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Carbon tetrachloride (CCl4) is a Potential nephrotoxin that causes severe and prolonged chemical toxicity.
Investigations have been accomplished on numerous species of genus Artemisia, but the plant Artemisia
brevifolia has hardly been used in this respect. The present study was considered to ascertain the effects
of ‘‘Artemisia brevifolia plant extract” against CCl4 prompted nephrotoxicity in male albino rats. Forty-
eight male albino rats were allocated into eight groups containing 6 rats in each. Group I was the control
group. Group II was given dimethyl sulfoxide (DMSO) (1 ml/kg) orally. Group III was treated with dis-
solved CCl4 in olive oil (1 ml/kg). Group IV was given CCl4 + Silymarine. Group V and VI were adminis-
tered with Artemisia brevifolia extract (150 and 300 mg/kg respectively) + CCl4. Group VII and VIII were
provided with only 150 and 300 mg/kg extract of Artemisia brevifolia respectively. Results displayed that
CCl4 administration significantly (p < 0.05) reduced the activity of antioxidant enzymes like catalase
(CAT), peroxidase (POD), Superoxide dismutase (SOD), glutathione (GSH), glutathione reductase (GSR),
glutathione-S-transferase (GST), albumin, creatinine clearance and Comet parameters (head length, %
in head) while increased the level of thiobarbituric acid reactive substances (TBARS), hydrogen peroxide
(H2O2), urea, creatinine, urobilinogen, urinary proteins and comet parameters (number of comets, tail
length, comet length, tail moment, % in tail). The administration of Artemisia brevifolia significantly
(p < 0.05) improved the histopathology of renal tissues. The results revealed that Artemisia brevifolia
has protective consequences against CCl4 induced kidney damage.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

CCl4 is one of the most potent toxins, which is widely used in
scientific research to produce an experimental model that mimics
the oxidative stress in many pathophysiological situations
(Yoshioka et al., 2016; Samad et al., 2020). Several previous studies
have indicated that CCl4 is the best model for the generation of
reactive oxygen species (ROS) in many tissues (Kamisan et al.,
2014). The toxicity produced by CCl4 depends on the production
of trichloromethyl radical (CCl3� ), which further converts trichloro-
methyl into trichloromethyl peroxyl radical (CCl3O2

� ) in the pres-
ence of oxygen that is more toxic than trichloromethyl radicals
(Ali and Abdelaziz, 2014). Chlorine and trichloromethyl radicals
are formed due to the metabolic regeneration of CCl4 by cyto-
chrome P-450 enzymes, which increases the oxidant-antioxidant
instability. These Free radicals trigger lipid peroxidation and initi-
ate a prolonged chain reaction (Naz et al., 2014). Excessive free
radical production causes massive damage in lipids, proteins and
DNA. Extensive disruption of DNA strands may trigger compen-
satory cell transformation and cell death due to the effect of
CCl4-induced toxicity. It is revealed that CCl4-induced oxidative
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stress leads to renal toxicity inciting several uncontrolled disorders
by producing acute and chronic kidney failure (Khan and Zehra,
2013; Naz et al., 2014).

There are various types of plants having efficient medicinal and
therapeutics values. Herbal medicines are considered healthier,
which have been proved a blessing for the treatment of several dis-
eases (Bora and Sharma, 2011; Bari et al., 2020). The increasing
tendency for the effective treatment of oxidative stress based dis-
eases has inspired investigators to assess the antioxidant potential
of therapeutic plants and plant-based active constituents (Wang
et al., 2019). The demand for remedial plants has been increased
worldwide due to their potential therapeutic role (Afsar et al.,
2015). In the current situation, pieces of evidence are available to
illustrate the immense capability of medical plants used in several
curative techniques (Zhao et al., 2020). Various plants are the
source of bioactive compounds that are effective ROS scavengers
(Alkreathy et al., 2014; Sahreen et al., 2015). The naturally occur-
ring antioxidants act as a protective agent to counter the effects
of free-radicals that may instigate various permanent damages.
Natural antioxidants containing plant extracts have shown useful
curative abilities against chemically persuaded damages (Bakr e
al., 2019). Secondary metabolites of plants are the prime reason
for their medicinal properties. Scavenging of free radicals via
plant-based products can provide another viable approach to cure
tissue injury caused by oxidative stress (Khan et al., 2009).

The Artemisia genus is one of the extensively distributed genera
of Asteraceae family containing over 500 different species, and this
genus is distributed primarily in North America, Asia and Europe
(Mehrdad et al., 2007). It has antibacterial, anticholesterolemic,
insecticidal, antiseptic, cholagogue, antipyretic, purgative, diuretic,
vasodilatory functions and is also used for jaundice treatment and
inflammation of gall bladder (Gruenwald, 2000). Artemisia brevifo-
lia, locally named as ‘Afsanteen’ is widely used in ethno-veterinary
medicine system of Pakistan as an anthelmintic plant (Iqbal et al.,
2004). It is found in the temperate Himalayas on dry stony slopes
and open areas. It is one of the major species of cold desert Hima-
laya especially in Ladakh and Kashmir areas. Its flowering shoots
and leaves have been used as a local medicine since years. It has
been used as a carminative and digestive, hence mixed with local
meat recipes. It has been known to be an antiseptic, anthelmintic,
laxative, aphrodisiac, blood purifier, febrifuge, stomachic and anti-
dote to scorpion stings (Watts, 1971; Chinese Academy of Sciences,
2013; Himalayan Voices, 2020: web). But the protective role of
Artemisia brevifolia on the kidneys has not yet been investigated
on the basis of scientific evidences. By keeping this in view, recent
study is planned to investigate the curative capability of methano-
lic extract of the A. brevifolia on CCl4 persuaded nephrotoxicity in
albino male rats.
2. Material and methods

2.1. Chemical

CCl4 was obtained from Sigma Aldrich, USA. The dose was pre-
pared through dilution in olive oil.
2.2. Plant collection and preparation of extract

A. brevifolia plant was collected at the end of September 2018
from the area of Noori Top (Naran valley, KPK), recognized by a
botanist ensuing the preserved samples in the Herbarium, Depart-
ment of Botany, UAF, Pakistan. The A. brevifolia plant’s leaves were
dried in the air beneath shady place to eradicate moistness. For
extraction, dried leaves were minced to powder form and
immersed in methanol for 72 h to obtain the hydro-alcoholic crude
extract using Erlenmeyer flask at room temperature. This extrac-
tion process was repeated twice. For the filtration process, the
Whatman number 1 filter was utilized. Methanol was vaporized
through a rotary-evaporator at 40 �C under low pressure to collect
the sticky content. For quality maintenance, the extract was kept at
�20 �C.

2.3. Experimental design

Mature male albino rats (160–250 g) were used for this exper-
iment and resided in the animal rearing house of UAF. Rats were
provided with tap water and regular food with maintained 12 h
light/dark cycle at 25 ± 3 �C. This study was authorized by the
ethics commission of UAF. Doses of the plant extract were selected
by following Waris et al., 2018. Forty-eight albino male rats were
distributed into 8 groups comprising 6 of each. Group I was named
as control group. Group II was given with dimethyl sulfoxide
(DMSO:5%) with 10% of olive oil (1 ml/kg) orally and referred as
vehicle control group. Group III was treated with CCl4 dissolved
in olive oil (1 ml/kg) orally. Group IV was given CCl4 + Silymarine
(50 mg/kg). Group V and VI were administered with A. brevifolia
extract dissolved in DMSO (150 and 300 mg/kg respectively) orally
with CCl4. Group VII and VIII were given orally with only 150 and
300 mg/kg extract of A. brevifolia respectively.

After 30 days, rats were given anesthesia and then decapitated.
To separate plasma, trunk blood was drawn into heparinized syr-
inges. Blood centrifugation was carried out for ten minutes at
3000 revolutions per minute (rpm). Plasma was stored at �20 �C
for further analysis. Urine samples were collected before dissection
through the method of Watts (1971). After dissection, the left kid-
ney was fixed in 10% formalin buffer for histopathological evalua-
tion and right kidney was kept at �80 �C to assess the activities of
antioxidant enzymes. Kidney tissues were homogenized in Na3PO4

buffer at 12,000 rpm for 15 min and the temperature was main-
tained at 4 �C. This supernatant was ultimately used to assess mul-
tiple parameters.

2.4. Acute toxicity test

Three male rats were treated intragastrically with 150 mg/kg
body weight dose (prepared in 5% DMSO) and were monitored
for 2 weeks to check the mortality rate. No toxicity progression
was observed in the rats, but the methodology was followed with
augmented order of doses including 150, 200, 250 and 300 mg/kg
of body weight as the maximum dose. Three rats were used per
treatment. Mortality was not observed even in case of the highest
dose tested during the study, so therefore for the assessment of
nephrotoxicity experiment, 150 mg/kg and 300 mg/kg body weight
doses were selected.

2.5. Analysis of antioxidant enzyme activity

CAT and POD activity was evaluated by following the process
developed by Chance and Maehly (1955). SOD activity was
assessed through the methodology of Kakkar et al. (1984). GSR
activity was evaluated by the method of Carlberg and Mannervik
(1975), whereas GST action was evaluated through Habig et al.
(1974) procedure. The activity of GSH was assessed by using the
protocol of Jollow et al. (1974).

2.6. Estimation of TBARS and hydrogen peroxide (H2O2)

TBARS level was assessed through the process of Ohkawa et al.
(1979). The level of H2O2 was determined by using the methodol-
ogy of Pick and Keisari (1981).



3074 H. Ahsan et al. / Journal of King Saud University – Science 32 (2020) 3072–3078
2.7. Biochemical analysis of serum and urine profile

AMP diagnostic kits (AMEDA labordiagnostic-Gmbh, Austria)
were used for the assessment of creatinine, creatinine clearance,
albumin, urinary protein, urea and urobilinogen level. Creatinine
clearance, albumins, urinary proteins and urobilinogen were mea-
sured from urine, while serum creatinine and urea levels were
measured from the blood.
2.8. Analysis of DNA damage

The procedure of Dhawan et al. (2009) was used to evaluate
DNA impairment. In normal melting point agarose, sterilized slides
were dipped and then let them to set at normal temperature. A
slight portion of the kidney was put in 1 ml cold lysing-solution
then dipped in 75 ll of low-melting point agarose mixture. Then
carefully coated this mixture on precoated slides and gently cov-
ered with a coverslip. For 8–10 min, slides were placed on icepacks.
A low melting point agarose mixture was coated again on slides
after removal of the coverslip and permitted to solidify on icepacks
again. After three coatings of low melting-point agarose, slides
were dipped in lysing solution for at least 10 min and shifted to
the refrigerator for two hours. 1% ethidium bromide was used for
staining purposes. After that, electrophoresis was performed, and
the slide was analyzed under a fluorescent microscope. For the
assessment of DNA impairment CASP 1.2.3. b Image analysis soft-
ware was used. 50–100 renal cell’s nuclei were analyzed to observe
the DNA damage.
2.9. Histopathology

A fixative solution consisting glacial acetic acid (5 ml),
formaldehyde (5 ml) and pure alcohol (85 ml) was utilized for
the fixation of renal tissues. Thin sections (approximately 4–
5 mm) of renal tissue were sliced and used for slides preparation.
Stain (Hematoxylin/eosin) was applied for staining purposes.
Slides were studied under light microscope (Leica LB, Germany)
at 40X.
2.10. Statistical assessment

The complete data was presented as Mean ± SEM. The variations
between control and experimental groups were evaluated via one-
way ANOVA, followed by Tukey’s test through Minitab software.
The p < 0.05 was contemplated as a level of significance.
3. Results

3.1. Effect of A. brevifolia on antioxidant enzymes

CCl4 administration showed significantly (p < 0.05) reduced
activity of the antioxidant-enzymes, including catalase (CAT), per-
oxidase (POD), Superoxide dismutase (SOD), glutathione (GSH),
glutathione reductase (GSR), glutathione-S-transferase (GST) when
matched with control and vehicle-control group. The rats of
CCl4 + Silymarin group displayed a remarkable (p < 0.05) increase
in the enzyme activity in contrast to CCl4 administered group.
Similarly, co-treated (CCl4 + A. brevifolia) groups showed
considerable (p < 0.05) increase (dose-dependent) in antioxidant
enzyme activity when compared to the CCl4 administered group.
Rats administered with A. brevifolia alone showed significant
(p < 0.05) increase in the activity of CAT, POD, SOD, GST, GSR
and GSH content in comparison to CCl4 administered group
(Table 1).
3.2. Effect of A. brevifolia on TBARS and H2O2

Rats administered with CCl4 displayed remarkable (p < 0.05)
rise in the hydrogen peroxide (H2O2) and thiobarbituric acid reac-
tive substances (TBARS) levels in contrast to rats of control and
vehicle-control groups. In the co-treatment of CCl4 + silymarin,
levels of H2O2 and TBARS were decreased substantially (p < 0.05)
as matched with the CCl4 group. Similarly, Artemisia + CCl4 groups
exhibited a considerable decline in H2O2 and TBARS levels (dose-
dependently) in contrast to CCl4 administered group. Rats doctored
with A. brevifolia only displayed significant (p < 0.05) reduction in
H2O2 and TBARS levels when matched with CCl4 and cotreated
groups almost near to the normal range (Table 2).

3.3. Effect of A. brevifolia on serum and urine profile

CCl4 administration exhibited significant (p < 0.05) escalation in
the urea, creatinine, urobilinogen and urinary proteins concentra-
tions while creatinine clearance and albumin concentration were
reduced remarkably (p < 0.05) in urine as matched with control
or vehicle control group. In CCl4 + silymarin administered group,
the level of urea, creatinine, urobilinogen and urinary proteins
decreased significantly (p < 0.05) when compared to CCl4 treated
group. In contrast, creatinine clearance and albumin concentra-
tions were elevated significantly (p < 0.05) as matched with CCl4
group. Cotreatment of A. brevifolia + CCl4 displayed significantly
(p < 0.05) reduced level of urea, creatinine, urobilinogen and uri-
nary protein concentrations while creatinine clearance and albu-
min concentrations were increased in comparison to the CCl4
administered rats. Rats treated with A. brevifolia alone displayed
substantial (p < 0.05) decrease in urea, creatinine, urobilinogen
and urinary proteins concentrations. In contrast, creatinine clear-
ance and albumin concentrations were increase when matched
with CCl4 and cotreated groups (Table 3).

3.4. Effect of A. brevifolia on DNA damage

CCl4 administration showed substantial (p < 0.05) rise in the
number of comets, comet length, tail length, tail moment, % DNA
in tail and olive moment while a considerable decline was noted
in % DNA in head and head length when matched with control
and vehicle control. CCl4 + silymarin showed remarkable
(p < 0.05) decrease in the number of comets, tail length, comet
length, tail moment % DNA in tail and olive moment and a signifi-
cant (p < 0.05) elevation in % in head and head length in contrast to
CCl4 administered rats. Similarly, A. brevifolia + CCl4 administered
groups (dose-dependent) revealed remarkable (p < 0.05) fall in
number of comets, tail length, comet length, % DNA in tail, olive
moment, tail moment and a remarkable (p < 0.05) rise in % DNA
in head and head length in contrast to CCl4 administered rats. Rats
treated with A. brevifolia alone displayed significant decrease in the
number of comets, comet length, tail length, tail moment, % in DNA
in tail and olive moment and a significant (p < 0.05) escalation was
noticed in head length and % DNA in head in comparison to CCl4
and co-treated rats (Table 4).

3.5. Curative effects of A. brevifolia on tissue histology of kidney

Normal histology of renal tissues was detected in control and
vehicle control group (A-B). In CCl4 treated group of rats; renal tis-
sues exhibited fibrosis in renal interstitium, glomerular collapse,
tubular damage, tubular dilation, devastation of Bowman’s capsule
in nephrons and obstruction in capillaries (C). CCl4 + silymarin
treated group decreased the level of destruction in kidney tissues
in contrast to impairment caused by CCl4 treatment (D). The effect
of co-treatment with CCl4 and low dose of A. brevifolia (150 mg/kg)



Table 4
Effect of methanolic extract of A. brevifolia on comet parameters in kidneys of rats agains

Groups Number of
comets

Comet
length

Tail length

Control 24.0 ± 1.53 a 31.8 ± 1.46 a 4.79 ± 0.23 a

Vehicle control 25.6 ± 1.18 a 31.9 ± 1.81 a 4.80 ± 0.25 a

CCl4 44.3 ± 1.87b 69.1 ± 1.56b 16.4 ± 0.29b

CCl4 + silymarin 29.9 ± 0.67c 34.7 ± 1.36c 5.80 ± 0.13 ac

A. brevifolia (150 mg/kg) + CCl4 34.4 ± 0.51 d 39.0 ± 1.36 d 6.01 ± 0.07c

A. brevifolia (300 mg/kg) + CCl4 31.3 ± 0.69 cd 38.1 ± 0.44 d 5.81 ± 0.14 ac

A. brevifolia (150 mg/kg) 29.6 ± 0.80c 33.1 ± 1.76c 5.53 ± 0.07 ac

A. brevifolia (300 mg/kg) 28.0 ± 0.99 ac 31.9 ± 1.47 a 5.28 ± 0.11 ac

1. Values in a same column having dissimilar superscripts are substantially different fro
2. CCl4 treated group was compared with control and vehicle control while all remainin

Table 1
Effect of methanolic extract of A. brevifolia on antioxidant enzymes in rat’s kidney against CCl4 administration.

Groups CAT (U/mg
protein)

POD (U/mg
protein)

SOD
(nanomole)

GST (mg/dl) GSH (nM/min/mg/
protein)

GSR (Nm NADPH
oxidized/min/mg tissues)

Control 8.62 ± 0.19 a 6.88 ± 0.08 a 5.88 ± 0.06 a 24.9 ± 0.38 a 12.1 ± 0.63 a 4.35 ± 0.04 a

Vehicle control 8.66 ± 0.20 a 6.81 ± 0.06 a 5.82 ± 0.04 a 25.0 ± 0.20 a 12.6 ± 0.41 a 4.26 ± 0.04 a

CCl4 4.24 ± 0.10b 2.89 ± 0.03b 1.69 ± 0.06b 11.4 ± 0.37b 4.66 ± 0.29b 0.68 ± 0.05b

CCl4 + silymarin 8.24 ± 0.05 a 6.63 ± 0.07 a 5.16 ± 0.04 ac 22.0 ± 0.40c 11.3 ± 0.24 ac 3.93 ± 0.02c

A. brevifolia (150 mg/kg) + CCl4 7.06 ± 0.07c 5.97 ± 0.12c 4.97 ± 0.05c 20.7 ± 0.38 d 10.7 ± 0.29c 3.53 ± 0.05c

A. brevifolia (300 mg/kg) + CCl4 7.77 ± 0.05c 6.65 ± 0.03 a 5.19 ± 0.03 ac 22.0 ± 0.32c 11.3 ± 0.16 ac 3.86 ± 0.04c

A. brevifolia (150 mg/kg) 8.33 ± 0.06 a 6.83 ± 0.05 a 5.41 ± 0.04 a 23.5 ± 0.25 ac 11.8 ± 0.08 ac 4.04 ± 0.03 ac

A. brevifolia (300 mg/kg) 8.73 ± 0.08 a 6.92 ± 0.04 a 5.83 ± 0.04 a 24.3 ± 0.36 a 12.0 ± 0.06 a 4.36 ± 0.05 a

1. Values in a same column having dissimilar superscripts are substantially different from other values (p < 0.05).
2. CCl4 treated group was compared with control and vehicle control while all remaining groups were compared with CCl4 treated group.
3. CAT; Catalase, POD; Peroxidase, SOD; Superoxide dismutase, GSH; Glutathione, GSR; Glutathione reductase, GST; Glutathione-S-transferase.

Table 3
Effect of methanolic extract of A. brevifolia on serum and urine profile of rats against CCl4

Groups Urea (mg/dl) Creatinine
(mg/dl)

Creat
(ml/m

Control 19.1 ± 0.35 a 1.85 ± 0.03 a 1.47
Vehicle control 19.2 ± 0.36 a 1.87 ± 0.04 a 1.44
CCl4 61.8 ± 1.76b 4.92 ± 0.09b 0.63
CCl4 + silymarin 23.4 ± 0.70c 1.99 ± 0.05 a 1.32
A. brevifolia (150 mg/kg) + CCl4 24.5 ± 0.59c 2.25 ± 0.04c 1.16
A. brevifolia (300 mg/kg) + CCl4 24.1 ± 0.41c 2.07 ± 0.04c 1.28
A. brevifolia (150 mg/kg) 21.2 ± 0.24 ac 2.04 ± 0.04c 1.31
A. brevifolia (300 mg/kg) 19.5 ± 0.28 a 1.94 ± 0.03 a 1.41

1. Values in a same column having dissimilar superscripts are substantially different fro
2. CCl4 treated group was compared with control and vehicle control while all remainin

Table 2
Effect of methanolic extract of A. brevifolia on TBARS and H2O2 levels in the kidneys of
rats against CCl4 administration.

Groups TBARS (nM/min/mg
protein)

H2O2 (mM/min/mg
protein)

Control 15.9 ± 0.76 a 1.76 ± 0.07 a

Vehicle control 16.5 ± 0.55 ac 1.82 ± 0.07 a

CCl4 29.7 ± 1.22b 6.71 ± 0.09b

CCl4 + silymarin 17.2 ± 0.16c 2.04 ± 0.03c

A. brevifolia (150 mg/
kg) + CCl4

18.6 ± 0.18 d 2.49 ± 0.08c

A. brevifolia (300 mg/
kg) + CCl4

17.5 ± 0.22 cd 2.13 ± 0.05c

A. brevifolia (150 mg/kg) 16.8 ± 0.24 ac 1.99 ± 0.05 a

A. brevifolia (300 mg/kg) 16.6 ± 0.19 ac 1.86 ± 0.05 a

1. Values in a same column having dissimilar superscripts are substantially differ-
ent from other values (p < 0.05).
2. CCl4 treated group was compared with control and vehicle control while all
remaining groups were compared with CCl4 treated group.
3� H2O2; hydrogen peroxide, TBARS; thiobarbituric acid reactive substances.
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was observed as it eliminated chronic damages (E). Treatment with
CCl4 and high dose of A. brevifolia (300 mg/kg) was resulted in
maintaining normal renal morphology, showed normal tubular
and glomerular anatomy, reduced capillary blockage and intersti-
tial edema (F). The group of rats administered with A. brevifolia
alone showed normal histology of renal tissues as in control group
(G-H) (Fig. 1).
4. Discussion

CCl4 is broadly used as a common toxin to produce damage in
different body organs. It has been revealed that CCl4 releases free
radicals, which in turn damages the various organs of the body
(Weber et al., 2003). Hepatic fibrosis (Abraham and Wilfred,
2000), kidney damage (Khan et al., 2012), testicular injury (Shyu
et al., 2008) and heart muscle destruction (Mohamed, 2010;
Khan, 2012) have been reported due to chronic CCl4 exposure. It
affects lipid bilayer structure of membrane through peroxidation
t CCl4 administration.

Head length % in head % in tail Tail Moment Olive tail
moment

43.5 ± 1.38 a 96.1 ± 0.20 a 3.81 ± 0.20 a 0.56 ± 0.04 a 2.42 ± 0.05 a

42.6 ± 1.40 a 95.9 ± 0.19 a 4.05 ± 0.16 a 0.63 ± 0.06 a 2.45 ± 0.04 a

26.5 ± 1.09b 88.0 ± 0.42b 11.9 ± 0.42b 1.92 ± 0.09b 4.33 ± 0.05b

40.6 ± 0.89c 95.2 ± 0.16 a 4.78 ± 0.16 a 0.94 ± 0.06c 2.57 ± 0.04 a

39.6 ± 0.81c 94.1 ± 0.14c 5.87 ± 0.14c 0.95 ± 0.02c 2.71 ± 0.02c

40.9 ± 1.02c 94.5 ± 0.09c 5.48 ± 0.09c 0.87 ± 0.06 ac 2.49 ± 0.03 a

41.6 ± 0.83 ac 94.6 ± 0.05c 5.34 ± 0.05c 0.65 ± 0.03 a 2.41 ± 0.01 a

44.3 ± 0.90 a 95.0 ± 0.14 a 4.93 ± 0.14 ac 0.55 ± 0.03 a 2.39 ± 0.02 a

m other values (p < 0.05).
g groups were compared with CCl4 treated group.

administration.

inine clearance
in)

Albumin
(mg/dl)

Urobilinogen
(mg/dl)

Urinary Proteins
(mg/dl)

± 0.04 a 7.74 ± 0.12 a 3.40 ± 0.10 a 13.8 ± 0.50 a

± 0.02 a 7.72 ± 0.11 a 3.42 ± 0.09 a 15.1 ± 0.57c

± 0.03b 3.18 ± 0.09b 9.64 ± 0.21b 34.1 ± 1.73b

± 0.01 a 7.38 ± 0.05 a 4.17 ± 0.16c 16.9 ± 0.19 cd

± 0.02c 7.07 ± 0.04 a 4.82 ± 0.05c 18.9 ± 0.22 d

± 0.02 a 7.24 ± 0.05 a 4.56 ± 0.05c 17.3 ± 0.30 cd

± 0.02 a 7.45 ± 0.06 a 4.08 ± 0.06c 16.4 ± 0.07 cd

± 0.05 a 7.52 ± 0.09 a 3.77 ± 0.06 ac 15.5 ± 0.35c

m other values (p < 0.05).
g groups were compared with CCl4 treated group.



Fig. 1. Analysis of nephro-histology. H&E stain; 40X (A) Control Group; normal histology (B) Vehicle Control Group; normal histology (C) CCl4 treated group; degeneration of
renal tissues and tubule, hemorrhage and glomerular atrophy (D) CCl4 + silymarine treated group; recovery of degenerated tissues (E) A. brevifolia (150 mg/kg) + CCl4; Minor
recoveries of tubular degeneration towards normal (F) A. brevifolia (300 mg/kg) + CCl4; effective recovery of renal tubule and resurgence of damaged kidney tissues (G) A.
brevifolia (150 mg/kg); normal histology (H) A. brevifolia (150 mg/kg); normal and improved renal histology. BS; Bowman’s space, DT; Distal tubules, PT; Proximal tubules.
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process and production of trichloromethyl radical which leads to
cellular damage (Goodla et al., 2019). The abundance of naturally
occurring herbal and medicinal plants have been used for hun-
dreds of years by man (Afsar et al., 2016). Artemisia genus is exten-
sively dispersed in temperate areas of Asia, Europe and North
America consisting of perennial, biennial and annual herbs or small
shrubs. Phytochemical analysis of Artemisia displays the presence
of phenolics and flavonoids including rutin, cholorogenic acid, caf-
feic acid, artemisinin, rutin, kaempferol and quercetin (Khan et al.,
2015). A. brevifolia is one of the largest, commonly distributed
plant having significant herbal and medicinal importance
(Mehrdad et al., 2007).

In this research, a considerable decrease in antioxidant enzymes
activity such as CAT, SOD, POD, GST, GSR and GSH was observed, in
the meantime a substantial increase in the TBARS and H2O2 levels
in the renal cells was noticed due to CCl4 exposure. Many research
studies have demonstrated that CCl4 intoxication is the major
source of free radical generation in many tissues such as the kid-
ney, lungs, liver and blood (Hamed et al., 2012). CAT plays a signif-
icant role in the alteration of hydrogen peroxide to water (Aitken
and Roman, 2008). SOD assists in the conversion of O�

2 into hydro-
gen peroxide and O2 (Liochev and Fridovich, 2010). GSR oxidizes the
glutathione disulfide by transforming it into reduced glutathione.
This glutathione is crucial for sperms production as the Sertoli cells
alter glutathione into the amino acids, which are mandatory for male
gametogenesis (Fafula et al., 2019). GSH shows a vital role in stop-
ping the injury to cellular components caused by free radicals and
peroxides (Khan et al., 2018). CCl4 treatment stimulated the intoxi-
cation by producing free radicals. This massive production of free
radicals leads to the increased lipid peroxidation and H2O2 levels
and reduced antioxidant enzyme activity (Sahreen et al., 2015;
Sajid et al., 2016). Toxic manifestations of the reactive species can
be improved by taking the diet rich in antioxidant metabolites. Aer-
ial parts of A. brevifolia probably have diverse metabolites containing
antioxidant abilities, as demonstrated by Singh et al., 2009 in
another species of Artemisia genus. A. brevifolia administration alle-
viated the oxidative stress, which is evidenced by the increased
activity of antioxidant enzymes and decreased levels of TBARS and
H2O2. Bioactive compounds in A. brevifolia (as in A. scoparia, accord-
ing to the Sajid et al., 2016) might be a primary reason in free radi-
cal’s reduction, which shows its antioxidant potential.

CCl4 administration caused a significant increase in the urea,
creatinine, urobilinogen and urinary proteins concentrations while
remarkably reduced creatinine clearance and albumin concentra-
tion in urine samples. Urobilinogen, under normal conditions, is
not the component of urine; however, its high level in urine can
be an indication of nephrotoxicity induced by CCl4. In addition,
increased urea, creatinine, urinary proteins and a considerable
decline in creatinine clearance and albumin are the markers of
chronic renal oxidative damage (Khan et al., 2010). Decrease in uri-
nary protein might occur as an effect of CCl4 on the synthesis of
proteins from hepatocytes along with enhanced proteinuria
(Sajid et al., 2016). A. brevifolia brought serum and urine parame-
ters to average values and alleviated disturbance in serum and
urine profile. Results recommended the potential curative capabil-
ities of A. brevifolia.

Comet assay is a technique used to interpret damage in the
double-helical structure of DNA (Azqueta and Collins, 2013). In a
recent study, a considerable increase in the number of comets, tail
length, % DNA in tail, comet length, olive moment and tail moment
whereas a substantial decline in % DNA in head and head length
was observed in renal cells of rats after CCl4 administration. Our
findings showed prominent DNA damage with long tail length of
the comets in renal cells of CCl4 treated rats. Oxidants and free rad-
icals encourage the metal ions to produce further reactive species,
which can cause DNA damage (Phaniendra et al., 2015) A. brevifolia
treatment inverted the changes in comet parameters dose-
dependently and displayed efficient protective potential against
DNA damages in higher doses. Our results are in coherence with
(Sajid et al., 2016) in which A. scoparia reduced the DNA damage
induced by CCl4.

In CCl4 treated group, renal tissues exhibited fibrosis in renal
interstitium, glomerular collapse, tubular damage, tubular dilation,
the annihilation of Bowman’s capsule of nephrons and obstruction
in capillaries. Administration with A. brevifolia (dose-dependent)
resulted in maintaining normal renal morphology and showed nor-
mal tubular and glomerular anatomy and reduced capillary block-
age and interstitial edema. These findings were consistent with
Sahreen et al., 2015, who detected the histopathological abnormal-
ities in renal tissues of rats administered with CCl4 and these
abnormalities were diminished after Carissa opaca plant extract
treatment.

5. Conclusion

In conclusion, our study illustrated that Artemisia brevifolia
could diminish the renal damages induced by CCl4, which may
restore antioxidant activities, lipid peroxidation and H2O2 levels,
serum and urine profile, DNA damages and histological abnormal-
ities of renal tissues. The curative effects of A. brevifolia may be
associated with its antioxidant and curative potential. Conse-
quently, it is suggested that A. brevifolia plant may be used in the
future to enhance the antioxidant potential in mammals as well
as in humans.
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