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Abstract
Background and Objective: Oxidative stress that may be the source of different disorders is caused by reactive oxygen species. CCl4 may
cause oxidative stress. Antioxidant enzymes that are created by the body may scavenge the reactive oxygen species. The protective effects
of  Nicotiana  plumbaginifolia  (Linn) methanolic extract (NPME) against CCl4  induced oxidative damage in the kidneys and lungs of chicks
were  determined  in  this  study.  Materials  and  Methods:  Two  months old male Gallus  gallusdomesticus  chicks were subjected to
this experiment. Total 36 chicks were divided into six  groups  i.e.,  Group I to VI were subjected under control, DMSO (1 mL kgG1 b.wt.),
1 mL kgG1 b.wt. CCl4 (50% in olive oil), silymarin (50 mg kgG1 b.wt.) after 24 hrs of CCl4 administration, 100  and 200  mg kgG1 b.wt. NPME
after 24 hrs of CCl4 administration for three weeks. Results: The results revealed that CCl4 induced oxidative stress was more pronounced
in the kidneys as compared to the lungs. CCl4  caused  a  significant  decrease in the activity of kidney antioxidant enzymes (CAT, POD,
GSH-Px) and glutathione (GSH), while an increase in the levels of TBARS,  creatinine and urea than that of lungs samples. Conclusion: Since
NPME treatment recovered towards normal conditions directly proportional to the dose applied and  thus  it  was  concluded that
Nicotiana  plumbaginifolia  (Linn) methanolic extract can protect the kidneys more significantly than lungs tissues against CCl4 oxidative
stress.
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INTRODUCTION

Reactive oxygen species (ROS e.g. superoxide radicals (OG)
and hydroxyl radicals (OHG) are produced under normal
metabolic conditions as by products1-2. Different conditions
like exposure to high temperature, radiations, smoking and
heavy metals can induce the production of reactive oxygen
species which causes oxidative stress3. Intoxication of carbon
tetrachloride (CCl4) in animals causes oxidative stress4.
Different studies have revealed that free radicals are
generated in kidneys, lungs, heart and blood cells under CCl4
intoxication5. CCl4 is a synthetic chemical that damages liver
and kidney cells6 because it increases triburbitoric acid and
decreases the activity of antioxidant enzymes6-8. CCl4 is
bioactivated by cytochrome P450 system and converts into
very reactive trichloromethyl CCl3• radical which in the
presence of oxygen form the more toxic trichloromethyl
peroxyl radical (CCl3O2•)6. These free radicals then bind with
fatty acid-producing alkoxy (R•) and peroxy radicals (ROO•)
which creates highly reactive lipid peroxides that bring
changes in the enzyme activity and stimulate injury8-9.
Researchers have suggested that trichloromethyl (CCl3•) free
radicals combine with SH groups of glutathione (GSH) and
proteins. This binding of trichloromethyl free radicals to
cellular proteins initiates membrane lipid peroxidation,
apoptosis and finally cell necrosis10-11. Besides the antioxidant
enzymes, CCl4 also changes the biochemistry of the kidney
such as serum creatinine, albumins and bilirubins are
changed12. It is reported in the literature that various herbal
extracts have a counter effect against CCl4 induced oxidative
stress by changing the levels of lipid peroxidation and induce
the activities of antioxidant enzymes. It also regulates the
decreased level of GSH13. CCl4 causes injury to the lungs14-15.
The injuries are induced by CCl4 in different organs through
oxidative stress which  causes  lipid peroxidation and lower
the endogenous antioxidant enzymes16-17. Asthma, chronic
obstructive pulmonary disease and cystic fibrosis are common
diseases of lungs in which the production of reactive oxygen
species is increased18-19. It has also been reported in the
literature that asthma reduces glutathione peroxidase and
superoxide dismutase20. It has also been observed that
oxidative stress is the main cause of numerous disorders and
diseases which can only be diminished through antioxidants
to maintain human health21.

Since synthetic antioxidants result in numerous side
effects therefore it is necessary to investigate natural
antioxidants with fewer side effects and large efficacy.
Nicotiana plumbaginifolia has been reported with rutin
quercetin    and    alkaloids    which    are    good    antioxidants.

Nicotiana  plumbaginifolia  has traditionally been used to treat
several ailments from ancient time. The present study has
been conducted to evaluate the protective effect of the crude
effect of  Nicotiana  plumbaginifolia  in kidneys and lungs
tissue against CCl4 intoxication in chicks.

MATERIALS AND METHODS

This work has been completed in the Department of
Biotechnology, University of Science and Technology, Bannu,
Khyber-Pakhtunkhwa, Pakistan. All the experimentation was
completed in six months (July to December, 2017). The plant's
collection and drying were completed in one month while the
chicks' acclimatization and dose administration were
continued for four weeks. The details were given in the
experimental design section.

Plant collection:  Nicotiana  plumbaginifolia  (Linn) plants
were collected from Bannu, Khyber-Pakhtunkhwa, Pakistan
and were identified by Prof. Abdurrahman, Department of
Botany, Government Post Graduate College, Bannu, Khyber-
Pakhtunkhwa, Pakistan. The plant samples were washed using
de-ionized water and were shade dried at room temperature
for 25 days followed by chopping and grinding mechanically
to bring it into a powder form as described by Shah et al.22.

Preparation of crude extract: Nicotiana plumbaginifolia
(Linn) plant powder (200 g) was socked in 1 L of 80%
methanol and shaken randomly for seven days. After seven
days, the plant extract was filtered using Whatman filter paper
No. 1 and then concentrated with the help of a rotary
evaporator under reduced pressure at 37EC. This crude extract
was then stored at 4EC for further investigation.

Experimental design: To investigate the antioxidant potential
of Nicotiana plumbaginifolia in vivo, 36 male chicks were
equally divided into 6 groups. Group I chicks were kept under
control conditions and  group  II  was  provided  with  DMSO
(1 mL kgG1 b.wt.), group III  was  treated  with 1 mL kgG1 b.wt.
CCl4 (50% in olive oil), group IV was provided with silymarin
(50 mg kgG1 b.wt.) after 24 hrs of CCl4 administration while
group V and  VI  chicks  were  treated  with  NPME  (100 and
200 mg kgG1 b.wt.) after 24 hrs of CCl4 administration
respectively for three weeks. After 24 hrs of last treatment,
blood was collected from the wings vein and centrifuged at
6,000×g for serum separation. All the chicks were slaughtered
and removed from their kidneys as well as lungs followed by
weighing and keeping in 10% formalin and stored at -20EC.
Half of the kidneys and lungs tissues were subjected for
further enzymatic analysis. 
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Assessment of antioxidant enzymes: Kidneys and lungs
tissues (200 mg) were homogenized in 10 volumes of PO4

buffer (pH 7.4) and centrifuged at 6,000×g for 30 min. The
supernatant was collected and used for enzymatic, protein
and TBARS assays. Protein concentration of the supernatant of
kidneys and lungs tissues was determined using the method
demonstrated in Lowry et al.23 and crystalline Bovine Serum
Albumin (BSA) was used as a standard.

Catalase assay (CAT): Catalase (CAT) activities were
determined by the protocol presented in Manna et al.24 with
some modifications. The reaction mixture (2.2 mL) containing
2 mL, 50 mM phosphate buffer (pH 5.0), 0.1 mL of 5.9 mM
hydrogen peroxide (H2O2) and 0.1 mL enzyme extract solution
was used for absorbance measurement. Changes in
absorbance of the reaction solution at 420 nm were
determined after 30 sec. One unit of CAT activity was defined
as an absorbance change of 0.01 units minG1.

Peroxidase assay (POD): Activities of POD were determined
by the method already reported25 with some modifications.
The Peroxidase (POD) reaction mixture (2.5mL) was prepared
using 50 mM phosphate buffer (pH 5.0), 0.1 mL of 20 mM
guaiacol, 0.3 mL of 40  mM  hydrogen  peroxide  (H2O2)  and
0.1 mL enzyme extract. Changes in absorbance  of the reaction
mixture were noted at 470 nm after 1 min. One unit of POD
activity was defined as an absorbance change of 0.01 as
unit/min.

Glutathione reductase assay (GSH): Carlberg and Mannervik26

were followed to assess the glutathione reductase activity.
Assay mixture (2 mL) was consisting of 0.1 mL Post
Mitochondrial Supernatant (PMS), 1.65 mL phosphate buffer
(0.1 molar; pH 7.6), 0.1 mL ethylene diamine tetraacetate
(EDTA), 0.05 mL oxidized glutathione (1 mM) and 0.1 mL
NADPH (0.1 mM). The enzyme activity was noted at 25EC by
measuring the disappearance of NADPH at 340 nm and was
calculated as nmol oxidized/min mg protein using a molar
extinction coefficient of 6.22×103/M cmG1.

Glutathione peroxidase assay (GSH-Px): Glutathione
peroxidase (GSH-Px) activity was measured by protocol
presented in Mohandas et al.27. The reaction mixture (2 mL)
was prepared using 1.49 mL PO4 buffer (0.1 M; pH 7.4), 1 mM
EDTA (0.1 mL), 1 mM sodium azide NaN3 (0.1 mL), 0.05 mL
glutathione  reductase  (1  IU  mLG1),  1  mM  GSH  (0.05 mL),
0.2 mM NADPH (0.1 mL), 0.25 mM H2O2 (0.01 mL) and 0.1 mL
of  tissues  homogenate.  The  disappearance  of  NADPH at

340 nm was noted. Enzyme activity was calculated as nmol
NADPH oxidized/min/mg protein using molar extinction
coefficient of 6.22×103 M cmG1.

Glutathione-S-transferase assay (GST): This activity was
determined using the procedure presented in Habig et al.28.
The reaction mixture (2 mL) was prepared by mixing 1.475 mL
phosphate buffer (0.1 M, pH 6.5), 0.2 mL (200 µL) glutathione
reduced (1 mM), 0.025 mL CDNB (1 mM) and 300 µL tissue
homogenate. The changes in the absorbance were recorded
at 340 nm and enzyme activity was calculated as nM CDNB
conjugate formed/min/mg protein using a molar extinction
coefficient of 9.6×103 M cmG1.

Protein estimation: The total soluble proteins in the
homogenate of kidneys and lungs tissues were estimated by
the method described in Lowry et al.23. BSA standard curve
was used as standard. The amount of protein was expressed
as mg mLG1 of tissue homogenate.

Lipid peroxidation assay: Wright et al.29  was followed for
lipid peroxidation. The reaction solution (1.0 mL) contained
0.58  mL  PO4  (0.1  M,  pH  7.4),  0.2 mL homogenate sample,
0.2 mL ascorbic  acid (100 mM) and 0.02 mL ferric chloride
(100 mM) solution. The reaction mixture was incubated at
37EC for 60 min followed by the addition of 1.0 mL
trichloroacetic acid (10%). Following the addition of 1.0 mL
0.67% thiobarbituric acid (TBA), tubes were placed in a boiling
water bath for 25 min and then shifted to crushed ice-bath
before centrifuging at 3000×g for 10 min. The amount of
TBARS formed in each sample was calculated by measuring
the absorbance of the supernatant at 535 nm. The results were
expressed as nmol TBARS/min/mg  tissue at 37EC using a
molar extinction coefficient of 1.56×105 M cmG1.

Serum biochemistry: Blood was collected from the veins of
the chicks just before the slaughtering stage of the
experiment. Blood  samples  were   centrifuged  and serum
was stocked up at -20EC.  Samples  were  subjected  to analyze
the serum albumin,  creatinine  and urea AMP using diagnostic
kits.

Statistical analysis: Data have been presented as mean
standard deviation. Computer software (SPSS version 16) was
used for statistical analysis. The analysis of variance and post
hoc multiple comparison tests were performed to estimate the
differences among the different groups. The value of p<0.05
was considered significant.
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RESULTS

Effect of NPME on proteins and antioxidant enzymes of
kidney and lungs: Level of antioxidant enzymes (CAT and
POD)  in  the  kidney  reduced under CCl4  intoxication as
shown in Table 1. The data showed a significant decrease as
compared to the control condition samples. These enzymes
showed a  minimum  level  under  CCl4  while under NPME
(200 mg kgG1 b.wt.), these showed a significant increase in the
silymarin group.  Dose-dependent  treatment of NPME
showed  a  significant  effect.  The  same  pattern  was
observed while studying the antioxidant activity of lungs
homogenate but comparatively low alteration as shown in
Table 2.

Effect   of  NPME  on  GSH-Px  and  GST  activities:  Alteration
in kidney   and   lungs   GSH-Px   and   GST  have  been shown
in Table  3  and  4.  GST  and  GSH-Px  activities  are
significantly   reduced   under  CCl4  treatment  as  compared
to  the  control  conditions  samples.  Treatment  with  NPME
in dose-dependent manner  and  silymarin markedly increased 
the  levels  of  GSH-Px  and  GST.  However,  the effect of NPME
is greater  in  kidneys  than that of lungs tissues.

Effects of NPME on GSH and TBARS contents: Glutathione
reductase (GSH)  played  a  significant role in the metabolism
of  free  radicals  and  tries  to  reduce  triberbitoric acid
reactive   substances  (TBARS). Administration  of  CCl4 reduced
GSH   contents   and   increased  TBARS   formation   in  kidneys

and lungs as shown in Table 5 and 6. Supplementation of
NPME reversed the contents and protects cells from lipid
peroxidation.  NPME  @  200  mg  kgG1   showed   a   great
effect in kidneys as that of silymarin while less efficacy in
lungs.

Effect  of  NPME  on  body  and  tissues  weight  of chicks:
Data    recorded   in   Table  7  indicated  the  effect  of  NPME
on the body and tissues weight of chicks. Group intoxicated
with  CCl4  has  shown   a  significant  decrease  in  absolute
and  per  cent  weight of  the  whole  body   while  the
absolute, as  well  as  relative  weight  of  the  kidneys and
lungs, were increased under the formerly mentioned
treatment. Treatment of CCl4-treated chicks with different
concentrations of NPME restored the absolute  and
percentage body weight as well as absolute and relative
kidney weight. However, the effect of NPME was dose-
dependent and more pronounced in the kidney as compared
to the lungs. 

Effect of NPME on serum profile in chicks: The serum
concentration    of    creatinine,   albumin   and   urea  shows
the level of the injuries in the kidney. The  effect  of CCl4  on
the above-mentioned factors was presented in Table 8.
Treatment   of   CCl4   significantly  increased  the serum level
of creatinine and urea while albumin was reduced as
compared  to  the  control  conditions  samples.  The toxicity
of   CCl4   and   the   level   of   serum    creatinine,    albumin
and   urea   were   normalized  under  different  doses  of
NPME.

Table 1: Effect of NPME on the protein and antioxidant enzymes in kidney of chicks
Group treatment Protein (µg mgG1 tissue) CAT (U minG1) POD (U minG1)
Control 460±6.87++ 0.80±0.03++ 0.70±0.05++

DMSO 436±11.90++ 0.70±0.02++ 0.80±0.02++

CCl4 365±8.12** 0.30±0.05** 0.10±0.04**
CCl4+silymarin 50 mg kgG1 b.wt. 423±5.63++ 0.50±0.04++ 0.40±0.05++

CCl4+NPME 100 mg kgG1 b.wt. 386±7.02*+ 0.40±0.03*+ 0.50±0.06++

CCl4+NPME 200 mg kgG1 b.wt. 405±4.09++ 0.60±0.01++ 0.66±0.06++

Mean±SE (n = 6 number). **Significance from the control group at p<0.01 probability level, ++Significance from the CCl4  group at p<0.01 probability level

Table 2: Effect of NPME on the protein and antioxidant enzymes in lungs of chicks
Group treatment Protein (µg mgG1 tissue) CAT (U minG1) POD (U minG1)
Control 385±12.02++ 0.75±0.05++ 0.73±0.07++

DMSO 379±5.09++ 0.70±0.04++ 0.78±0.05++

CCl4 211±7.04** 0.50±0.04** 0.30±0.03**

CCl4+silymarin 50 mg kgG1 b.wt. 316±4.43++ 0.55±0.09 0.42±0.04+

CCl4+NPME 100 mg kgG1 b.wt. 304±5.76++ 0.51±0.07 0.39±0.05
CCl4+NPME 200 mg kgG1 b.wt. 345±7.32++ 0.62±0.08+ 0.56±0.02+

Mean±SE (n = 6 number). **Significance from the control group at p<0.01 probability level, ++Significance from the CCl4  group at p<0.01 probability level
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Table 3: Effect of NPME on GSH-Px and GST in chicks kidney
Group treatment GST (nmol/min/mg protein) GSH Px (mol gG1 tissue)
Control 48.57±3.45++ 147.04±14.6++

DMSO 46.06±4.32++ 142.6±12.4++

CCl4 24.52±2.45** 68.16±8.21**
CCl4+silymarin 50 mg kgG1 b.wt. 44.66±5.12++ 132.3±10.23++

CCl4+NPME 100 mg kgG1 b.wt. 28.10±2.32 95.44±7.12++

CCl4+NPME 200 mg kgG1 b.wt. 33.7±3.11+ 118.9±7.54++

Mean±SE (n = 6 number). **Significance from the control group at p<0.01 probability level, ++Significance from the CCl4  group at p<0.01 probability level

Table 4: Effect of NPME on GSH-Px and GST in chicks lungs
Group treatment GST (nmol/min/mg protein) GSH Px (mol gG1 tissue)
Control 56.71±4.67++ 121.59±12.34++

DMSO 57.30±5.43++ 124.03±10.09++

CCl4 38.67±3.56** 87.31±7.23*
CCl4+silymarin 50 mg kgG1 b.wt. 49.88±6.12++ 97.97±6.32++

CCl4+NPME 100 mg kgG1 b.wt. 46.90±3.45++ 94.96±7.12++

CCl4+NPME 200 mg kgG1 b.wt. 51.03±4.56++ 107.04±7.09+

Mean±SE (n = 6 number). **Significance from the control group at p<0.01 probability level, ++Significance from the CCl4 group at p<0.01 probability level

Table 5: Effects of NPME on GSH and TBARS in chicks kidney
Group treatment GSH (mol gG1 tissue) TBARS (nmol/min/mg protein)
Control 35.70±3.67++ 2.60±0.09++

DMSO 35.20±4.09++ 2.07±0.07++

CCl4 11.35±0.78** 7.28±1.2**
CCl4+silymarin 50 mg kgG1 b.wt. 31.57±1.89++ 3.12±0.9++

CCl4+NPME 100 mg kgG1 b.wt. 16.67±2.12++ 5.95±0.6++

CCl4+NPME 200 mg kgG1 b.wt. 25.5±2.21++ 4.68±0.7++

Mean±SE (n = 6 number). **Significance from the control group at p<0.01 probability level, ++Significance from the CCl4 group at p<0.01 probability level

Table 6: Effects of NPME on GSH and TBARS in chicks lungs
Group treatment GSH (mol gG1 tissue) TBARS (nmol/min/mg protein)
Control 49.37±3.12++ 3.76±0.3++

DMSO 51. 08±5.10++ 3.37±0.7++

CCl4 29.49±4.12** 5.90±0.9*
CCl4+silymarin 50 mg kgG1 b.wt. 41.09±3.21+ 4.10±0.3+

CCl4+NPME 100 mg kgG1 b.wt. 32.67±2.76 4.96±0.6
CCl4+NPME 200 mg kgG1 b.wt. 39.75±2.31+ 4.07±0.7+

Mean±SE (n = 6 number). **Significance from the control group at p<0.01 probability level, ++Significance from the CCl4  group at p<0.01 probability level

Table 7: Effect of NPME on body and kidney weight of chicks
Group treatment Increase b.wt. (%) Absolute kidney weight (g) Lungs weight (g)
Control 17.14±1.34++ 5.1±1.21++ 6.5±0.03++

DMSO 15.74±1.21++ 5.2±0.98++ 5.9±0.05++

CCl4 10.56±0.98* 3.5±0.21* 4.2±0.01*
CCl4+silymarin 50 mg kgG1 b.wt. 14.78±2.34++ 4.4±0.23+ 5.2±0.02+

CCl4+NPME 100 mg kgG1 b.wt. 12.76±3.21+ 3.9±0.23+ 5.5±0.05+

CCl4+NPME 200 mg kgG1 b.wt. 13.56±1.23+ 4.5±0.31+ 6.0±0.07++

Mean±SE (n = 6 number). **Significance from the control group at p<0.01 probability level, +Significance from the CCl4  group at p<0.05 probability level, ++Significance
from the CCl4  group at p<0.01 probability level

Table 8: Effect of NPME on creatinine, albumin and urea
Group treatment Creatinine (mg dLG1) Albumin (mg dLG1) Urea (mg dLG1)
Control 62.5±4.56++ 23.04±1.09++ 58.80±2.31++

DMSO 61.3±7.12++ 24.20±1.89++ 59.03±3.21++

CCl4 79.09±8.23** 13.01±1.21** 78.92±3.09**
CCl4+silymarin 50 mg kgG1 b.wt. 66.7±7.10++ 22.61±1.09++ 62.42±2.12++

CCl4+NPME 100 mg kgG1 b.wt. 67.2±5.89++ 19.07±1.21++ 64.63±2.89++

CCl4+NPME 200 mg kgG1 b.wt. 63.01±9.02++ 21.35±0.98++ 61.45±0.98++

Mean±SE (n = 6 number). **Significance from the control group at p<0.01 probability level, ++Significance from the CCl4 group at p<0.01 probability level
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DISCUSSION

Researchers are focusing on the importance of plant-
based chemo prevention against different diseases and
ailments because of its low side effects and high efficacy.
Different drugs and chemicals are the cause of the production
of Reactive Oxygen Species (ROS). CCl4 is a well-known
chemical that stimulates ROS production, causes oxidative
stress and reduces antioxidant defense. Here in this study,
carbon tetrachloride (CCl4) significantly reduced the
glutathione Reductase (GSH) which is an antioxidant enzyme
in kidneys. Additional to the above, catalase (CAT), glutathione
S transferase and Glutathione peroxidase also showed
decreased level under carbon  tetrachloride (CCl4) which
shows  oxidative  stress.  CCl4  application may  inhibit  the
non-enzymatic and enzymatic antioxidant defense systems in
kidneys and thus glutathione Reductase (GSH) level has been
reduced. This decrease may increase the generation of
reactive oxygen species. The same results have been reported
earlier6,12. 

Carbon tetrachloride (CCl4) through reductive
dehalogenation in the presence of the P450 enzyme system,
generates the highly reactive trichloromethyl (CCl3) radical
which causes lipid peroxidation and ultimately the foundation
of renal damage12. 

The high level of lipid peroxidation in the kidneys and
lungs of the chicks under CCl4 indicates overproduction of
reactive oxygen species and its accumulation that result in
dysfunction of antioxidants under CCl4 conditions. NPME
application results in a decrease in lipid peroxidation caused
by CCl4 exposure in lungs and kidneys of the chicks. These
results were in close agreement as reported by researchers
earlier22,30-31. This study indicated that supplementation of
NPME @ 200 mg kgG1 resulted in a significant increase in the
levels of GSH, POD and CAT. These results suggested the
protective role of NPME against CCl4 induced toxicity. The
findings of the current study were in agreement with the
result reported by other researchers30,32.

Chicks  intoxicated  with  CCl4  and   treated  with
Nicotiana  plumbaginifolia  had a better body weight gain that
suggested the protective role of NPME. Decreased body
weight and increased weight of kidneys and lungs in chicks
fed CCl4 were comparable with the results reported earlier33.
The concentration of TBARS in kidney and lung tissues of the
control conditions samples was low and was significantly
increased in CCl4 administrated samples. This increase in
TBARS was normalized by the supply of NPME in dose-
dependent manner34.

This study is to determine the role of the natural products
against the CCl4 induced toxicity which showed great results.
The extract of this plant may not have side effect and it may be
used as a medicine for the treatment of stress and anxiety in
human beings.

As in this study, the crude extract has been used so
further study is required to isolate the bioactive compounds
and application of the purified compounds against the stress
conditions. Additional to the above, the molecular mechanism
of the stress prevention is not yet known which is necessary to
determine. Further study is needed in mouse model and
ultimately applications of the isolated compounds in human
beings.

CONCLUSION

Results of the study showed that NPME contributes its
protective role by decreasing the effect of CCl4 at various
metabolic pathways. Based on this study, it may be concluded
that NPME may be used in renal and lungs disorders in folk
medicines because of the presence of bioactive constituents
in this specific medicinal plant.

SIGNIFICANCE STATEMENT

Being byproducts of the normal metabolic processes,
reactive oxygen species may cause oxidative stress that
ultimately causes different disorders. This oxidative stress may
also be induced by carbon tetrachloride (CCl4) and in the
result; free radicals are created in different tissues like lungs,
kidneys, heart and blood cells. Antioxidant enzymes prevent
the formation of reactive oxygen species as well as scavenge
those to rescue the biological systems from the harmful effect
of such factors. Here results reported the use of natural
antioxidants instead of the synthetic ones against the
oxidative stress caused by CCl4. Crude extract of Nicotiana
plumbaginifolia has been used as a source of natural
antioxidant against CCl4 intoxication in chicks.
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