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Abstract

The fresh matter or extracts from Moringa Oleifera (MO) have
antioxidant and protective effects against toxicants. The
hepatoprotective effect of leaf aqueous extract was studied on
cadmium-induced liver toxicity in albino rats. Thirty-six Wister
rats were divided into six groups (n=6). Group I: was negative
control received only distilled water, Group II: was the positive
control received 11mg/kg of CdCI2, Group III and Group IV
received 11mg/kg CdCI2, and concurrently treated with 250 mg/kg
b.w. and 500 mg/kg MO leaf aqueous extract, respectively. The
rats in groups V and VI received daily 250 mg/kg b.w. and 500
mg/kg of MO leaf aqueous extract, respectively. Cadmium toxicity
damaged hepatic tissues and the liver homogenate showed
increased MDA content accompanied by decreased SOD, CAT,
and GSH levels, whereas the serum showed altered liver function
by the increased activity of AST, ALT, ALP, GGT, and bilirubin
accompanied by decreased protein and albumin. Furthermore, the
administration of Moringa reversed the activities of serum hepatic
enzymes nearly to their normal levels, reduced lipid peroxidation,
increased the antioxidants levels, and recovered the normality of
the liver. In conclusion, moringa succeeded in protecting male rats
against cadmium-induced hepatotoxicity by alleviating liver injury
as evidenced by histological and biochemical examinations.
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Introduction

The industrial revolution has increased pollution and heavy metals
that are considered the greatest problem facing all living organisms
by affecting heredity, age, exposure route, and nutrition (Flora et
al., 1982). Excessive exposure to cadmium can affect animal and
human health, mainly from metal coatings, alloys, pigments, etc.
(Rani et al., 2014). In addition, cadmium as in CdCI2 has the
potential to accumulate not only in the kidney but also in the liver
which is the most important organ for human with a vital role in
the metabolism of nutrients, biochemical transformation of drugs
and chemicals, and protecting the body from toxic foreign
substances (Goering & Barber, 2010). Therefore, cadmium was
listed in the US Environmental Protection Agency (EPA) among
the 126 pollutants that are prioritized by the government (Jin et al.,

Fawzia A. Alshubaily” ,Ebtissam Soluman Almotairi

Biochemistry Department, Faculty of Science, King Abdulaziz
University, Jeddah, Saudi Arabia

*Email: falshibli @ kau.edu.sa

1998). Cadmium is capable of stimulating free radical production
that causes the lipids, DNA, and proteins to have an oxidative
deterioration so that it was known also as carcinogenic component
by IARC (Waisberg et al., 2003).

Moringa Oleifera (MO) Lam. of the family Moringaceae is found
in Arabia, Africa, India, Asia Minor and the west (Morton, 1991).
MO extracts of different parts of trees could be used to treat various
metal intoxications like lead, cadmium, and arsenic (Gupta et al.,
2005). The lethal dose (LD50) for moringa leaf aqueous extract is
1585 mg/kg (Awodele et al., 2012). Furthermore, M. oleifera is
used as anti-inflammatory, antioxidant, antidiabetic,
antiproliferative, anti-ulcer, hypolipidemic and hepatoprotective
agent (Al-Malki and El Rabey, 2015; Saini et al., 2016; El Rabey
et al., 2018; Elbakry et al., 2019). MO leaves are efficient agents
for anti-oxidants (He et al., 2018). Besides, leaves have an
oxidation resistance property (Sreelatha & Padma, 2009). Extract
of M. oleifera leaves contains phenolics and are shown to be
effective antioxidants (Davinelli et al., 2015).

Our investigation aimed to determine the hepatoprotective activity
of MO leaf aqueous extract against the toxicities of cadmium
chloride.

Material and Method:

Leaves of MO purchased from the herb market (Jeddah, Saudi
Arabia) and cadmium chloride anhydrous (CdCl12) from Sigma
(USA). Biochemical kits for the determination of the liver’s
functions were obtained from different companies. Kits for assays
of Malondialdehyd, reduced glutathione content, superoxide
dismutase, and catalase were from Elabscience Company, USA.

Animals and Experiment Design

36 male Wistar albino rats weighed between 200-220 g were
obtained from King Fahad Research Center, Saudi Arabia and
housed 6/cage in metal cages under standard conditions for two
weeks for adaptation before the beginning of the experiment. The
experiment was according to an approved protocol from the
animal ethics committee according to guidelines of care and using
animals in Saudi Arabia. The animals were divided to 6 groups
as follows; 1st group (GI) was negative control received only
distilled water, the 2nd group (G2) received 11 mg/kg CdCI2
(Kasi Viswanadh et al., 2010), the 3rd and 4th groups (G3&G4)
received CdCI2 as in G2 and were concurrently treated with 250
mg/kg b.w. and 500 mg/kg b.w. moringa aqueous extract,
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respectively. The 5th and 6th groups (G5&G6) received oral
doses of 250 mg/kg b.w. and 500 mg/kg b.w. moringa aqueous
extract, respectively. Rats received all treatments using oral
gavage and the experiment was conducted for 4 weeks.

Preparation of MO Aqueous Extract

M. oleifera leaves thoroughly washed with distilled water, sun-
dried for 48 hours, and then ground into a fine powder. The
aqueous extract was prepared by soaking 567g of the powder in
5.67 liters of distilled water under constant agitation with
intervals of 30 min for 3 days. Thereafter the solution was filtered
using 250 mm filter papers, and then freeze-dried at (-52°C). 103
g of semisolid product was produced. The suitable weight of the
product was dissolved in distilled water to obtain the required
concentration.

Blood Sample Collection

After 4 weeks of treatment, euthanasia was performed using
halothane. Samples of blood were collected from the heart,
centrifuged at 1,200xg for 10 min at 4°C, and stored at —20°C
until biochemical analysis was done.

Preparation of Liver Tissue Homogenate

About 175 mg of the liver was cut into appropriately sized pieces
in ice and then homogenized separately in 1.5-2 ml phosphate-
buffered saline (PBS), pH 7.4, by using Kinematica Polytron
Homogenizers. The homogenate was then centrifuged at speed of
4000 rpm for 15 minutes at 4°C. The resultant supernatant was
transferred into Eppendorf tubes and preserved at -80°C until use.

Liver Function Tests

Serum alanine transaminase (ALT, as IU/l), aspartate
aminotransferase (AST, as IU/1), alkaline phosphatase (ALP, as
1U/1), gamma-glutamyl transpeptidase (GGT, as IU/), total
bilirubin (TBIL, as pmol/l), total protein (TP, as g/l), and
albumin (ALB, as g/l) levels were measured using UniCel
DxC800 Synchron Clinical Systems.

Evaluation of Oxidative Status

Levels of catalase (CAT, as U/mg protein), superoxide dismutase
(SOD, as U/mg protein), reduced glutathione (GSH, as mg GSH/g
protein), and malondialdehyde (MDA, as nmol/mg protein) were
determined using special diagnostic kits (ELABSCIENCE
Company, Houston, Texas, USA).

Histopathological Examination

A piece of liver was fixed in 10% formalin, dehydrated 3 times in
a series of ethanol (70%, 80%, 90%, and 100%), and then cleared
using xylene three times and each step lasted one hour. Then,
tissue was embedded in paraffin wax three times for one hour
each. 5u sections were prepared using a microtome. The resulting
sections were stained with hematoxylin and eosin, and then
examined and photographed using a light microscope with a
digital camera.

Statistical Analyses

All the data were expressed as mean + SD (n = 6). Statistical
analyses were performed using a one-way analysis of variance
(ANOVA) with Microsoft excel program (2010), MegaStat
(10.0) Add-in. Values were considered statistically significant
when P<0.05, P<0.01 and P < 0.001.

Results

Oxidative Stress Biomarkers

Cadmium-induced toxicity in G2 significantly (P<0.01) increased
MDA levels and significantly (P<0.01) decreased SOD, CAT,
and GSH in the liver tissue homogenate compared to G1. Treating
cadmium-induced toxicity with 250 mg/kg and 500 mg/kg MO
leaf resulted in a significant increase in the reduced antioxidants
along with a significant decrease in MDA activities compared to
the corresponding values in CdC12-exposed group. MO treatment
at a higher dose of 500mg/kg showed a significant increase in
SOD and GSH levels while no significant changes were recorded
at the dose of 250mg/kg as compared with the negative control.
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Table 1. Effect of cadmium-induced toxicity and the concurrent treatment with moringa at a dose of 250mg/kg and 500mg/kg on oxidative

stress parameters in the liver tissue homogenate.

SOD CAT GSH
MDA
Animal groups (U/mg of (U/mg of protein) . (nmol/mg of
protein) (mg/g of protein) protein)
Positive control 0.504+0.020 25.89+0.914 0.558+0.091 2.239+0.350
.218+0.02 22.64+0.87 .379+0.047 4.975+0.
Negative control CdCl, 0 8**0 020 6 **O 879 0.3 9**0 0 9 5**0 693
CdCl: + M. Oleifera 0.471+0.033 25.03£1.071 0.504+0.057 2.376+0.343
(250mg/kg) # # # ##
CdCl: + M. Oleifera 0.485+0.030 26.21+£0.377 0.549+0.044 2.315+0.489
(500mg/kg) # it # #
M. Oleifera 0.51420.016 25.2720.705 0.55320.139 2.08620.236
(250mg/kg) T T T T
M. Oleifera 0.567+0.024 0.681+0.128
521, 16120,
500mgkgili s 26.521.794 N 2.16120.731

Data are represented as mean + SD. P <.05%; .01** Significantly different from the control group

P <.05# .01## significantly different from CdCI2 group.

Cadmium-induced toxicity in G2 significantly (P<.05) increased in
serum AST, ALT, ALP, GGT and bilirubin accompanied by a
significant reduction (P<.05) in serum protein and albumin
comparing to the negative control. The concurrent administration
of moringa aqueous extract significantly alleviated cadmium-
induced toxicity in the 3rd and 4th groups (treated with moringa
leaf aqueous extract at 250 mg/kg and 500 mg/kg b.w.,

respectively) and restored liver enzyme to normal levels by
reduction of AST, ALT, ALP, GGT and bilirubin, and significantly
(P<.05) increasing serum protein and albumin as compared to that
of cadmium chloride-exposed group. Administration of moringa in
the normal groups (G5&G6) at 250 mg/kg and 500 mg/kg b.w.
(P<.0.05) ameliorated liver function parameters compared to the
negative control.

Table 2. Effect of cadmium-induced toxicity and the concurrent treatment with moringa at a dose of 250 mg/kg to 500 mg/kg and their

combinations on liver function tests of the studied animal groups.

Animal AST ALT ALP GGT TBIL TP ALB
groups IU/L) IU/L) (IU/L) IU/L) (umol/L) (¢/L) (¢/L)
l\i‘c’iﬁtgf 126.707.13 | 76.99+11.67 | 221.86+46.57 | 6.480+1.60 | 3.267+1.33 | 56.83£5.43 | 15.411.79
Positive
226.80£10.23 | 90.52+9.28 | 320.28+53.83 | 9.97342.37 | 6.580+1.10 | 39.59+3.18 | 9.623+1.77
Contl‘Ol skk E3 EX 3 * skk skk skk
(CdCIL2)
CAC2+M. 1 10738 | 71372602 | 224434800 | 6.038+1.60 | 3.528+1.16 | 53.5647.04 | 13444273
Oleifera 4 4 4 4 4 M M
(250mg/kg)
C‘(’)‘;gf;g’[ 144294831 | 6547+7.51 | 184.85424.79 | 4.498+2.22 | 3.018+1.19 | 55.1047.62 | 14.03+3.89
(S00mgke) " i i H# H# H# #
M. Oleifera | 117.72£3.58 | 64.884939 | 168.37%30.93 | 4.053+1.45
+ + +
Cromake) . ) ; > 3.068+0.82 | 57.49+6.87 | 15.85+1.29
M. Oleifera | 115.93+2.96 | 62.93£6.13 | 159.65+17.12 | 3.5971.38
+ + +
Soomgke) - - o = 2.597+1.09 | 61.1743.65 | 16.25+0.97

Data are represented as mean + SD. P <.05%; .01** significantly different from the control group. P <.01#;.001##

significantly different from the CdCI2 group.
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Histopathology

Figure (1A) hepatic tissue of the negative control (G1) showed
polyhedral hepatocytes arranged radially in cords around the
central vein with normal vesicular nuclei and normal granular
cytoplasm. Moreover, the thin endothelial lining of the blood
sinusoids was noticed. However, cadmium-induced toxicity in G2
for 4 weeks caused serious changes in liver architecture (Fig.1B)
illustrated in congestion of central vein and the surrounding blood
sinusoids; hepatocytes displayed marked nuclear changes with
hydropic degeneration of the cytoplasm and enlarged Von Kupffer
cells with many congested blood sinusoids. However, the

concurrent administration with moringa leaf at 250mg/kg b.w to
cadmium-induced toxicity in G3 alleviated cadmium toxicity and
the hepatic tissues appeared normal except focal areas of
degenerated hepatocytes with aggregation of apoptotic cells and
the enlarged Von Kupffer cells (Fig. 1C), whereas the concurrent
administration with moringa leaf aqueous extract at 500 mg/kg
b.w. significantly protected hepatic tissues against cadmium-
induced toxicity and restored the normal appearance (Fig. 1D) with
normal vesicular nuclei and normal granular cytoplasm around the
central vein as in the negative control G1. Hepatic tissues G5 and
G6 rats treated with moringa leaf aqueous extract at dose 250
mg/kg b.w. (Fig. 1E) and 500 mg/kg b.w (Fig. 1F), respectively
showed normal hepatic structure.

Figure 1. A: hepatic tissue of G1 group showing normal tissues, B hepatic tissue of cadmium-induced toxicity group G2 showing severe
injury of hepatic tissues, C: hepatic tissue of cadmium-induced toxicity treated with 250 mg/Kg b.w. MO with near-normal tissues, D:
hepatic tissue of cadmium-induced toxicity treated with 500 mg/Kg b.w. MO with near-normal tissues, E&F: hepatic tissue of normal rats
administered with 250 and 500 mg/Kg of moringa leaf aqueous extract with normal tissues, arrows: central vein (H&Ex50).



105

J Biochem Tech (2020) 11(1): 101-107

Discussion

The current study focused on evaluating the antioxidant and
hepatoprotective activity of MO leaf aqueous extract against heavy
metals hepatotoxicity represented by cadmium in the form of
cadmium chloride in male rats. The results of this study showed
that cadmium caused severe toxic effects on the liver as revealed
by liver function markers and liver histopathology as higher
oxidative and shown by lower antioxidants such as SOD, CAT,
GSH, and the elevation of lipid peroxidation. The current results
are consistent with Donpunha et al. (2011) who stated that
exposure to cadmium causes many diseases such as cardiovascular,
osteoporosis, hypertension, and hepatotoxicity.

Cadmium-induced toxicity indirectly generates free radicles such
as hydroxyl, superoxide, and nitric oxide, which raises the
oxidative stress and consequently disintegrates cell walls of the
hepatic tissues (Stohs et al., 2001). From our data, we found that
the cadmium toxicity increased lipid peroxidation as observed by
a marked increase in the MDA levels with concomitant decreases
in SOD, CAT, and GSH accompanied by an alteration in the liver.
This result is consistent with Adaramoye & Akanni (2016) and
Chen et al. (2016). The decrease in CAT and SOD as a result of
cadmium toxicity may also be due to the binding of cadmium to
the enzymes (Waisberg et al., 2003). Besides, the reduced levels of
GSH due to cadmium expose the liver to be damaged by the
increased free radicles (Pari & Murugavel, 2005).

Treating cadmium-induced toxicity with different concentration of
MO leaf aqueous extract ameliorated reduced antioxidant by
decreasing lipid peroxidation and improving the histopathology.
Earlier studies on different extracts of different organs of moringa
showed that moringa has a higher antioxidant capacity by
scavenging the free radicles and reducing the oxidative in human
tumor cells and enhanced antioxidant of catalase and superoxide
dismutase (Sreelatha and Padma, 2011). Furthermore, Sreelatha
and Padma (2009) reported that moringa protects against oxidative
damage of the major biomolecules by scavenging the free radicals.
Moringa is rich in flavonoids, vitamin A, vitamin C and A, and
other phenolic compounds that increase its efficiency in preventing
the oxidative damage to the cell membrane of the biological cells
(Siddhuraju & Becker, 2003, Al-Malki and El Rabey, 2015;
Elbakry et al., 2019). Flora (2002) stated that the antioxidant
activity of ascorbic acid is due to its ability to convert soluble
ionized complexed with harmful metals.

The results of the current study are also consistent with Albrahim
and Binobead (2018) who reported that the administration of 200
mg/kg MO increases enzymatical and non-enzymatical
antioxidants and reduces MDA in hepatic tissues homogenate. In
the current study, an improvement in the hepatic tissues was also
observed. M. oleifera leaf extract-treated groups improved the liver
function comparing with CdCI2 which in agreement with Awodele
et al. (2012) and Sharifudin et al. (2013) who stated that MO leaves
reduce hepatocellular damage and hepatocyte necrosis.

Increase in activity of gamma-glutamyl transpeptidase, alanine
transaminase, aspartate aminotransferase, alkaline phosphatase,
and the increase in bilirubin level that accompanied with a decrease
in protein and albumin in the serum of CdCI2-treated group
compared to the negative control was observed. These signs
indicate liver susceptibility to cadmium toxicity. The increase in
liver function enzyme activity is a major effect of cadmium
hepatotoxicity (Gaskill et al., 2005). Besides, the resulted
hypoproteinemia in the CdCI2-treated group may be due to dietary
insufficiency and excessive excretion (Chawla, 2014; Gaskill et al.
2005). In our case, hypoproteinemia may be occurred due to
inflammation in the liver (Chawla, 2014).

Furthermore, increasing activities in liver function enzymes,
bilirubin levels, and decreasing protein and albumin for rat group
treated by CdCI2 is in accordance with Renugadevi & Prabu
(2010). This liver injury caused by CdCI2 may be due to membrane
damage resulted from the increased lipid peroxidation. In addition,
Ravikumar et al., (2005) found toxic substances increasing of
levels serum in liver function enzymes and bilirubin due to tissue
damage. However, Liss et al. (1985) reported an increase in serum
liver enzymes and bilirubin is a marker for liver dysfunction due
to liver toxicity occurred as a result of the structural and functional
effects on the liver.

The concurrent administration of the aqueous extracted MO with
cadmium attenuated the cadmium-induced hepatotoxicity as
improvement of functionally liver as revealed by decreased AST,
ALT, ALP, GGT, and bilirubin, and increased serum protein and
albumin. The hepatoprotective property of M. oleifera is ascribed
to its higher antioxidant activity and free radical scavenging
activity that caused stabilizing activity of the cell membrane
preventing enzyme leakage caused by cadmium hepatotoxicity
which is in accordance with Pari & Karthikesan (2007) and Toppo
et al. (2015). The antioxidant activity of MO is due to its flavonoid
content (quercetin and kaempferol) (Selvakumar & Natarajan,
2008).

Conclusion

Cadmium chloride-induced severe liver toxicity in the studied
male rats, whereas the concurrent administration of MO at two
different doses significantly decreased the abnormal changes
induced by cadmium and as revealed by the decrease in the serum
levels of hepatic enzymes and lipid peroxidation, and increasing in
the activities of the antioxidant enzyme. In addition, liver tissues
were also nearly restored their normal state as in the control
negative group. This was sustained because MO has high
antioxidant content, free radical scavenging capacity, and metal-
chelating property. All these activities of M. oleifera attenuate the
cadmium-induced hepatotoxicity.
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