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Abstract

Heavy metals cytotoxicity results in high oxygen species production,
which leads to continuous injury and dysfunction of different organs including
liver. Thus, the present investigation was carried out to evaluate the effect of
aqueous extract of Artemisia herba alba leaf powder on nickel induced liver
oxidative damage in rats. Male’s albino Wistar rats were divided into four
groups, eight each. The first group served as a control, the second group given
orally aqueous extract of Artemisia (300mg/kg b.w), the third group was treated
intraperitoneally with nickel (20mg/kg b.w) and the fourth group was given both
nickel and artemisia. The treatment of all groups was lasted for consecutive
three weeks. The biochemical liver parameters were determinated. Liver
glutathione, malondialdehyde, catalase, glutathione peroxidase and glutathione-
S-transferase were also estimated. Nickel exposure resulted in a significant
increase of AST, ALT, ALP, liver MDA and GST and a decline of GSH, catalase
and GSH-Px. However, the administration of Artemisia restored the previous
biochemical parameters. From the results, it can be concluded that Artemisia
herba alba has the ability to attenuate Ni-induced liver oxidative damage due to

Stress

its antioxidants power.
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Introduction

Nickel (Ni) is a metallic compound found abundantly in the
Earth’s crust. It exists in various forms, including elemental nickel
(Ni), Nickel Oxide (NiO), Nickel Chloride (NiCl), nickel sulfate
(NiSO,), nickel carbonate (NiCO,), nickel monosulfide (NiS) and
nickel subsulfide (Ni,S,). Human is constantly exposed to nickel
through air, drinking water, food consumption or tobacco smoking
[1]. After entering into the body, nickel penetrates all organs,
accumulating primarily in bone, liver and kidney and excreted in bile
and urine [2]. Ni induces the production of free radicals. The later
have been shown to promote cell damage [3]. In addition, depletion
in reduced glutathione (GSH), Glutathione Peroxidase (GSH-Px)
and Glutathione-S-Transferase (GST) activities were also observed
after exposure to Ni [4]. The use of medicinal plants as interesting
source of natural chemical substances is today the form of the most
widespread medicine worldwide, because these compounds have a
potential source of natural antioxidants and biologically active [5,6].
Artemisia is a genus of small herbs and shrubs found mainly northern
temperate regions. It belongs to the important family Asteraceae, one
of the largest families, which comprise about 1000 genera and more
than 20000 species [7]. Within this family, Artemisia encompasses
more than 500 species. A wide range of morphological and
photochemical variability characterizes it, which is associated with
different geographical origins of the samples [8]. Artemisia herba-
alba (“desert wormwood” in English; “armoise blanche” in French
and “shaih” in Arabic), is a medicinal and deserts of the Middle East

(Egypt), North Africa (Tunisia, Algeria and Morocco) and Southern
Europe (Spain and Italy), extending into the North western Himalaya
[9]. Artemisia species isolated compounds are known mainly for
their antidepressant, hepatoprotective, antimicrobial, antifungal,
neuroprotective, antitumoral and insecticidal proprieties [10].
However, to the best of our knowledge, there is no study regarding
the examination of Artemisia against nickel hepatic intoxication.
Therefore, the aim of the present study is to assess the protective
effects of Artemisia on Ni-induced hepatotoxicity in male albino
(Wistar) rats.

Materials and Methods

Chemicals and reagents

Nickel sulfate, 2-thiobarbituric acid (TBA), Butylaled
Hydroxytoluene (BHT), 5.5'-dithiobis-2-nitrobenzoic acid (DTNB),
trichloroacetic acid (TCA), were obtained from Sigma Chemical Co.
(St. Louis, France) and all other chemicals were of analytical grade.

Plant material and preparation of the extract

The plant, Artemisia herba alba, was collected in January 2016
from the region of Bordj Bou Arreridj (Northeastern Algeria;
longitude: 4" 81 East, latitude 36" 08’ Nord, altitude varies between
302m and 1,885m). The aerial parts of the plant were washed, dried
at room temperature in the dark and finally ground into powder. The
aqueous extract was prepared as follow: 6g of the grounded A. herba.
Alba was dissolved in 25ml of boiling distilled water; the hot infusion
was then left for 15 minutes at room temperature and filtered. The
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Figure 1: Reduced glutathione levels in liver of control and rats treated with
Artemisia (Art), nickel (Ni) or their combination (Ni + Art) after 3 weeks of
treatment. Significantly different from control: **p<0.001, *p<0.05; from Ni:
#p<0.001. Values are given as mean + SEM, number of samples = 8.

Experimental groups

Figure 3: GSH-Px activity in liver of control and rats treated with Artemisia
(Art), nickel (Ni) or their combination (Ni + Art) after 3 weeks of treatment.
Significantly different from control: *p<0.01; from Ni: #p<0.01. Values are
given as mean = SEM, number of samples = 8.
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Figure 2: TBARS levels in liver of control and rats treated with Artemisia
(Art), nickel (Ni) or their combination (Ni + Art) after 3 weeks of treatment.
Significantly different from control: *p<0.01; from Ni: #p<0.05. Values are
given as mean + SEM, number of samples = 8.

obtained filtrate was used for the biological tests on animals.

Qualitative screening

Phenolics: To 2ml of aqueous extract, Iml of 1% ferric chloride
solution was added. Blue or green color indicates phenols [11].

Flavonoids: In a test tube containing 0.5ml of aqueous extract of
the samples, 5 to 10 drops of diluted HCI and small amount of zinc
were added and the solution was boiled for few minutes. Appearance
of reddish pink or dirty brown color indicated the presence of
flavonoids [12].

Tannins: To 2ml of aqueous extract 2ml of 5% FeCl3 was added.
Formation of yellow brown precipitate indicates the presence of
tannins [13].

Terpenoids: In a test tube 5ml of extract, 2ml of chloroform and
3ml of concentrated H,S0, was mixed. A reddish brown coloration of
the inter face was formed to show positive results for the presence of
terpenoids [14].

Treatment of animals

Thirty two male albino (Wistar) rats (weighting 230 to 250g)
were obtained from Pasteur Institute. Animals were acclimated for
two weeks under laboratory conditions of photoperiod (12-h light/

dark), relative humidity (40%) and temperature (24+2°C). A standard
diet and water were provided ad-libitum. Rats were randomly divided

into four groups of eight each as follows: The first group served as
a control. The second group (Art) was treated orally with Artemisia
herba. Alba aqueous infusion (300mg/kg b.w) [15]. The third group
(Ni) was intraperitoneally injected with nickel as nickel sulphate
(NiSO,, 6H,0) at a dose of 20mg/kg b.w [16]. Rats in the fourth
group (Ni+Art) were treated with both nickel and Artemisia. The
experimental procedures were carried out according to the National
Institute of Health Guide-lines for Animal Care and approved by the
Ethics Committee of our Institution. The treatments of rats continued
for a period of three weeks. At the end of the experiment, total body
weight was recorded and animals were sacrificed by decapitation
without anesthesia to avoid animals stress. Blood was transferred into
ice cold centrifuged tubes. Tubes were then centrifuged for 10 minutes
at 3000 rpm and serum was used for glucose, total protein, urea,
AST, ALT and ALP assessments. Liver was immediately removed,
weighed and one part was processed for assaying glutathione, MDA
and antioxidant enzymes activities. The remaining part served for the
histological study.

Estimation of serum biochemical parameters

Different biochemical parameters
spectrophotometrically using commercially available kits from
Spinreact (Spain, Refs: glucose-41011, total protein-1001291, urea-
1001329, AST-1001165, ALT-1001175 and ALP-1001131).

were assayed

Tissue preparation

About 1g of liver was homogenized in 2 ml of buffer solution of
phosphate buffered saline solution 1:2 (w/v; 1g tissue in 2ml TBS,
pH 7.4). The homogenates were centrifuged at 10,000g for 15 min
at 4°C, the supernatants and the resultant supernatant was used for
the determination of MDA, reduced glutathione, protein and the
antioxidant enzymes including GSH-Px, GST and CAT.

Estimation of lipid peroxidation level

The lipid peroxidation level in liver homogenate was measured
as malondialdehyde (MDA), which is the end of lipid peroxidation.
It reacts with thiobarbituric acid (TBA)) to produce a red colored
complex with a peak absorbance at 530nm [17].

Estimation of reduced glutathione level

The liver GSH content was estimated using a colorimetric
technique, as mentioned by Ellman [18], and modified by Jollow et
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Figure 4: GST activity in liver of control and rats treated with Artemisia (Art),
nickel (Ni) or their combination (Ni + Art) after 3 weeks of treatment.
Significantly different from control: *p<0.05; from Ni: #p<0.01. Values are
given as mean + SEM, number of samples = 8.
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Figure 5: CAT activity in liver of control and rats treated with Artemisia (Art),

nickel (Ni) or their combination (Ni + Art) after 3 weeks of treatment.

Significantly different from control: *p<0.01; from Ni: #p<0.01. Values are

given as mean + SEM, number of samples = 8.

Figure 6: Effect of nickel sulphate (Ni) and Artemisia herba alba aqueous
extract (Art) co-administered with Ni on histopathological damage in the liver.
Control (A), treated with Art (B), treated with Ni(C) and Art co-administrated
with Ni (D), H&E X400.

Arrows: CV; central vein, S; sinusoidal space, V; vacuolisation, ((); dilatation
and vascular congestion in sinusoids, (Q); infiltration of mononuclear cells
and ballooning degeneration, ( £1 ) cells necrosis.

al [19], based on the development of a yellow color when DTNB [(5,5
dithiobis-(2-nitrobenzoic acid)] is added to compounds containing
sulthydryl groups. The GSH concentration (nmol GSH/mg protein)
was obtained from the absorbance at 412nm.

Measurement of antioxidant enzymes activities

The activity of GSH-Px (EC 1.11.1.9) was measured by the
procedure of Flohe and Gunzler [20], reading the absorbance at420nm.
Glutathione-S-transferase (EC 2.5.1.18) catalyzes the conjugation
reaction with glutathione in the first step of mercapturic acid
synthesis. The activity of GST was measured according to the method
of Habig et al [21]. P nitrobenzyl chloride was used as substrate. The
absorbance was measured spectrophotometrically at 340 nm at 30 s
intervals for 3 min. The catalase (EC 1.11.1.6) activity was assayed by
the method of Aebi [22]. Enzymatic reaction is initiated by adding an
aliquot of 20ml of the homogenized tissue and the substrate (H,0,) to
a concentration of 0.5M in a medium containing 100mM phosphate
buffer (pH 7.4). Changes in absorbance were recorded at 240nm. CAT
activity was calculated in terms of micromoles of H,O, consumed per
minute per milligram of protein.

Measurement of protein content

The protein content of tissues was determined by the method of
Bradford [23] using bovine serum albumin as a standard.

Histopathological analysis

For histopathological analysis, the liver tissues were dissected
and the tissue samples were immediately fixed in formalin solution,
embedded in paraffin. The paraffin sections were cut into 5pm
thick slices and stained with hematoxylin and eosin (H&E) for light
microscopic examination. Then the sections were viewed under light
microscope for histological examination [24].

Statistical analysis

Data are shown as means + SEM. Statistical significance of the
results obtained for various comparisons was estimated by applying
one way analysis of variance (ANOVA) followed by Student’s t-test
and the level of significance was set at p < 0.05.

Results

Screening of the plant material revealed the presence of phenols,
tannins, flavonoids and terpenoids. Qualitative estimations of
bioactive constituents are summarized in Table 1.

Effects of treatments on body and liver weights

The variations in the body, absolute and relative liver weights of
male rats in control and treatment groups are given in Table 2. During
the course of present investigation, it was noticed that body weights
of controls and Artemisia treated animals increased progressively
throughout the study. However, body weight gain and food intake
were decreased in rats treated with nickel with an increase of both
absolute and relative liver weights. Meanwhile, the co-administration
of Artemisia to nickel animals, led to a restoration of body weight,
liver weight and food intake.

Effects of treatments on biochemical parameters

As seen in Table 3, treatment with Ni caused a significant increase
in serum glucose, serum urea concentrations, AST, ALT and ALP
activities with a decline in serum total proteins. Whereas, the previous

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Pharmacol Ther 6(2): id1106 (2018) - Page - 03



Kechrid Z

Austin Publishing Group

Table 1: Phytochemical screening of Artemisia herba alba L aqueous extract.

Bioactive Agents Presence (+)/Absence (-)
Phenols +++
Flavonoids +
Tannins +
Terpenes +++

+, +++: indicating the level of the photochemicals in Artemisia herba alba plant.

Table 2: Changes in body, absolute and relative liver weights, and food intake in
control and rats treated with Artemisia (Art), nickel (Ni) or their combination (Ni +
Art) after 3 weeks of treatment.

Experimental groups

Control Art Ni Ni+Art
Parameters
(n=8) (n=8) (n=8) (n=8)
Initial body wt(g) | 242.83+7.25238.5+2.81 | 245+13.06 | 247.16+9.97

Body wt gain/loss(g) 25.83+13.67 24+4.97  -25+21.73** -17.66+8.23***
Food intake 16.50+1.10 | 17.67+1.55 12.61**+1.20 15.21%+0.40
(g/day/rat)

Absolute Liver wt(g) = 7.04+0.52 | 6.96+0.42 | 7.99*+0.84 = 7.400.70
Relative liver 3.81£0.28  3.92:0.20  4.73*+0.69 | 4.58*+0.42
weight(g)

Significantly different from control: *p <0.05, **p<0.01, *** p<0.001; from Ni:
#p<0.01.Values are given as mean +SEM, n=number of animals.

biochemical parameters were ameliorated in Ni+ Art.

Effects of treatments on hepatic oxidative stress
parameters

The GSH, TBARS (MDA), GSH-Px, GST and catalase values are
shown in Figures 1-5, respectively. It can be seen that animals treated
with nickel presented higher TBARS concentration and GST activity.
Simultaneously the levels of GSH, GSH-Px and catalase activities
were decreased. However, the supplementation of Artemisia resulted
in an improvement and recovery of the above hepatic oxidative stress
parameters.

Effects of treatments on liver histoarchitecture

Liver of the control group presented regular histological
structure with a characteristic pattern of hexagonal lobules (Figure
6A). Accordingly, no histological alterations were observed in the
liver of Artemisia-treated group (Figure 6B). In contrast, Ni-treated
group showed slight histological alterations such as dilatation and
vascular congestion in sinusoids, infiltration of mononuclear cells
and ballooning degeneration (Figure 6C). Interestingly, the Ni-
Artemisia group showed prominent recovery in the form of hepatic
histoarchitecture (Figure 6D).

Discussion

It is known that plants rich in secondary metabolites such as
phenolic compounds have antioxidant proprieties. According to
the findings obtained, the phytochemical analysis showed that
Artemisia herba alba extract contained high levels of total phenolic
compounds, tannins, flavonoids and terpenoids. This is in agreement
with the findings of Salhi et al [25]. A number of plant extracts have
been investigated for their hepatoprotective and antioxidant effects
against hepatotoxin-induced liver damage [26]. In the current study,
rats treated with nickel presented lower body weight gain and food
intake compared to the controls, which is consistent with several

Table 3: Changes of biochemical parameters in control and rats treated with
Artemisia (Art), nickel (Ni) or their combination (Ni + Art) after 3 weeks of treatment.

Control Art Ni Ni+Art
Parameters

(n=8) (n=8) (n=8) (n=8)
Glucose (g) 0.98:0.12 | 0.86%0.03  1.73":029 | 1.21°#:0.05
Tma(;z;tei“ 6.13:031 | 7104052 | 4857011 | 5.69%+0.11
Urea (mg/dl) 52.34+1.20 = 44.02°+2.21 = 58174151 | 47.41%178
AST (UIIL) | 111.66 +21.31 106.61 + 11.15 179.94"+16.23  123.63%+26.44
ALT (UIL) = 97.28+5.66 @ 88.38+7.31  149.07°+5.76 113.11°#+6.24
ALP (UIL) 519.72+13.87 451.19"+15.55 543.57"+12.89 524.14"#+13.94

Significantly different from control: *p<0.05, **p<0.01; from Ni: #p<0.05, ##p <
0.01, ###p<0.001.
Values are given as mean +SEM, n= number of animals.

previously published studies [27,28]. Reduction in weights might be
due to low food consumption, hormonal imbalance and a decrease in
protein synthesis [29]. Meanwhile, administration of nickel induced
a significant increase both absolute and relative liver weights. This
might be explained by the accumulation of nickel in the liver [30]
or nickel can lead to cell death by apoptosis of certain cell lines, due
to the accumulation of toxic lipid derivatives such as ceramides. The
later induce cellular hypertrophy of the target organ [31]. All these
physiological changes were upturned in rats treated with nickel in
association with Artemisia herba alba extract. The greater gain in
body weight of these animals certainly resulted from an increase in
daily food consumption (increase appetite) and promotion of protein
synthesis. Moreover, Artemisia herba-alba extract might have the
ability to reverse gluconeogenesis and control protein loss [32]. The
increase in blood glucose of Ni-treated rats was supported by the
findings of Dahdouh et al [27], who reported that the rise in serum
glucose may indicate a disrupted carbohydrate metabolism resulting
from enhanced break down of liver glycogen, possibly mediated
by an increase of pancreatic release of glucagon and subsequently
can lead to hypoinsulinemia, through inhibition of insulin release
from rat islets. Thus, these alterations were found to cause a drastic
variation in the insulin/glucagon plasma ration [33]. On the other
hand, the elevation of blood glucose could be explained by the
involvement of nitric oxide mediated pathways [34]. Nevertheless,
the supplementation of Artemisia reduced glucose level. Tastekin
et al [35] concluded that Artemisia herba alba could reduce the
absorption of glucose from the intestine and inhibit the reabsorption
of glucose by kidney tubules. Another possibility would be Artemisia
increased sensitivity to insulin receptors [36]. A decline in serum
proteins and an increase of urea levels were recorded in nickel group.
These variations probably due to changes in protein synthesis and/
or metabolism [37]. The findings indicated also an increase of serum
transaminases and alkaline phosphatase activities. This it could
be attributed to the hepatic damage resulting a release and leakage
out of these enzymes from the liver cytosol into the blood stream,
which gives an indication on the hepatotoxic effect of this metal
[38-40]. Interestingly, the biochemical perturbations seem to be
correlated with the liver histological alterations such as the presence
of cellular debris within a central vein, dilatation, vascular congestion
in sinusoids and a cytoplasmic vacuolization, plasma membrane
destruction, infiltration of mononuclear cells, cells necrosis and
cellular hypertrophy due possibly to the formation of highly reactive
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radicals because of oxidative threat induced by nickel. Conversely, the
co-treatments with Artemisia increased protein concentration and
reduced urea levels, GOT, GPT, and ALP activities, suggesting that
this plant offered a considerable level of hepatoprotection through
a contributory hepatoprotective mechanism, which accelerates the
regeneration process and the production of liver cells [41]. MDA is the
most abundant individual aldehyde resulting from lipid peroxidation.
So this aldehyde can be considered as an important indicator of
lipid peroxidation [42]. The increase of MDA concentration in the
present study is an indication of lipid peroxidation provoked by
nickel intoxication. In other words, the increase of hepatic MDA
in Ni-treated rats is possibly related to the decline in the GSH-Px
activity, which scavenges hydroperoxides and lipid peroxides [43].
The diminution of glutathione level in nickel rats may be as result of
oxidative stress, which has been occurred, in nickel toxicity. In other
words, the reduced of antioxidant production was due to the increase
of oxygen metabolites and to the elevated of free radicals, which cause
a decrease in the activity of the anti-oxidant defense system [44,45]
and several pathways have been proposed to show the depletion of
GSH level in heavy metal toxicities. Firstly. The sulthydryl group of
cysteine moiety of glutathione has a high affinity of metals, forming
thermo-dynamically stable mercaptide complexes with several metals
[46]. These complexes are inert which can be excreted via the bile
[47]. Secondly, GSH may be oxidized due to the interaction with
the free radicals induced by nickel. Therefore, GSH level could be
consumed during nickel detoxification [48,49]. Antioxidant enzymes
are considered to be the first line of cellular defense against oxidative
damage, which prevents biological macromolecules from oxidative
injury and removes peroxides, free radicals, and superoxide anion
generated within the cell. In the current study, the significant
decrease in the antioxidant enzymes activities CAT and GSH-Px of
liver proved their consumption during the breakdown of free radicals
and H202 or the inhibition of the enzymes by free radicals [50]. In
addition, the decrease in the activity of GSH-Px might result directly
from the decreased level of GSH following Ni-exposure since GSH-
Px activity depends on GSH level. Glutathione-S-Transferase (GST)
enzyme has an important role in detoxification of xenobiotic, drugs
and carcinogens and thus protects the cells against redox cycling
and oxidative stress [51]. Increased GST activity following nickel
exposure suggests a counteracting mechanism adopted by the
system to eliminate nickel [52]. The co-administration of Artemisia
herba alba aqueous extract showed a strong antioxidant activity via
enhancement of GSH concentration, antioxidants enzymes activities
and inhibition of lipid peroxidation production in hepatic tissue.
It has been documented that Artemisia Herba plant contains wide
variety of antioxidant molecules, such as phenolic acids and other
natural antioxidants [53]. Several studies reported excellent linear
correlations between phenolic contents and antioxidant capacity
for plant samples indicating that extracts with highest polyphenol
contents showed higher antioxidant activity [54-57].

Conclusion

Treatment with Artemisia herba alba restored the morphological
and the biochemical changes and began to recover the normal tissue
histology. So Artemisia herba alba aqueous extract has considerable
hepatoprotective outcome against nickel-induced hepatic dysfunction
and oxidative damage. Such protection is undoubtedly attributed to
its antioxidant properties by chelating metal ions and scavenging the

generated free radicals.
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