up to 25 ml and filtered. The filtrate used as a sample to
determine the metals contents by atomic absorption spectro-
photometer. The liver sample of the rabbit from the control
group was considered as blank. The standard solutions of
different concentration were run as samples repeatedly after
running the five liver samples to check the accuracy of the
machine. Metal concentrations were expressed in milligrams
per kilogram for the liver sample.

Fig. 1 A schematic presentation
of animal groups, their treatment
details and experimentation
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Data analysis

Data were presented as mean ± SEM. Normality of the data
was assessed by Kolmogorov–Smirnov test and then analyzed
statistically by one-way ANOVA, with BDunnett’s multiple
comparison test,^ to identify any significant differences
among the group means. GraphPad Prism version 5.0 for win-
dows (GraphPad Software, San Diego, CA, USA) was used
for analyses. Values of P ≤ 0.05 were considered as
significant.

Results

Effect on alanine aminotransferase concentration

Orally administration of cadmium chloride (1.5 mg/kg body
weight), mercury chloride (1.2 mg/kg body weight), and co-
administration of CdCl2 + HgCl2 in rabbits for 28 alternative
days showed a significant difference in alanine aminotransfer-
ase concentration. At the 14th day, the highest significant el-
evation from 34.0 ± 1.9 to 49.7 ± 2.5 IU/l and 49.7 ± 2.5 IU/l
in the level of ALATwas found in Hg and Cd + Hg treatment
groups as compared to control, respectively (Table 1).

At the 28th day, the highest significant elevation 34.4 ± 2.0
to 51.0 ± 1.6 IU/l, 53.8 ± 1.7 IU/l, and 49.6 ± 1.2 IU/l in the
level of ALAT of Cd-, Hg-, and combined Cd + Hg–exposed
groups was observed as compared to the control group, re-
spectively. The highest significant decline varied from 49.0 ±
1.2 to 38.4 ± 1.6 IU/l was observed in the Cd + Hg (P)–treated
group. Chemotreatment with Vit C showed high significant
decrease from 51.0 ± 1.6 to 43.3 ± 1.0 IU/l and 49.0 ± 1.2 to
41.1 ± 1.6 IU/l in Cd- and Cd + Hg–treated groups with
respect to control, respectively. Prevention with Vit C in Hg
+ Vit C (P) showed higher significant decline (53.8 ± 1.7 to
45.1 ± 1.3 IU/l) (Table 2).

Effect on total protein concentration

Total protein was found significantly decreased from 7.5 ± 0.4
to 6.0 ± 0.4 g/dl in combined CdCl2- and HgCl2-treated rab-
bits with respect to the control group whereas this decline was
more significantly (7.5 ± 0.4 to 5.4 ± 0.2 g/dl, 5.7 ± 0.3 g/dl)
observed in Cd- and Hg-treated groups, respectively. At the
14th day, prevention with vitamin C causes a significant ele-
vation in total protein (Cd, 5.4 ± 0.2 g/dl; Cd + Vit C (P), 6.8 +
0.1 g/dl; Hg, 5.7 ± 0.3 g/dl; Hg + Vit C, 7.1 ± 0.2 g/dl). Non-
significant difference was observed in the Cd + Hg + Vit C
(P)–treated group (Table 1). At the 28th day, there was a
highest significant decline (P ≤ 0.001) in the level of protein
was observed with respect to the control group. Significant
elevation in the level of total protein was (Cd + Hg, 4.8 +
0.3 g/dl; Cd + Hg + Vit C (P), 6.5 ± 0.3 g/dl) observed in Ta
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the cadmium and mercury prevention group. While higher
significant increase was (Cd, 4.4 ± 0.1 g/dl; Cd + Vit C (P),
6.3 + 0.3 g/dl; Hg, 3.7 ± 0.2 g/dl; Hg + Vit C, 5.7 ± 0.3 g/dl)
observed in the level of total protein in cadmium and mercury
prevention groups with usage of vitamin C at the 28th day of
treatment. Treatment with vitamin C showed significant in-
crease (4.4 ± 0.1 to 6.0 ± 0.3 g/dl) (3.7 ± 0.2 to 5.4 ± 0.4
g/dl) in the level of total protein in Cd + Vit C (T) and Hg +
Vit C (T) when compared to cadmium- and mercury-treated
groups, respectively (Table 2).

Effect on bilirubin concentration

Administration of Cd, Hg, and Cd + Hg caused the highest
significant increase in the level of bilirubin (control, 1.7 ±
0.3 μmol/l; Cd, 4.5 ± 0.2 μmol/l; Hg, 4.0 ± 0.2 μmol/l; Cd
+ Hg, 3.7 ± 0.1 μmol/l). Pretreatment with vitamin C at the
14th day of treatment showed that level of bilirubin was the
highest significantly decreased (Cd, 4.5 ± 0.2 μmol/l; Cd +
Vit C, 3.0 ± 0.2 μmol/l) in the Cd + Vit C–treated group.
Whereas significant decline was Hg, 4.0 ± 0.2; Hg ± Vit C,
3.1 ± 0.1 μmol/l (Cd + Hg, 3.7 ± 0.1 μmol/l; Cd + Hg + Vit
C, 2.8 ± 0.1 μmol/l) (Table 1). At the 28th day of treat-
ment, the highest significant elevation in the level of bili-
rubin (1.8 ± 0.1 to 4.8.3 ± 0.1 μmol/l, 4.4 ± 0.1 μmol/l, 4.2
± 0.2 μmol/l) was observed in Cd-, Hg-, and Cd + Hg–
exposed groups was observed as compared to the control
group, respectively. Prevention with Vit C showed the
highest significant decline (Cd, 4.8.3 ± 0.1 μmol/l; Cd +
Vit C (P), 3.2 ± 0.1 μmol/l) (Hg, 4.4 ± 0.1 μmol/l; Hg + Vit
C (P), 3.3 ± 0.1 μmol/l) (Cd + Hg, 4.2 ± 0.2 μmol/l; Cd +
Hg + Vit C (P), 3.1 ± 0.1 μmol/l). Chemotreatment with Vit
C showed significant decrease in the level of bilirubin in
the Hg treatment group. Whereas higher significant decline
in the level of bilirubin was (Cd, 4.8.3 ± 0.1 μmol/l; Cd +
Vit C (T), 3.7 ± 0.2 μmol/l) (Cd + Hg, 4.2 ± 0.2 μmol/l; Cd
+ Hg + Vit C (T), 3.3 ± 0.1 μmol/l) investigated (Table 2).

Effect on lactate dehydrogenase concentration

Oral administration of cadmium chloride, mercury chloride,
and CdCl2 + HgCl2 for 28 alternative days elevated the level
of serum lactate dehydrogenase. At the 14th day of treatment,
the higher and highest significant increase (Cont, 182.2 ± 8.5
IU/l; Cd, 251.2 ± 9.9 IU/l; Hg, 268.7 ± 7.0 IU/l; Cd + Hg,
234.8 ± 10.7 IU/l) was observed in the level of LDH.
Prevention with vitamin C showed that level of LDH in serum
was significantly decrease (Cd, 251.2 ± 9.9 IU/l; Cd + Vit C
(P), 203.2 ± 7.2 IU/l; Hg, 268.7 ± 7.0 IU/l; Hg + Vit C (P),
218.5 ± 7.9 IU/l; Cd + Hg, 234.8 ± 10.7 IU/l; Cd + Hg + Vit C
(P), 190.0 ± 8.6 IU/l) as shown in Table 1. At the 28th day, the
highest significant elevation in the level of LDH of Cd-, Hg-,
and Cd + Hg–exposed groups was (200.3 ± 4.9 to 276.0 ±Ta

bl
e
2

L
ev
el
of

bi
oc
he
m
ic
al
pa
ra
m
et
er
s
an
al
yz
ed

at
th
e
28
th

da
y
of

tr
ea
tm

en
t

T
re
at
m
en
tg

ro
up
s

P
ar
am

et
er
s

C
on
t

V
it
C

C
d

C
d
+
V
it
(P
)

C
d
+
V
it
(T
)

H
g

H
g
+
V
it
(P
)

H
g
+
V
it
(T
)

C
d
+
H
g

C
d
+
H
g
+
V
it
(P
)

C
d
+
H
g
+
V
it
(T
)

A
la
ni
ne

am
in
ot
ra
ns
fe
ra
se

(A
L
A
T
)

34
.4
±
2.
0

39
.6
±

1.
3

51
.0

±
1.
6*
**

41
.6
±
0.
9#

#
43
.3
±
1.
0@

53
.8
±
1.
7*
**

45
.4
±
1.
3~

~
45
.1

±
1.
3^

^
49
.0
±
1.
2*
**

38
.4
±
1.
6&

&
&

41
.1

±
1.
6%

To
ta
lp

ro
te
in

7.
0
±
0.
4

6.
5
±
0.
2

4.
4
±
0.
1*
**

6.
3
±
0.
3#

#
6.
0
±
0.
3@

3.
7
±
0.
2*
**

5.
7
±
0.
3~

~
5.
4
±
0.
4^

4.
8
±
0.
3*
**

7.
0
±
0.
4&

6.
5
±
0.
2

B
ili
ru
bi
n

1.
8
±
0.
1

2.
0
±
0.
1

4.
8
±
0.
1*
**

3.
2
±
0.
1#

#
#

3.
7
±
0.
2@

@
4.
4
±
0.
1*
**

3.
3
±
0.
1~

~
~

3.
5
±
0.
2^

4.
2
±
0.
2*
**

3.
1
±
0.
1&

&
&

3.
3
±
0.
1%

%

L
ac
ta
te
de
hy
dr
og
en
as
e

(L
D
H
)

20
0.
3
±

4.
9

20
4
±
4.
7

27
6
±
10
.3
**
*

21
5
±
8.
3#

#
#

21
8.
8
±

7.
7@

@
@

29
1.
7
±

6.
5*
**

23
3.
2
±

6.
6~

~
~

24
6.
5
±

10
.2
^

27
0.
5
±

7.
9*
**

20
3.
8
±
8.
5&

&
&

21
9.
3
±
7.
0%

%

A
sp
ar
ta
te
am

in
ot
ra
ns
fe
ra
se

(A
SA

T
)

6.
5
±
0.
4

7.
3
±
0.
2

11
.2
±
0.
4*
**

8.
3
±
0.
7#

#
9.
0
±
0.
5

11
.5
±
0.
3*
**

9.
4
±
0.
6

9.
8
±
0.
2

10
.6
±
0.
2*
**

7.
5
±
0.
4

&
&

7.
9
±
0.
4%

G
am

m
a
gl
ut
am

yl
tr
an
sf
er
as
e

(G
G
T
)

7.
15

±
0.
3

7.
48

±
0.
3

15
.1
0
±

0.
4*
**

9.
50

±
0.
3#

#
#

11
.7
2
±
0.
7@

@
13
.7
0
±

0.
6*
**

8.
80

±
0.
3~

~
~

11
.0
2
±

0.
56

^
16
.5
3
±

0.
3*
**

12
.2
3
±
0.
6&

&
&

13
.4
0
±
0.
3%

%

*
in
di
ca
te
s
th
e
si
gn
if
ic
an
ce

di
ff
er
en
ce

be
tw
ee
n
co
nt
ro
la
nd

C
d,
H
g,
an
d
C
d
+
H
g
tr
ea
tm

en
tg

ro
up
s.

#
in
di
ca
te
s
th
e
si
gn
if
ic
an
ce

di
ff
er
en
ce

be
tw
ee
n
C
d
an
d
C
d
+
V
it
(P
)
tr
ea
tm

en
tg

ro
up
s.

~
in
di
ca
te
s
th
e

si
gn
if
ic
an
td
if
fe
re
nc
e
be
tw
ee
n
H
g
an
d
H
g
+
V
it
(P
)t
re
at
m
en
tg
ro
up
s.

&
in
di
ca
te
s
th
e
si
gn
if
ic
an
td
if
fe
re
nc
e
be
tw
ee
n
C
d
+
H
g
an
d
C
d
+
H
g
+
V
it
(P
)t
re
at
m
en
tg
ro
up
s.

@
in
di
ca
te
s
th
e
si
gn
if
ic
an
ce

di
ff
er
en
ce

be
tw
ee
n
C
d
an
d
C
d
+
V
it
(T
)t
re
at
m
en
tg
ro
up
s.

^
in
di
ca
te
s
th
e
si
gn
if
ic
an
td
if
fe
re
nc
e
be
tw
ee
n
H
g
an
d
H
g
+
V
it
(T
)t
re
at
m
en
tg
ro
up
s.

%
in
di
ca
te
s
th
e
si
gn
if
ic
an
td
if
fe
re
nc
e
be
tw
ee
n
C
d
+
H
g
an
d
C
d
+
H
g
+

V
it
(T
)
tr
ea
tm

en
tg

ro
up
s.
E
ac
h
va
lu
e
in

ta
bl
e
re
pr
es
en
ts
th
e
m
ea
n
va
lu
e
of

si
x
re
pl
ic
at
es

an
d
S
E
M
.S

ta
tis
tic
al
si
gn
s:

#
,~

,&
,@

,%
=
P
≤
0.
05
;*

*,
#
#
,^

^
,~

~
=
P
≤
0.
01
;*

**
,&

&
&

=
P
≤
0.
00
1

Environ Sci Pollut Res (2019) 26:14087–14096 14091



10.3 IU/l, 291.7 ± 6.5 IU/l, 270.5 ± 7.9 IU/l) observed as
compared to the control group, respectively. Administration
of Vit C through gavage in Cd-, Hg-, and Cd + Hg–treated
groups caused a highest significant decline in the level of
LDH was 276.0 ± 10.3 to 215.0 ± 8.3 IU/l, 291.7 ± 6.5 to
233.2 ± 6.6 IU/l, and 270.5 ± 7.9 to 203.8 ± 8.5 IU/l, respec-
tively. Chemotreatment with Vit C showed high and higher
significant decrease (Hg, 291.7 ± 6.5 IU/l; Hg + Vit C (T),
246.5 ± 10.2 IU/l) (Cd +Hg, 270.5 ± 7.9 IU/l; Cd +Hg +Vit C
(T), 41.1 ± 1.6 IU/l) in mercury and Cd + Hg treatment groups
respectively, while the highest significant decline was Cd,
276.0 ± 10.3 IU/l; Cd + Vit C (T), 218.8 ± 7.7 IU/l (Table 2).

Effect on aspartate aminotransferase concentration

The highest significant elevation in the level of ASAT was
Cont, 6.8 ± 0.3 IU/l; Cd, 9.4 ± 0.3 IU/l; Hg, 9.5 ± 0.5 IU/l.
Prevention with Vit C showed that level of ASAT in serum
was significant and higher significantly decrease (Cd, 9.4 ±
0.3 IU/l; Cd + Vit C (P), 7.2 ± 0.4 IU/l; Cd + Hg, 9.0 ± 0.3 IU/
l; Cd + Hg +Vit C (P), 7.0 ± 0.4 IU/l) in Cd + Vit C (P) and Cd
+ Hg + Vit C (P) treatment groups, respectively (Table 1). At
the 28th day, the highest significant elevation in the level of
ASATwas (6.5 ± 0.4 to 11.2 ± 0.4 IU/l, 11.5 ± 0.3 IU/l, 10.6 ±
0.2 IU/l) observed with respect to the untreated group. The
highest significantly decline in the level of ASATwas (11.2 ±
0.4 to 8.3 ± 0.7 IU/l) (11.5 ± 0.3 to 9.4 ± 0.6 IU/l) (10.6 ± 0.2
to 7.5 ± 0.4 IU/l) observed in Cd, Hg, and Cd + Hg prevention
groups, respectively. Chemotreatment with Vit C showed that
significant decrease in ASAT was Cd + Hg, 10.6 ± 0.2 IU/l;
Cd + Hg + Vit C (T), 7.9 ± 0.4 IU/l as shown in Table 2.

Effects on gamma glutamyl transferase concentration

At the 14th day of treatment, the highest significant increase
(Con, 6.26 ± 0.2 IU/l; Cd, 13.5 ± 0.3 IU/l; Hg, 13.7 ± 0.6 IU/l;
Cd + Hg, 15.3 ± 0.5 IU/l) was observed in the level of GGT.
Significantly decrease in the level of GGT (Cd, 13.5 ± 0.3 IU/
l; Cd + Vit C (P), 9.0 ± 0.4 IU/l; Hg, 13.7 ± 0.6 IU/l; Hg + Vit
C (P), 8.4 ± 0.4 IU/l; Cd + Hg, 15.3 ± 0.5 IU/l; Cd + Hg + Vit
C (P),11.6 ± 0.6 IU/l) was found in Cd, Hg, and Cd + Hg
prevention groups, respectively (Table 1). At the 28th day,
the highest significant elevation in the level of GGT of Cd-,
Hg-, and Cd + Hg–exposed groups was (7.15 ± 0.37 to 15.10
± 0.45 IU/l, 13.70 ± 0.61 IU/l, 16.53 ± 0.35 IU/l) observed as
compared to the control group, respectively. Administration of
Vit C through gavage in Cd-, Hg-, and Cd + Hg–treated
groups caused a highest significant decline in the level of
GGTwas (15.10 ± 0.45 to 9.50 ± 0.39 IU/l) (13.70 ± 0.61 to
8.80 ± 0.35 IU/l) (16.53 ± 0.35 to 12.23 ± 0.63 IU/l), respec-
tively. Chemotreatment with Vit C showed significant de-
crease (Hg, 13.70 ± 0.61 IU/l; Hg + Vit C (T), 11.02 ± 0.75
IU/l) in the Hg-treated group. While higher significant

decrease was (Cd + Hg, 16.53 ± 0.35 IU/l; Cd + Hg + Vit C
(T), 13.40 ± 0.34 IU/l) (Cd, 15.10 ± 0.45 IU/l; Cd + Vit C (T),
11.72 ± 0.75 IU/l) observed in Cd + Hg and Cd treatment
groups, respectively (Table 2).

Metal accumulation in liver samples

Concentration of Hg and Cd in the liver of rabbits was mea-
sured through atomic absorption spectrophotometer. The liver
of rabbits of the control group was treated as control/blank.
The highest significant Cd concentration up to 42.33 ± 1.86
mg/kg and 30.33 ± 2.03 mg/kg was measured in Cd- and Cd +
Hg–treated groups, respectively. Administration of Vit C
showed the highest significantly decline in Cd concentration
in the liver of rabbits of Cd + Vit C (P) (18.00 ± 1.15 mg/kg)–
and Cd + Hg + Vit C (P) (11.33 ± 1.45 mg/kg)–exposed
groups. The highest significant declined in concentration of
Cd was observed in the Cd + Hg + Vit C (T) group as com-
pared to the individual Cd-treated group. The highest signifi-
cant concentration of Hg 27.33 ± 2.33 mg/kg was measured in
the liver of rabbits exposed to Hg. While the presence of Vit C
significantly decreased the concentration of Hg up to 14.00 ±
2.89 mg/kg in the Hg + Vit C (P) group as shown in Fig. 2b.

Discussion

In this study, we presented the toxicological evaluation of cad-
mium and mercury which was exposed individually and in
combination to rabbits. Meanwhile, the remedial effect of vita-
min Cwas also analyzed with respect to rehabilitates the altered
hepatic functions by the aforesaid chemicals in experimentally
designed exposure and duration in rabbits. Cadmium has been
testified to be a hepatotoxic component. It has persuaded histo-
pathological alterations in the liver and diminished biomarkers
of liver functions in humans and other animals (Agarwal et al.
2010). After severe and prolonged disclosures to cadmium
(Cd), the liver is one of the life-threatening target tissues
(Yazihan et al. 2015). Hepatic damage due to introduction of
mercury and cadmium is well known by higher intensities of
liver enzymes in serum showing the damage of efficient reli-
ability of liver tissue production and outflow of enzymes in
blood (Renugadevi and Prabu 2010). According to Hosseini
et al. (2018), mercury chloride (HgCl2) produced histopatho-
logical and ultrastructure injuries in the hepatic system by cell
necrosis and periportal fatty disintegration.

In this study, it was observed that administration of Cd, Hg,
and Cd + Hg showed the highest significant elevation (P ≤
0.001) in the level of ASAT in individual Cd- and Hg-treated
rabbits with respect to the control group at the 28th day of the
experiment. Elevation of this enzyme indicates the impair-
ment of hepatocytes. Different studies revealed that ASAT is
increased in the circulatory system when hepatocytes or other

14092 Environ Sci Pollut Res (2019) 26:14087–14096



organs are injured (Nathwani et al. 2005). Co-administration
of cadmium and mercury in rats causes elevated levels of
ASATand ALAT in the liver as compared to the control group
(Dardouri et al. 2016). In the present study, Vit C caused
significantly (P < 0.01) decline in the level of ASAT in the
Cd + Vit C (P) treatment group. Vitamin C reduces the effects
of cadmium chloride and mercury chloride but not regain the
values similar to the control group. Administration of CdCl2
and HgCl2 alone produced higher enzymatic disturbances
than combine treatment with CdCl2 + HgCl2 due to antago-
nism among cadmium and mercury (Imed et al. 2008).
Elevated level of LDH, ASAT, and ALAT in methyl
mercury–exposed batch was improved by post treatment with
Vit C. Vitamin C acts as an antioxidant and plays an important
role to defend the hepatic system from oxidative impairment
due to exposure of methyl mercury (Hounkpatin et al. 2012).

In this study, the highest significant elevation (P ≤
0.001) in the level of LDH was observed in intoxicated
rabbits with CdCl2 and HgCl2. Fewer modifications were
observed in the combined CdCl2 + HgCl2–treated group
with the passage of time. These results showed that eleva-
tion may occur due to damage of the plasma membrane of
hepatocytes which result in leakage of LDH in blood.
Prevention with vitamin C at the highest significantly de-
clines the level of LDH in Cd-, Hg-, and Cd + Hg–treated
groups. When cells are damaged, the level of LDH is in-
creased in various parts of body containing the liver
(Thapa and Walia 2007). When mallard ducks were treated
with methyl mercury, the level of LDH was increased in
plasma which shows that biological injuries occur in the
heart and liver (El-Demerdash et al. 2001). According to
Dardouri et al. (2016), co-exposure of CdCl2 + HgCl2 in

Fig. 2 Concentration of a cadmium (Cd) and b mercury (Hg) (mg/kg) in
the liver of control and experimental groups after the 28th day exposure.
Asterisk indicates the significance difference between control and Cd,
Hg, and Cd + Hg treatment groups. Number sign indicates the
significance difference between Cd and Cd + Vit C (P) treatment
groups. Tilde indicates the significant difference between Hg and Hg +
Vit C (P) treatment groups. Ampersand indicates the significant
difference between Cd + Hg and Cd + Hg + Vit C (P) treatment groups.

Commercial at indicates the significance difference between Cd and Cd +
Vit C (T) treatment groups. Circumflex accent indicates the significant
difference between Hg and Hg + Vit C (T) treatment groups. Percent sign
indicates the significant difference between Cd + Hg and Cd +Hg + Vit C
(T) treatment groups. Each bar represents the mean value of six replicates
and SEM. Statistical signs: $, @, %, ^ = p≤ 0.05, %%, ## = p≤ 0.01, ***,
###, @@@, &&&= p≤ 0.001
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rats showed that the level of LDH was higher as compared
to when rats treated with individual cadmium and mercury
chloride.

In this study, it was noted that administration of CdCl2,
HgCl2, and co-administration of Cd + Hg had declined the
level of total protein. The highest significant decline in the
level of total protein was observed in all CdCl2- and HgCl2-
exposed groups during treatment. Prevention and post treat-
ment with vitamin C significantly increased the level of total
protein. Exposure of mercury (Hg) causes decline the level of
total protein. Depletion may occur due to cirrhosis or ability of
protein required to the plasma toxicants elevated as well as
synthesis of protein is declined (Sweety et al. 2008). It was
reported that the normal level of total protein in serum of mice
was increased. Administration of vitamin C prohibited antag-
onistic effects of heavy metals on hepatic parameters (Musa
et al. 2012). These studies co-relate with our results.

Results of our study showed that the level of GGTwas the
highest significantly increased in all cadmium- and mercury-
exposed groups with respect to the control group. Prevention
with vitamin C the highest significance (P ≤ 0.001) declined
the level of GGT in all cadmium- and mercury-exposed
groups of rabbits. In all individual and combined Cd and Hg
chemotreatment groups, the level of GGTwas also decline but
the level of decline was lower than prevention groups. The
level of GGT significantly elevated in cadmium-exposed rats
(Kim et al. 2001). Exposure of combination of heavy metals
such as Cd, Hg, and Pb significantly increases the level of
GGT in plasma (Bashandy et al. 2011). In this study, when
liver samples were processed by using atomic absorption
spectrophotometer, it was observed that cadmium chloride
and mercury chloride had significant accumulation in the
liver with the dose concentration of 1.5 mg/kg and 1.2
mg/kg body weight respectively in all intoxicated groups.
Hence, findings indicate that the liver possesses the capacity
to accumulate cadmium and mercury in higher concentrations
when exposed to these metals. Josthna et al. (2012) studied
that the liver is a sensitive organ for accumulation of Cd and
Hg in mice; afterwards, it accumulates in the renal system and
finally in tissues as well as in skeletal muscles.

In the present research, more Hg and Cd are accumulated in
the liver of rabbits and had changed the biochemical profile of
serum when administered orally. Increased levels of these bio-
markers resulted into the hepatic injury. However, the intensi-
ty of these alterations of biochemical profile was encountered
in the presence of vitamin C co-administration. According to
Kaur and Sharma (2017), vitamin C (ascorbic acid) defends
all growing animals such as rats, guinea pigs, turkeys,
chickens, mice, and fish from toxicity of heavy metals (Cd,
Hg, and Pb) as well as might be helpful in repairing the oxi-
dative inhibitor (antioxidant) in hepatic structure. These find-
ings may depict a protective mechanism of ascorbic acid in
hepatic toxicity in heavy metals–intoxicated rabbits.

Conclusion

These results showed that the liver is a delicate organ exag-
gerated by exposure of CdCl2 and HgCl2. Cadmium and mer-
cury can induce the hepatocellular impairment by elevation of
oxidative stress in the liver. Results of the recent study show
that individual exposure of CdCl2 and HgCl2 and co-
administration of cadmium and mercury alters the various
biochemical parameters (ALAT, ASAT, LDH, GGT, and bili-
rubin) of the animal model which can be ameliorated through
supplementation of vitamin C. Ameliorating potential of vita-
min C in metals-administered rabbits was observed on the
14th and 28th days of the experiment. Vitamin C acts as an
antioxidant agent which can alleviate the hepatic toxins like
Cd and Hg by inhibiting the lipid peroxidation, preventing the
formation of reactive oxygen species, and maintaining the
activity of biochemical and hematological parameters.
Vitamin C can stabilize the cell membrane in hepatic impair-
ment stimulated by mercury and cadmium. Based on these
findings, vitamin C seems to have protective mechanism in
hepatic toxicity.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.
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