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Abstract
The current study was conducted to evaluate the ameliorative and protective potentials ofMoringea oleifera leaves ethanolic extract
(MOLE) against thioacetamide (TAA) toxicity. A total of 58male albino ratswere randomly assigned into six experimental groups. G1,
rats received distilled water. G2, rats were injected with a single dose of TAA (200 mg/kg BW) i.p. G3, rats were given MOLE
(300mg/kg BW) orally for 26 days. G4, rats were injected TAA as inG2 and treatedwithMOLE asG3. G5, rats were kept for 26 days
without treatment then on day 27 injected with TAA as in G2. G6, rats were given MOLE for 26 days then on day 27 injected with
TAA. Phytochemical analysis of MOLE indicated the presence of kaempferol, kaempferol malonylglucoside, kaempferol hexoside,
kaempferol -3-O-glucoside, kaempferol-3-O-acetyl-glucoside, cyanidin -3-O-hexoside, ellagic acid, quercetin, quercetin-3-O-gluco-
side, and apigenin glucoside. Intoxication of rats with TAA significantly elevated activities of serum AST, ALT, and ALP; concentra-
tions of malondialdehyde, nitric oxide, and hepatic tissue protein expression of caspase 3 and COX2 with alteration of the histological
structures of hepatic tissues, while it decreased serum levels of total protein, albumin, and hepatic tissue contents of reduced glutathione.
Also, TAA intoxication resulted in 62.5%mortality in rats of G5. Treatment of TAA intoxicated rats (G4) withMOLE ameliorated the
toxic effects of TAA on hepatic tissue structure and function. It decreased serum activities of AST, ALT, and ALP; enhanced hepatic
GSH concentration; reduced pathological alterations and lipid peroxidation; and downregulated caspase 3 and COX2 proteins expres-
sion in hepatic tissue. In addition,MOLE protected rats of G6 from TAA-induced hepatic tissues injury and dysfunction, and increased
survival rate of rats. In conclusion, MOLE had both ameliorating and protecting potentials against TAA-induced rats liver damage
through regulation of antioxidant, anti-apoptotic, and inflammatory biomarkers.
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Introduction

Thioacetamide (TAA) is a synthetic compound (Budavari
1996), with different synonyms including thioacetamidic acid,

acetothioamide, and ethanethioamide, which present in the
environment as organic sulfur compounds (Zaleska et al.
2007). TAA has many applications such as in laboratories,
chemical stabilizer, and industrial use. It is utilized as an
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organic solvent in leather, textile, and paper industries as well
as a fungicidal agent (Akhtar and Sheikh 2013). Although
TAA is utilized as a fungicide to control the decay of citrus
fruits especially oranges, it considers as a potent chemical
carcinogen (Chilakapati et al. 2005). TAA has serious toxic
effects on different organs including the liver, kidney, spleen,
lung, intestine, stomach, and brain leading to profound struc-
tural and functional alterations (Avraham et al. 2009) occuring
through the production of free radicals and induction of oxi-
dative stress (Baskaran et al. 2010). TAA is considered a spe-
cific hepatotoxic agent as it contains thiono-sulfur compound
that is well known to induce hepatic damage through genera-
tion of reactive oxygen species (ROS) causing liver injury and
dysfunction (Wang et al. 2012). Acute toxicity of TAA re-
quires its oxidation to a stable S-oxide (TASO), which oxi-
dized further to a highly reactive S, S-dioxide (TASO (2)) that
attacks hepatic lipids and proteins (Hajovsky et al. 2012),
leading to changes in hepatocytes membrane permeability,
increase in intracellular Ca++ and mitochondrial activity inhi-
bition (Alshawsh et al. 2011), and finally extensive hepatocel-
lular necrosis (Perez-Tortosa et al. 2012).

Medicinal plants have been discovered and used in tra-
ditional medicine practices since prehistoric times. They are
widely used due to their low cost and their fewer side effects
(Abalaka et al. 2009). Moringa oleifera (MO), a medicinal
plant, belongs to the family moringaceae and is known gen-
erally as “sahajan” in Hindi and horseradish tree in English
(Roloff et al. 2009). It is widely distributed in the tropics and
subtropics countries (Modi et al. 2010). Its leaves are widely
used in developing countries as a good source of protein,
calcium, vitamin A, C, and E, β-carotene, amino acids, dif-
ferent polyphenolics, and several natural anti-oxidiant
agents (Luqman et al. 2012) such as rutin, quercetin,
kaempferol glycosides, and chlorogenic acids (Ndong
et al. 2015). The major phenolics bioactive compounds of
MO leaves are quercitin and kaempferol that responsible for
its antioxidant activity (Siddhuraju and Becker 2003). MO
has potential medicinal value (Iqbal and Bhanger 2006),
because various parts of MO have many therapeutic prop-
erties such hepatoprotective antioxidant, anti-inflammatory,
antitumor, diuretic, antipyretic, antiulcer, antihypertensive,
antispasmodic, antidiabetic, antimicrobial, and cholesterol-
lowering activities (Amjad et al. 2015; Abd Elatif et al.
2014; Abd Eldaim et al. 2017). The objectives of this study
could be summarized into two aims, aim 1: evaluate the
ameilorative potentials of Moringea oleifera leaves
ethanolic extract (MOLE) against thioacetamide (TAA)-in-
duced hepatic toxicity using rats as experimental models.
Aim 2: evaluate the protective potentials of MOLE against
the same toxicity, with further studying the possible mech-
anisms through which MOLE deserve its ameilorative and
protective potentials against TAA-induced hepatic toxicity
in rats.

Materials and methods

Animals

A total of 58male albino rats of 12 weeks age weighing 200 to
250 g were used in this study. The animals were obtained from
Benha University, Benha, Qalubiya Governorate, Egypt. All
animals were housed in standard plastic cages under con-
trolled laboratory conditions of humidity (65%), temperature
(20 ± 3 °C) and 12 (hrs) light/dark cycles. Rats were fed ad
libitum on normal commercial chow and had free access to
water. Rats were acclimatized to the laboratory conditions for
10 days before conducting the experiment. The experimental
treatments were conducted in accordance with ethical guide-
lines of the Animal Care and Use Committee of University of
Sadat City, which followed the Guide for the Care and Use of
Laboratory Animals 8th edition. Washington (DC): National
Academies Press (US); 2011.

Chemicals and reagents

Thioacetamide (TAA) was purchased from Sigma-Aldrich
Corporation (St Louis, MO, USA). Diagnostic kits for
assaying serum activities of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phasphatase
(ALP), and diagnostic kits for assaying serum levels of total
protein, albumin, urea, and creatinine were purchased from
Diamond Company, Egypt, while kits for assaying reduced
glutathione (GSH), malondialdehyde (MDA), and nitric oxide
(NO) content in hepatic tissue were purchased from Bio-
Diagnostics Ltd., Egypt. Other chemicals used in this study
were of analytic grades.

Preparation of plant extract

A total of 2 kg of fresh green leaves ofMoringa oleifera (MO)
were obtained from a local MO farm located in Sadat City,
Menoufia, Egypt (latitude 30.3597; longitude 30.4952). MO
leaves were identified and authenticated in Biochemistry de-
partment, Faculty of Veterinary Medicine, University of Sadat
City. Ethanolic extract of MO leaves (MOLE) was prepared
according to Sinha et al. (2012). In brief, fresh leaves of MO
were rinsed thoroughly with distilled water to remove dust and
debris then shade dried at room temperature after that it was
ground into powder. The powder was immersed in 70% eth-
anol for 48 h at room temperature (22 °C) with gentle shaking.
The contents were filtered through filter paper (Whatmann
size No. 1), then the filtrate was dried at room temperature
by air current to obtain a semisolid crude extract weighing
(250 g) with 12.5% as a crude percent. The extract was stored
in airtight container at 4 °C until used.
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Liquid chromatography-mass spectrometry (LC-MS)
analysis

LC-MS uses a Shimadzu LC-10 HPLC with a Grace Vydac
Everest Narrowbore C18 column (100 mm x × 2.1 mm i.d.,
5 μm, 300 Å) connected to an LCQ electrospray ion trap
MS (Thermo Finnigan, San Jose, CA). The sample dissolved
in LC-MS solvent: 60% MeCN in 0.1% FA with a linear
gradient ranging from 10 to 60% (v/v) MeCN in 0.1% (v/v)
FA at a flow rate of 0.3 ml/min over 75 min. The capillary
temperature was set at 220 °C and the spray voltage at 4 kV
(Rodríguez-Pérez et al. 2015).

Experimental design

To evaluate ameliorative and protective potentials of MO
leaves ethanolic extract against TAA-induced hepatic toxicity
in rats, our experiment was conducted to achieve both follow-
ing aims: Aim 1: evaluate the ameilorative potentials of
Moringea oleifera leaves ethanolic extract (MOLE) against
thioacetamide (TAA)-induced hepatic toxicity using rats as
experimental models. Aim 2: evaluate the protective poten-
tials of MOLE against the same toxicity of TAA. A total of 58
male albino rats were randomly assigned into six experimental
groups (aim 1: G1~G4 n = 10; aim 2: G5~G6 n = 9). G1, con-
trol, rats were received distilled water. G2, only TAA intoxi-
cated, rats were injected with TAA (200mg/kg BW) dissolved
in distilled water i.p. (Aydin et al. 2010) as a single dose at day
one of the experiment then rats were kept without treatment
for 26 successive days. G3, only MOLE administrated, rats
were given MOLE (300 mg/kg BW) dissolved in distilled
water orally (Ujah et al. 2013) for 26 successive days. G4,
early TAA intoxicated then MOLE treated, rats were injected
with a single dose of TAA at day one of the experiment as in
G2 and co-treated with MOLE as in the G3. G5, only TAA
intoxicated, rats were kept for 26 days without treatment then
on day 27 of experiment, rats were injected with a single dose
of TAA (200 mg/kg BW) dissolved in distilled water i.p. and
then rats were sacrificed after 72 h from the TAA injection.
G6, early MOLE treated then late TAA intoxicated, rats were
givenMOLE as in G3 then on day 27 of experiment, rats were
injected with a single dose of TAA as in G5 and rats were
sacrified after 72 h from the TAA injection, during which
MOLE treatment was continued for a total 30 days.

Blood and tissue sampling

Blood samples were collected on the day 27 from G1~G4 and
on the day 30 fromG5~G6. Rats were anesthetized with diethyl
ether. Blood sampleswere collected from orbital venous plexus.
Sera samples were separated and stored at − 20 °C until used for
further analysis. After blood collection, rats were sacrificed and
livers were removed, washed with normal physiological saline

solution, and divided into 2 parts. The first part was stored at −
80 °C and used for assaying reduced glutathione (GSH),
malondialdehyde (MDA), and nitric oxide (NO). The second
part was kept in 10% neutral formalin for histopathological and
immunehistochemical examination.

Preparation of tissue homogenate for measuring
of GSH, MDA, and NO

Prior to dissection, tissues were perfused with phosphate buffere
saline solution (PBS) pH 7.4 containing 0.16 mg/ml heparin to
remove red blood cells and clots. Tissues (222mg) were homog-
enized by using tissue layzer in 2 ml cold buffer (50 mM potas-
sium phosphate, pH 7.5, and 1 mM EDTA for GSH), (50 mM
potassium phosphate, pH 7.5 for MDA), and (100 mM potassi-
um phosphate, pH 7 and 2 mM EDTA for NO). Tissue homog-
enate was centrifuged at 4000 rpm for 15 min at 4 °C. The
supernatant was aspirated and stored at − 80 °C till analysis.

Biochemical assay

Biochemical assays were done for measuring the following
parameters: Serum activities of ALT and AST (Reitman and
Frankel 1957); serum activity of alkaline phasphatase (Henry
1964); serum total protein concentration (Gornall et al. 1949);
serum albumin concentration (Doumas et al. 1971); serum
urea concentration (Fawcett and Scott 1960); and serum cre-
atinine level (Murray 1984). Lipid peroxidation products and
MDAwere determined in liver homogenate according to Sto
Satoh (1978) and Ohkawa et al. (1979). GSH content of he-
patic tissue was determined according to Beutler et al. (1963).
Nitric oxide (NO) content in liver homogenate was deter-
mined according to Montgomery and Dymock (1961).

Histopathological examinations

Liver samples of each group were fixed in 10% neutral formalin.
Tissues were processed and embedded in paraffin wax. Sections
were cut with a thickness of 5 μm and stained with H&E for
histopathological examination. Five fields per section were ex-
amined for evaluation of hepatic damage. For assessment of
hepatotoxicity, a semi quantitative lesion scores were graded
from 0 to 4 (Chen et al. 2008), in which 0, no tissue
annormalities; 1, mild injury consisting of vacuolar degeneration
and focal nuclear pyknosis; 2, moderate to severe injury with
extensive nuclear pyknosis, intensely eosinophilic cytoplasmic
and loss of intercellular borders; and 3, severe necrosis with
disintegration of hepatic cords and leucocytic cell infiltration.

Immunohistochemical analysis

Following deparaffinization, the liver tissue sections were
hydrated and soaked in 3% hydrogen peroxide. After that,
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tissue’s sections were incubated in blocking buffer (protein
block, serum-free solution; DAKO Corporation,

Carpinteria, CA). Immunohistochemical analysis was per-
formed using a polyclonal rabbit antibody anti-caspase 3

Fig. 1 Identified compounds from Moringa oleifera using mass spectrometry analysis. MOLE were prepared and phytochemically analyzed using
liquid chromatography-mass spectrometry (LC-MS)
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and anti-COX-2 (Cayman Chemical, Ann Arbor, MI,
USA). Diaminobenzidene (DAB, Sigma Chemical Co,
USA) was used to demonstrate the immune reaction. For
quantification the immune reaction, 4-point scoring system
was carried out according to Feldstein et al. (2003), in
which 0 = no staining, 1 = positive staining in less than
30% of cells per high-power field (40X), 2 = positive stain-
ing in more than 30% but less than 70% of cells per high-
power field, and 3 = positive staining in more than 70% of
cells per high-power field.

Statistical analysis

All data were presented as mean ± standard error
(SEM). Data from G1-G4 were compared by one-way
analysis of variance (ANOVA) followed by post hoc test
to determine the significant differences, while data from
G5~G6 were compared by independent unpaired t test
using the statistical analysis system program (SPSS),
version 20 (IBM®, USA). p < 0.05 was considered
significant.

Results

Phytochemical analysis of MOLE

Phytochemical analysis of MOLE by using liquid
chromatography-mass spectrometry (LC-MS) indicated the
presence of kaempferol, kaempferol malonylglucoside,
kaempferol hexoside, kaempferol -3-O-glucoside,
kaempferol-3-O-acetyl-glucoside, cyanidin -3-O-hexoside,
ellagic acid, quercetin, quercetin-3-O-glucoside, and apigenin
glucoside (Fig. 1 and Table 1).

MOLE ameliorated the effects of TAA on liver function
biomarkers

Administration of rats of G2 with TAA significantly elevated
(p < 0.05) serum activities of ALT, AST, and ALP, and it sig-
nificantly reduced serum levels of total protein and albumin
compared to those of normal control rats (G1). However, ad-
ministration of MOLE to TAA intoxicated rats of group (G4)
significally reduced (p < 0.05) serum activity of ALP with a
non-significant reduction of serum activities of ALTand AST,

Fig. 1 (continued)
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and also it significantly increased (p < 0.05) serum levels of
both total protein and albumin compared to those of rats in-
toxicated with TAA (G2) (Table 2). However, administration
of rats of G3 with MOLE had no significant effects on the
mentioned parameters (Table 2).

For studying the protective effects of MOLE against TAA
toxicity. TAA injection in rats of group (G5) dramatically
elevated activities of serum ALT, AST, and ALP while it de-
creased serum levels of total protein and albumin. However, in
group (G6) administration of MOLE for 26 days before intox-
ication with TAA, it prevented TAA-induced alteration of liv-
er function biomarkers as it kept the activaties of serum ALT,
AST, and ALP and the levels of both serum total protein and
albumin at the normal control ranges (Table 5). Thus, MOLE
had a protective effect against TAA-induced alteration of liver
function biomarkers.

MOLE ameliorated TAA-induced alteration of kidneys
function biomarkers

Administration of rats of G2with TAA slightly increased serum
levels of urea and creatinine compared to G1, while

administration of MOLE to TAA intoxicated rats (G4) normal-
ized serum levels of urea and creatinine (Table 2).
Administration of rats of G3 with MOLE significantly reduced
serum level of urea compared to that of the control group, G1
(Table 2).

Intoxication of rats with TAA (G5) increased serum level
of urea while it had no significant effect on serum creatinine
level. However, MOLE protected the kidney and kept serum
urea level within normal control value of rats intoxicated with
TAA (G6) (Table 5).

MOLE modulated TAA-induced oxidative stress
in rats’ hepatic tissues

Intoxication of rats of G2 with TAA significantly decreased
hepatic concentration of the antioxidant biomarker, GSH,
while it significantly increased hepatic lipid peroxidation bio-
marker, MDA, and NO concentrations compared to those of
the control group. However, administration of MOLE to TAA
intoxicated rats (G4) significantly increased (p < 0.05) hepatic
GSH concentration while significantly reduced hepatic con-
centrations of MDA and NO compared to those intoxicated
with TAA and left without treatment (G2) (Table 3).

Intoxication of rats of G5 with TAA induced oxidative
stress in hepatic tissues, which indicated by dramatical in-
crease of hepatic concentration of MDA, NO, and significant
decrease in GSH. In contrast, administration of rats of G6with
MOLE for 26 days prior to toxicity protected hepatic tissue as
it reduced TAA-induced lipid peroxidation and NO concen-
tration while it increased GSH concentration in hepatic tissues
(Table 6).

MOLE reduced TAA-induced pathological alterations
in rats’ hepatic tissues

Microscopical examination of liver of rats of both G1 and G3
showed normal tissues architecture (Fig. 2a, e and Table 4).

Table 1 Identified compounds fromMoringa oleifera

Compound M.F M.W (Da)

Kaempferol C15H10O6 286.24

Kaempferol malonylglucoside C24H22O14 534.43

Kaempferol hexoside C21H20O11 448.38

Kaempferol -3-O-glucoside C21H20O11 448.38

Kaempferol-3-O-acetyl-glucoside C23H22O12 490.42

Cyanidin -3-O-hexoside C21H21O11
+ 499.39

Ellagic acid C14H6O8 302.19

Quercetin C15H10O7 302.24

Quercetin-3-O-glucoside C21H19O12
− 463.37

Apigenin glucoside C21H20O10 432.38

Table 2 Ameliorative effect of
Moringae oliefera leaves
ethanolic extract (MOLE) against
TAA-induced alteration in serum
liver and kidney function
biomarkers

Groups Control (G1) TAA group (G2) MOLE group (G3) TAA group and
MOLE (G4)

ALT(U/I) 41.96b ± 2.89 65.00a ± 4.22 42.42b ± 2.08 55.43a ± 3.90

AST(U/I) 111.30b ± 3.80 142.00a ± 6.00 113.90b ± 7.90 136.70a ± .7.80

ALP (U/I) 314.62c ± 50.30 666.60a ± 47.90 395.33c ± 36.20 524.00b ± 9.80

Total protein (g/dl) 6.00a ± 0.80 3.04b ± 0.36 5.30a ± 0.41 3.90a ± 0.43

albumin (g/dl) 4.15a ± 0.23 2.80b ± 0.214 4.08a ± 0.25 3.50a ± 0.13

Urea (mg/dl) 24.10a ± 1.30 27.90a ± 0.82 19.30b ± 0.96 24.30a ± 1.00

Creatinine (mg/ dl) 0.54 ± 0.02 0.64 ± 0.03 0.54 ± 0.03 0.59 ± 0.08

Mean value ± SE (standard error)

The mean difference is significant at p < 0.05

The values carrying different letters in the same ROW were statically different

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase
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Livers of G2 showed severely congested blood vessels with
thrombus formation. The portal area showed inflammatory
cells infiltration, edema peri cholangitis, and arteritis.
Degenerative and necrotic changes in hepatic parenchyma
with multi focal areas of necrosis and mononuclear cells infil-
tration were detected (Fig. 2b, c, and d and Table 4). Liver of
TAA intoxicated then MOLE treated rats (G4) showed nearly
normal hepatic parenchyma with slight inflammatory reaction
in the portal area (Fig. 2f and Table 4).

Microscopical examination of liver of rats of G5
showed congested blood vessels and hepatic sinusoids,
thrombus formation, degeneration and necrosis of the
wall of blood vessels, focal area of necrosis, focal and
diffuse mononuclear cells infiltration, and inflammatory
cells in the portal area (Fig. 5a, b, c and Table 7).
Livers of rats of G6 showed congested blood vessels
with mild degree of inflammation in the portal area
(Fig. 5d and Table 7).

MOLE reduced TAA-induced apoptotic
and inflammatory markers in rats’ hepatic tissues

Immunohistochemical analysis showed no caspase-3 im-
mune stained cells in the hepatic tissues of the control
(G1) and MOLE administered rats (G3), respectively
(Fig. 3a, c, and e). On contrary, intoxication of rats of
G2 with TAA significantly elevated Caspase-3 concen-
tration compared to normal control rats, which repre-
sented by strongly stained cells in the liver of TAA
intoxicated rats (G2) (Fig. 3b and e). Treatment of
TAA intoxicated rats with MOLE (G4) significantly re-
duced hepatic Caspase-3 protein expression in hepatic
tissues compared to that of the TAA intoxicated rats
only (G2) which represented by moderate staining of
hepatic cells (Fig. 3d, e).

Livers of the control group (G1) showed no Cox2 immune
reactive cells (Fig. 4a, e). Administration of rats with TAA
(G2) significantly elevated hepatic Cox2 expression com-
pared to G1, which represented by strong immune reactivity

in hepatocytes, kupffer cells, and vascular endothelium (Fig.
4b, e). Very weak COX2 immune reactivity confined to
kupffer cells was recorded in the hepatic tissue of G3 (Fig.
4c, e). Treatment of TAA intoxicated rats of G4 with MOLE
significantly reduced hepatic Cox2 protein expression com-
pared to G2 which demonstrated by sporadic immune reactiv-
ity in hepatocytes and kupffer cells of the hepatic tissues (Fig.
4d, e). Intoxication of rats of G5 with TAA induced apoptosis
in the hepatic tissue, which donated by caspase 3 protein ex-
pression in hepatic tissues (Fig. 6a, c). However, administra-
tion of rats of G6 with MOLE for successive 26 days prior to
TAA injection significantly reduced hepatic tissues apoptosis,
which represented by decreased hepatic tissues Caspase 3
protein expression (Fig. 6b, c). Intoxication of rats of the G5
with TAA increased protein expression of COX2 in the hepat-
ic tissue which represented by diffuse immune reactivity and
strongly stained COX2 immune reactive cells (Fig. 7a, c). In
contrast, administration of rats of G6 with MOLE for succes-
sive 26 days significantly decreased TAA-induced hepatic
Cox2 protein expression, which demonstrated by moderate
stained COX2 immune reactive cells that confined to the
centrilobular zone and the surrounding kupffer cells (Fig. 7b,
c).

MOLE extract rescued rats from TAA-induced
mortality

Administration of MOLE prior to TAA intoxication has
protected rats from the mortality induced by TAA intoxica-
tion. In details, TAA intoxication in G5 recorded a mortality
rate of 62.5%; however, there was no recordedmortality in G6
(Table 8).

Discussion

Thioacetamide (TAA) is a specific hepatotoxic agent, which
induces hepatic damage through generation of ROS (Wang
et al. 2012), while Moringa has hepatoprotective and

Table 3 Ameliorative effect of
Moringae oliefera leaves
ethanolic extract (MOLE) against
TAA-induced oxidative stress in
hepatic tissues:

Groups Control (G1) TAA group (G2) MOLE group (G3) TAA group and
MOLE (G4)

GSH (nmol/g/tissue) 94.73b ± 3.90 66.44c ± 3.90 120.18a ± 8.30 118.80a ± 3.50

MDA (nmol/g/tissue) 47.12c ± 3.00 73.00a ± 3.00 47.80c ± 1.60 56.90b ± 2.90

NO (μmol/g/tissue) 45.60b ± 4.20 78.30a ± 8.60 50.40b ± 1.80 59.40b ± 3.50

Mean value ± SE (standard error)

The mean difference is significant at p < 0.05

The values carrying different letters in the same ROW were statically different

GSH, reduced glutathione; MDA, malondialdehyde; NO, nitric oxide

Environ Sci Pollut Res (2019) 26:32488–3250432494



Table 4 Ameliorative effect of
Moringae oliefera leaves
ethanolic extract (MOLE) against
TAA-induced pathological
alteration in hepatic tissues

Groups Control (G1) TAA group (G2) MOLE group (G3) TAA and MOLE
group (G4)

Pathological lesions score 0.60a ± 0.24 2.40c ± 0.24 0.40a ± 0.24 1.20b ± 0.20

Mean value ± SE (standard error)

The mean difference is significant at p < 0.05

The values carrying different letters in the same ROW were statically different

Fig. 2 Ameliorative effects of
MOLE on rat liver tissue
structure: a Normal control rats,
G1, showing normal tissue
architecture. b, c, d TAA-
intoxicated rats, G2, showing
severely congested blood vessels
with thrombus formation. The
portal area showed inflammatory
cells infiltration, edema peri
cholangitis, and arteritis.
Degenerative and necrotic
changes in hepatic parenchyma
with multi focal areas of necrosis
and mononuclear cells
infiltration. e MOLE-treated rats,
G3, showing normal tissue
architecture. f TAA- and MOLE-
treated, G4, showing nearly
normal hepatic parenchyma with
slight inflammatory reaction in
the portal area
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Fig. 3 Immunohistochemical analysis of activated caspase-3 in liver
tissue of rats (showing ameliorative effects of MOLE). a Normal
control rats, G1, showing no caspase-3 immune-stained cells. b TAA-
intoxicated rats,G2, showing diffuse strongly stained caspase-3 immune
reactive hepatic cells. c MOLE-treated rats, G3, showing showed no

caspase-3 immune stained cells. d TAA- and MOLE-treated, G4,
showing moderately stained caspase-3 immune reactive cells. e Graph
showing the expression level of activated caspase-3. Columns with
different letters are significantly different (p < 0.05)
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Fig. 4 Immunohistochemical analysis of cyclooxygenase-2 (COX-2) in
liver tissue of rats (showing ameliorative effects of MOLE). a Normal
control rats, G1, showing no COX-2 immune reactive cells. b TAA-
intoxicated rats, G2, showing diffuse strongly stained COX-2 immune
reactive cells; N.B, both hepatocytes and kupffer cells showed strong

immune reactivity. c MOLE-treated rats, G3, showing very weak COX-
2 immune reactive kupffer cells. d TAA- and MOLE-treated rats, G4,
showing few sporadic COX-2 immune reactive cells. e Graph showing
the expression level of COX-2. Columns with different letters are
significantly different (p < 0.05)
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Fig. 5 Protective effect of MOLE
on rat liver tissue structure. a, b, c
TAA-intoxicated rats, G5,
showing focal area of necrosis,
congested blood vessels and
hepatic sinusoids, focal and
diffuse mononuclear cells
infiltration, thrombus formation,
degeneration and necrosis of the
wall of blood vessels, and
inflammatory cells in the portal
area. d MOLE-treated then TAA-
intoxicated rats, G6, showing
congested blood vessels withmild
degree of inflammation in the
portal area.

Fig. 6 Immunohistochemical analysis of activated caspase-3 in liver
tissue of rats (showing protective effects of MOLE). a TAA-intoxicated
rats, G5, showing strongly stained caspase-3 immune reactive cells in the
centrilobular area. b MOLE- then TAA-intoxicated rats, G6, showing

weakly stained caspase-3 immune reactive cells in the centrilobular
area. c Graph showing the expression level of activated caspase-3.
Columns with different letters are significantly different (p < 0.05)
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antioxidant activities due to its free radical scavenging activity
(Singh et al. 2014). The current study revealed that intoxica-
tion of rats with TAA significantly elevated ALT, AST, and
ALP activities that matched with the finding of (Kabiri et al.
2013; Chinonyelum et al. 2015) who indicated that TAA in-
toxication significantly increased serum activities of ALT,
AST, and ALP. In addition, our results indicated that TAA
intoxication led to significant reduction in total protein and
albumin levels, which agreed with Hussein et al. (2014) and
Rao et al. (2014). The decline of total protein level might be
attributed to the decreasing effect of TAA on serum albumin
level (Khawar et al. 2016). The decreased serum albumin level
might due to reduction of its synthesis by livers (Rosalki and
Mcintyre 1999). These alterations in liver function biomarkers
might be attributed to TAA-induced liver injuries (Figs. 2c, d,
and e and 5a, b, and c) and oxidative stress in hepatic tissues
(Tables 3 and 6) that represented by elevation of lipid perox-
idation biomarker, MDA, and NO concentrations and
reduction of antioxidant biomarker, GSH, and concentration
in the hepatic tissues. These findings agreed with those of
Ajith et al. (2007) and Mansour et al. (2015) who showed that
TAA increases MDA and NO concentrations while it de-
creases GSH concentration, and this led to hepatocellular
damage and losses of functional integrity of hepatic cellular

membrane (Al Attar et al. 2012). TAA metabolism produces
cetamide and thioacetamide S-oxide (TAASO) (Kim et al.
2000) that further metabolized by oxidative stress to other
toxic products (de David et al. 2011), which bind to hepatic
tissues and result in extensive hepatic tissue necrosis
(Chinonyelum et al. 2015). In addition, it is responsible for
many changes occuring in hepatocytes such as increased en-
largement of nucleoli, changes of cell permeability, and inhi-
bition of mitochondrial activity leading to liver necrosis
(Minnady et al. 2010; Alshawsh et al. 2011). TAA induces
hepatic tissue necrosis via activating cytochrome p450 into a
highly toxic metabolite which combines with protein
sulphahydryl groups resulting in rapid depletion of intracellu-
lar GSH that increases oxidative stress initiating hepatic tissue
apoptosis and necrosis (Saad et al. 2013). Reduced glutathione
(GSH) plays a major role in detoxification process via remov-
al of H2O2, free radicals, and certain foreign compounds
(Fazal et al. 2015). The elevated content of NO induced cel-
lular toxicity leading to lipid peroxidation via reacting either
with biomolecules or other free radicals yielding the highly
reactive peroxynitrite radical, which oxidize important cellular
biomolecules (Abdel Salam et al. 2013). The increased NO
production might occur in response to inflammatory cyto-
kines, such as interferon-c, tumor necrosis factor alpha, or

Fig. 7 Immunohistochemical analysis of cyclooxygenase-2 (COX-2) in
liver tissue of rats (showing protective effects of MOLE). a TAA-
intoxicated rats, G5, showing strongly stained COX2 immune reactive
cells. b MOLE- then TAA-intoxicated rats, G6, showing moderately

stained COX2 immune reactive cells confined to the centrilobular zone
and the surrounding kupffer cells. Graph showing the expression level of
COX2. Columnswith different letters are significantly different (p < 0.05)

Environ Sci Pollut Res (2019) 26:32488–32504 32499



interleukin-1B, which induced unregulated inducible nitric
oxide synthase (iNOS) (Merrill et al. 1997). Our study re-
vealed that TAA increased the protein expression of apoptotic
factor caspase 3 (Figs. 3c and 6a) in hepatic tissues. This
finding was in line with that of Hayami et al. (1999) who
indicated that TAA intoxication resulted in apoptosis through
release of cytochrome C and activation of caspase 3. TAA-
induced apoptosis involved caspase-3 activation along with
extensive necrosis (Dhanalakshmi et al. 2003). Apoptosis is
induced through two main, alternative pathways: death
receptor-mediated (or extrinsic) and mitochondria-dependent
(or intrinsic), both lead to the activation of executor caspases
(Musumeci et al. 2011; Huppertz et al. 1999; Zamli and Sharif
2011; Musumeci et al. 2014). Caspases are a group of intra-
cellular cysteine protease enzymes that destroy essential cel-
lular proteins, leading to controlled cell death. There are two
types of caspase enzymes: initiator caspases (caspases 2, 8, 9,
and 10), activated through the apoptosis-signaling pathways,
that activate the effector caspases (caspases 3, 6, and 7), which

in an expanding cascade, carry out apoptosis. Caspase 3 pro-
motes the typical apoptosis features, including DNA fragmen-
tation and cell death in many tissues including cartilage
(Musumeci et al. 2013; Shakibaei et al. 2007; Giunta et al.
2015; Chittenden et al. 1995).

Apoptosis induced by TAA is mediated through interensic
or mitochondrial pathway as confirmed by several studies
(Reed 1994; Chen et al. 2008; Yang et al. 2014). In addition
to dramatic increase of ROS production, Chen et al. (2008)
demonstrated the upregulation of Bax gene with increase in
the amount of Bax protein following TAA treatment.
Translocation of Bax protein into the mitochondria disinte-
grates its membrane with consequent release of pro-
apoptotic proteins, including cytochrome c, (Padma and
Setty 1997) and activation of initiator caspases (caspase-9)
and eventual caspase-3 (Eleftheriadis et al. 2016; Ghosh
et al. 2016). Moreover, TAA-induced caspase 3 protein ex-
pression in hepatic tissues might be attributed to oxidative
stress that induces nuclear translocation of nuclear factor kap-
pa B (NF-κβ). NF-κβ induces the expression of the normally
repressed fatty acid synthetase (FAS) ligand which promotes
apoptotic cell death. FAS ligand binds to FAS on adjacent
hepatocytes leading to caspase3 activation that enhances
apoptotosis of hepatocytes (Koek et al. 2011; Patel and
Sanyal 2013). In addition, TAA intoxication upregulates Bax
protein and downregulates the anti-apoptotic protein Bcl-2
that activate caspase-3 initiating apoptosis (Emi et al. 2005).
Furthermore, our concurrent study indicated that TAA intox-
ication increased inflammatory biomarker and cyclooxygen-
ase 2 (COX-2) protein expression in hepatic tissues (Fig. 4c
and 7a). This finding was matched with that of Algandaby
2016 who reported that TAA elevates protein expression of

Table 5 Protective effect ofMoringae oliefera leaves ethanolic extract
(MOLE) against TAA-induced alteration in serum liver and kidney
function biomarkers

Groups TAA group
(G5)

MOLE then TAA
group (G6)

ALT(U/I) 59.20a ± 3.02 45.96b ± 4.12

AST (U/I) 203.00a ± 4.90 123.00b ± 6.20

ALP(U/I) 943.70a ± 68.80 406.20b ± 58.60

Total protein (g/dl) 2.96b ± 0.14 5.00a ± 0.58

albumin (g/dl) 2.52b ± 2.70 3.69a ± 0.28

Urea (mg/dl) 29.20a ± 0.50 21.40b ± 2.70

Creatinine (mg/dl) 0.667 ± 0.15 0.665 ± 0.05

Mean value ± SE (standard error)

The mean difference is significant at p < 0.05

The values carrying different letters in the same ROW were statically
different

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, al-
kaline phosphatase

Table 6 Protective effect ofMoringae oliefera leaves ethanolic extract
(MOLE) against TAA-induced oxidative stress in hepatic tissues

Groups TAA group
(G5)

MOLE then TAA
group (G6)

GSH (nmol/g/tissue) 67.00b ± 2.50 121.40a ± 8.30

MDA (nmol/g/tissue) 91.90a ± 2.70 47.00b ± 2.70

NO (μmol/g/tissue) 103.70a ± 5.14 50.60b ± 1.14

Mean value ± SE (standard error)

The mean difference is significant at p < 0.05

The values carrying different letters in the same ROW were statically
different

GSH, reduced glutathione; MDA, malondialdehyde; NO, nitric oxide

Table 7 Protective effect ofMoringae oliefera leaves ethanolic extract
(MOLE) against TAA-induced pathological alteration in hepatic tissues

Groups TAA group
(G5)

MOLE then TAA
(G6)

Mean pathologic score 1.60a ± 0.50 0.80b ± 0.37

Mean value ± SE (standard error)

The mean difference is significant at p < 0.05

The values carrying different letters in the same ROW were statically
different

Table 8 Protective effect ofMoringae oliefera leaves ethanolic extract
(MOLE) against TAA-induced mortality

Groups TAA group
(G5)

MOLE then TAA
group (G6)

Total number of rats 8 10

Number of dead rats 5 10

Mortality rate (%) 62.5 0
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COX-2 in hepatic tissue macrophages. Inflammatory mono-
nuclear phagocytes participate to the increase of COX-2 gene
expression in acute and chronic liver damage induced by var-
ious toxins (Giannitrapani et al. 2009). COX-2 expression is
induced by different cytokines, growth factors, and mitogens
(Paik et al. 2009). TAA induced oxidative stress that increases
hepatic NF-κβ p65 and COX-2 expression with elevation of
tissue levels of the TNF- a and IL-1b (Baeuerle and Baichwal
1997). TNF-a has a pivotal role in liver pathophysiology due
to it stimulates hepatocyte cell death through NF-κβ -depen-
dent gene expression (Wullaert et al. 2007). NF-κβ also in-
duces the expression of enzymes whose products contribute in
the pathogenesis of inflammation, including COX-2 (Pahl
1999), which induces cellular inflammation and necrosis
through increasing eicosanoids (Hu 2003). Yin et al. 2007
reported that TAA intoxication induces livers injury via hepat-
ic satellate cells activation that express COX-2 (Efsen et al.
2001 and Ftahy et al. 2012), which subsequntly activates
NF-κB in HSC such as LPS, TNF, IL-1β, and angiotensin II
(Seki et al. 2007). Our study indicated that TAA intoxication
elevated urea level (Tables 2 and 5). The elevation of urea
concentration was associated with hypoproteinemia, which
might be attributed either to enhanced protein catabolism or
nephrotoxicity caused by TAA (Khawar et al. 2016). On the
other hand, Chen et al. (2008) reported that single intravenous
administration of TAA did not induce hypotension or renal
failure and no changes in kidney histopathology was indicat-
ed. Finally, TAA intoxication led to 62.5% mortality in rats of
the 5th group (G5) (Table 6), which might be explained by
TAA induced liver failure as Butterworth et al. (2009) report-
ed that TAA induces acute liver failure, which accompanied
with mortality rate more than 80% (Lee 2012).

Regarding the ameliorative effects ofMOLE, against TAA-
induced toxicity, our results showed that oral administration of
MOLE to TAA intoxicated rats of G4 normalized the effect of
TAA on liver enzymes; moreover, its administration before
TAA intoxication protected rats against TAA-induced liver
dysfunction (G6). Administration of MOLE enhanced activi-
ties of serum ALT, AST, and ALP and normalized serum
levels of total protein and albumin (Tables 2 and 5). These
findings agreed with that of El-bakry et al. (2016) who denot-
ed that MOLE administration ameliorates the effects of CCl4-
intoxication on serum activities ALT, AST, and ALP and se-
rum levels of total protein and albumin. This improvement in
liver function biomarkers may be related to the improvement
effect of MOLE on hepatic tissue architecture (Fig. 2f and 5d)
due to its antioxidant activities (Tables 3 and 6) that represent-
ed by decreased MDA, and NO concentrations and increased
GSH concentration in the hepatic tissues, which might protect
hepatocyte from TAA-induced damage. The stabilization ef-
fect of MOLE on serum proteins levels of TAA intoxicated
rats, which considered as an indication of enhanced protein
synthesis in the hepatic cells, might due to suppression of lipid

peroxidation and scavenging of free radicals (Mandal et al.
1993). Moringa oleifera aqueous extract according to Abd
Eldaim et al . 2017 prevented the changes in the
histoarchitecture of hepatic tissues and normalized hepatic
levels of glutathione, MDA, and gene expression of caspase
3 in hepatic tissue. MOLE reduced hepatic cells necrosis due
to it contains phenols, coumarins, lignans, essential oil, mono-
terpenes, carotinoids, glycosides, flavonoids, organic acids,
lipids, alkaloids and xanthenes, ascorbic acid, phenolics
(kaempferol, quercetin, ellagic acid, apigenin, cyanidin, cate-
chin, epicatechin, ferulic acid, ellagic acid, myricetin) (Fig. 1
and Table 1) (Buraimoh et al. 2011; Sinha et al. 2012) that
have antioxidant activity (Ezuruike and Prieto 2015). In addi-
tion, our study was in accordance with that of De David et al.
2011 who reported that TAA administration induces hepatic
necrosis and increases serum transaminase activity and hepat-
ic lipoperoxidation. In addition, it alters p-ERK 1/2 (phos-
phorylated extracellular-signal related kinase 1/2) as well as
induces imbalance between pro apoptotic protein Bax and
anti-apoptotic protein Bcl-2 expression. However, administra-
tion of rats with quercetin (50 mg/Kg i.p.) for four consecutive
days following TAA administration normalized serum aspar-
tate aminotransferase (AST) and alanine aminotransferase
(ALT) activity and prevents TAA-induced hepatic necrosis.
Quercetin also inhibited TAA-induced change of the p-
ERK1/2 and the increase in Bax/Bcl-2 ratio, thus preventing
apoptosis. Furthermore, the hepatoprotective effect of MOLE
might attribute to scavenging of free radical and downregula-
tion of NF-κB (Berkovich et al. 2013), which suppresses in-
ducible nitric oxide synthase (iNOS) expression, (NO) pro-
duction, and COX-2 expression (Park et al. 2011). The other
possible reason is the reduction of the protein expression of
caspase 3 in hepatic tissues (Figs. 3d and 6b). In addition, our
results showed that administration of MOLE reduced COX2
protein expression (Figs. 4d and 7b). This finding agreed with
Muangnoi et al. 2012 who indicated that Moringa oleifera
leaves and pod downregulate cytokines, tumor necrosis factor
alpha, iNOS, and COX2. Furthermore, our results showed that
administration of MOLE kept serum urea level within normal
range (Tables 2 and 5), this finding agreed with that of
Mansour et al. (2014) who indicated that administration of
rats aqueous extract of Moringa oleifera for 15 days prior to
irradiation reduced the elevated serum levels of urea and
creatinine, protected the integrity of kidney, and increased its
regenerative capacity. On the other hand, Alain et al. (2016)
reported that M. oleifera leaves powder water extract treat-
ment induced no significant difference in serum levels of
blood urea, creatinine, and uric acid. Oral administration of
rats withMOLE before TAA intoxication (G6) protected them
from TAA-induced mortility (Table 6). The protective effects
of MOLE may be due to antioxidant and anti-inflammatory
activities of MOLE that protected hepatocytes from TAA-
induced damage (Tables 7 and 8).
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Conclusion

TAA intoxication induced alteration in hepatic tissue structure
and function with 62.5% mortality in rats. In contrast, MOLE
administration prior and after TAA toxicity modulated the
toxic effects of TAA on hepatic tissue structure and function
and protected rats from mortality. Thus, MOLE had amelio-
rating and protecting potentials against TAA-induced liver
damage through regulation of antioxidants, anti-apoptotic,
and inflammatory biomarkers.
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