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ABSTRACT

Cadmium (Cd) has been associated with organ toxicity. This study aimed at investigating the mechanism of Cd-induced hepatotoxicity and the role
of Allium cepa extract (AcE) in preventing Cd-induced hepatic damage. Group 1 (control) received only distilled water. Group 2 (Cd-treated)
received cadmium sulphate (1.5mg/100kgBW/day) orally for 4 weeks. Group 3 (AcE- pre-treated) received AcE (1.0mml/100kgBW /day) orally for
8 weeks, followed by a 4 week course of cadmium sulphate (1.5mg/100kgBW /day) orally. Group 4 (AcE- co-treated) received cadmium sulphate
(1.5mg/100kgBW/day) orally for 4 weeks and AcE (1.0mml/100kgBW/day) orally for 8 weeks simultaneously. Group 5 (AcE- post-treated)
received cadmium sulphate (1.5mg/100kgBW /day) orally for 4 weeks, followed by AcE (1.0mml/100kgBW/day) orally for 8 weeks. Administration
of Cd led to significant decrease in body weight gain, hepatic SOD activity, total serum protein and significant increases in hepatic malondialdehyde
(MDA) level, and serum alkaline aminotransferase (ALT), and alkaline aspartate aminotransferase (AST) activities. Cd administration was also
associated with disruption of the normal hepatic architecture. These alterations were ameliorated by AcE administration. The results of the present
study demonstrate that oxidative stress is a mechanism by which Cd induces hepatic damage. The elevated plasma activities of ALT and AST are
associated with disruption of the normal liver architecture and consequent leakage of cytoplasmic enzymes into the circulation. AcE ameliorated
Cd-induced hepatic damage by maintaining the integrity of the hepatocytes and scavenging reactive oxygen species (ROS), thus restoring hepatic

lipid peroxidation (LPO) status.
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INTRODUCTION

Several studies have demonstrated the effect of cadmium (Cd) on
various organ-systems in the body. It has been reported that Cd
induces nephrotoxicity, testicular damage, lung damage,
osteomalacia, lungs and prostate carcinoma, hepatotoxicity, and
body weight loss 12345,

It has also been documented that Cd could modify the activities of
numerous enzymes in mammalian cells ¢ 7. Among the enzymes are
serum alkaline aminotransferase, ALT, aspartate aminotransferase,
AST, and alkaline phosphatase, ALP 89,

Cd-related alteration in an enzyme activity might be due to the
metal interference with the enzyme essential thiols, enzyme-
substrate complex formation, or mechanisms regulating the
transcription of the relevant gene, such as those coding for
metallothionein, heme oxygenase, several heat shock proteins, and
other proteins!©.

Allium cepa, a medicinal plant, has been reported to be
antihelmintic, antiparasitic, diuretic, and antioxidant 1111213,

The present study was aimed at assessing the mechanism of Cd-
induced hepatotoxicity and the hepatoprotective potential of Allium
cepa extract, AcE, in rats.

MATERIALS AND METHODS
Experimental animals

The study was carried out in the Animal House of the Ladoke
Akintola University of Technology (LAUTECH), Ogbomoso, Nigeria.
Thirty male Wistar rats weighing between 130 and 160g were used.
They were divided into 5 groups (groups 1, 2, 3, 4, and 5), each
group consisting of six rats. They were housed in standard rat cages
under laboratory conditions with 12:12h light/dark cycle at 25°C
2. Rats were fed ad lib’itum.

Treatments

After two weeks of acclimatization, rats were treated. Group 1
(control) received only distilled water. Group 2 (Cd-treated)
received cadmium sulphate (1.5mg/100kgBW/day) orally for 4
weeks.  Group 3 (AcE-  pre-treated) received  AcE
(1.0ml/100kgBW/day) orally for 8 weeks, followed by a 4 week
course of cadmium sulphate (1.5mg/100kgBW/day) orally. Group 4

(AcE- co-treated) received cadmium sulphate
(1.5mg/100kgBW/day) orally for 4 weeks and AcE
(1.0ml/100kgBW /day) orally for 8 weeks simultaneously. Group 5
(AcE- post-treated) received cadmium sulphate
(1.5mg/100kgBW/day) orally for 4 weeks, followed by AcE
(1.0ml/100kgBW/day) orally for 8 weeks. Treatments were
discontinued 24 hours prior to the end of the experiment to rule out
the effect of acute treatment. Rats were weighed throughout the
course of experiment. The study was conducted in accordance with
the American Physiological Society’s “Guiding Principles for
Research Involving Animals”.

Preparation of AcE

AcE was prepared as reported by Nelson et al *and Ige et al 1. Fresh
Allium cepa bulbs were thoroughly rinsed, dried, and blended into
paste. Juice was then filtered and squeezed out of it. The filtrate juice
was prepared weekly following the same procedure and stored
below 4°C to preserve its potency.

Blood Sample Collection

Blood was collected from 12hour-fasted animals under ether
anaesthesia into heparinized specimen bottles via cardiac puncture.
Measurements of total serum protein, total serum bilirubin, and
serum liver enzymes were done immediately.

Determination of total serum protein, total serum bilirubin,
and serum liver enzymes

Total serum protein and bilirubin were assayed using a standard
enzymatic calorimetric method with standard laboratory Kkits
(LABKIT, Barcelona-Spain) as reported by Akhigbe et al (2008)1s.
Serum liver enzymes (ALT, AST, and ALP) were also determined
using standard kit (Biosystems S.A Barcelona-Spain).

Determination of liver superoxide dismutase (SOD) and
malondialdehyde (MDA) levels

At the end of the experiment, the livers were excised, cleaned and
weighed. A portion of each liver was washed in normal saline (0.9%
NaCl), homogenized in phosphate buffer (1g tissue/4ml). The
homogenate were then centrifuged and aliquots of the supernatant
were obtained for biochemical analysis. Liver SOD and MDA levels
were determined as reported by Fridovich 16 and Varshney and Kale
17 respectively.



Histologic analysis

Some portion of each liver was fixed in 10% formaldehyde for 48
hours for histological analysis. The tissues were processed and
embedded in paraffin wax. 6um thick sections were obtained and
stained by haematoxylin and eosin (H&E) method and examined
under light microscope to determine the morphological changes.

Statistical analysis

Analyses of data were done using the SPSS software (SPSS Inc,
Chicago, USA). Differences among groups were determined using
analysis of variance (ANOVA), followed by multiple comparison by
two-tailed t-test. P< 0.05 was considered statistically significant.
Data are expressed as mean = SEM

RESULTS

Table 1 shows body weight gain and liver weight in the five groups
of rats. Body weight gain was significantly lower in Cd-treated rats
compared with all other rats. However, body weight was similar in
the control, AcE pre-treated, AcE co-treated, and AcE post-treated
rats. There was no significant difference in the liver weight of the
five groups.

Liver SOD activity and MDA level were not significantly different in
the control, AcE pre-treated, AcE co-treated, and AcE post-treated
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rats. However, Cd-treated rats showed a significantly lower SOD
activity and higher MDA level when compared with all other groups
(Table 2)

Table 3 shows total serum protein, total bilirubin, and serum liver
enzyme activities in the five groups of rats. Cd-treated, and AcE pre-
treated rats had significantly lower total serum protein when
compared to other groups. Total serum bilirubin and ALP activities
were comparable among the five groups. ALT activities were not
significantly different in control and AcE pre-treated rats. However,
ALT activity was significantly higher in Cd-treated rats when
compared to all other groups. AcE co-treated and AcE post-treated
rats showed significantly lower activities of ALT. AST activities were
significantly higher in Cd-treated and AcE pre-treated rats, but
significantly lower in AcE co-treated rats when compared to control
and AcE post-treated rats.

Histologic studies showed that the control rats had normal
hepatocytes and central veins. However, Cd-treated had severe
cellular degeneration, necrosis, and hepatocytes and localized fatty
degenerations. AcE pre-treated rats showed liver with moderate
vascular and hepatocytes degeneration. These effects were mild in
AcE post-treated rats. AcE co-treated rats showed a normal
hepatocytes and central veins.

Group 2 (Cd-treated)

Group 4(AcE co-treated)

Group 5 (AcE post-treated)

Fig. 1: Hepatic changes following administration of cadmium and Allium cepa (AcE) extract in rats

Table 1: Effect of ACE on cadmium-induced weight changes

VARIABLES GROUP1 GROUP 2 GROUP 3 GROUP 4 GROUP 5
Body weight Gain (g) 37.17+1.31 6.22+2.66** 32.62%6.35 30.22+3.16 30.27+4.68
Liver weight(g) 6.05+0.42 4.45+2.58 5.13+3.11 7.78+2.35 8.72+3.35

*p<0.05 versus control, **p<0.05 versus other groups
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Table 2: Effect of AcE and cadmium on lipid peroxidation parameters

VARIABLES GROUP1 GROUP2 GROUP3 GROUP4 GROUPS5
Hepatic SOD 3.80+0.56 0.48+0.43** 0.83+1.58 4.20£0.61 6.17+1.14
Activity (U)
Hepatic MDA 0.0028+0.0004 0.0055+0.0005** 0.0024+0.0003 0.0014+0.0007 0.0015+0.00058
Level (u/mg)
*p<0.05 versus control, **p<0.05 versus other groups

Table 3: Effect of ACE and cadmium on some liver function parameters
VARIABLES GROUP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5
Total serum 5.18+0.31 2.57+0.56%* 3.17+0.54** 4.47+0.43 5.92+0.31
Protein (g/dl)
Total serum 0.37+0.02 0.60+0.523 0.63+0.91 0.50+0.53 0.41+0.85
Bilirubin (mg/dl)
ALT (IU/L) 24.17+2.54 69.33+4.50** 25.50+4.20 18.20+0.20* 15.00+£1.14**
AST (IU/L) 31.33+1.17 86.50+12.72** 70.33+17.02* 23.30+0.43** 34.17+1.16
ALP (IU/L) 93.00+13.46 74.34+14.97 61.50+14.96 88.33+11.85 89.17+20.6

*p<0.05 versus control, **p<0.05 versus other groups

DISCUSSION

Cd is a toxic heavy metal widely used in various industries. Cd has
been associated with several tissue damage 134 However, liver,
which is one of the most important organs of the body system, helps
to detoxify toxic substances such as Cd by generating detoxifying
enzymes 17. This study thus shows the mechanisms by which liver
response to Cd exposure.

Previous studies reported that organ toxicity can be revealed by
reduction in the weight of the organ following exposure 519
However, the results from this study showed comparable liver
weight among the five groups of rats. Though, there was a slight
decrease in the liver weight of Cd-treated rats, this decrease was not
statistically significant. This confirms results of the study of Ige et al
L, In agreement with previous studies of Anderson et al % and Goyer
20, this study revealed a significant decline in body weight gain in Cd-
treated rats. The decrease body weight gain observed in Cd-treated
rats indicates a toxic effect of Cd on hepatocytes with consequent
depression of cellular metabolism and growth 21,

Results from this study showed that Cd significantly reduced
hepatic SOD activity and increase hepatic MDA level. This is in
agreement with previous studies which reported similar changes in
SOD activities and MDA levels in kidney tissues following Cd
treatment 1322232425 This study seems to be the first to report lipid
peroxidation (LPO) status in hepatic tissues. The diminution of SOD
activities in Cd-treated rats might be due to their response to
reactive oxygen species (ROS) generated under oxidative stress 26, It
might also be a consequence of an irreversible autocatalytic process
in which the sustained increase in ROS would finally lead to cellular
death 27. The decrease in SOD activities and generation of ROS are
basis for rise in hepatic MDA levels. These alterations were
prevented by AcE administration. This confirms the antioxidant
potentials of AcE reported by Ige et al 1. AcE with antioxidant
potential scavenges products of LPO and restores the antioxidant
defense systems of the liver.

Histopathologic studies revealed that alterations occurred in the
hepatic architecture of all treated rats except AcE co-treated rats.
Cd-treated rats showed severe cellular degeneration, necrosis, and
hepatocytes and localized fatty degenerations. AcE pre-treated rats
showed a moderate alteration in hepatic architecture, while AcE
post-treated rats showed a mild alteration. These morphological
hepatic changes may be due to the decline activities of hepatic SOD
and an increase hepatic MDA seen in Cd-treated rats. This is in
agreement with the study of Lora and Tetsuo 2. The normal hepatic
architecture seen in control and AcE co-treated rats could be
associated with the normal LPO status seen in them.

This study revealed that total serum protein is significantly
decreased in Cd-treated and AcE pre-treated rats. Similar

observation has been reported by Hristev et al °. It is a known fact
that albumin is solely synthesized in the liver and also to some
extent, a and 3 globulins. Fibrinogen, involved in blood coagulation,
is also known to be synthesized in the liver 28. If this is responsible
for the reduction in total serum protein seen in Cd-treated and AcE
pre-treated rats following cellular degeneration with resultant
suppression of hepatic synthetic function, then, there would be an
impaired coagulating property of the liver leading to a raise in total
serum bilirubin. However, observation from this study showed a
comparable total serum bilirubin level in all the five groups of rats.
This could suggest that the decrease levels of total serum protein
seen might be due to increase catabolism as reflected by reduced
body weight gain in Cd-treated rats and not a depressed hepatic
protein synthesis or the oxidative stress-induced reduction in total
serum protein was not severe enough to cause impairment of the
conjugating function of the liver.

The commonest enzymes employed as indicators of hepatocellular
damage are ALT, AST, and ALP. Damage to the liver results in
increase plasma activities of these enzymes. Increases in these
enzymes activities are proportional to the extent of the hepatic
damage 28. Serum activities of ALT and AST were increased
significantly following Cd treatment, thus suggesting hepatic tissue
damage. This is similar to previous studies 8%29. The increase in
these enzymes activities could be associated with oxidative damage
of hepatocytes reflected by the histologic study of the liver
architecture and a rise in MDA level of the Cd-treated rats. However,
AcE ameliorated this effect. This is similar to previous study of
Mantawy 30, Serum ALP activities were comparable in the five
groups. This suggests that Cd-induced hepatotoxicity is not
associated with serum ALP activity.

CONCLUSION

In conclusion, this study conducted in a male Wistar rat model
demonstrated that hepatoprotective effect of Cd is due to cumulative
oxidative damage. The observed increase in the activities of ALT and
AST is due to leakage of cytoplasmic enzymes into the circulation
following disruption of the normal architecture of the liver. The
mechanism by which AcE ameliorates Cd-induced hepatotoxicity is
its ability to maintain the integrity of the hepatocytes and
scavenging ROS.
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