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Abstract
Background and Objective: Aflatoxins can lead to Aflatoxicosis in animals and humans. The aim of this study was to investigate
hepatoprotective and antioxidant effect of Urtica dioica seedsʼ extract (UDSE) on chronic aflatoxicosis in broiler chickens, which were
evaluated by histopathologically liver degeneration and activities/levels of the oxidative stress and antioxidant parameters.
Materials and Methods: Thirty-two broiler chickens were randomly divided into four experimental groups: control group served as a
negative control and were fed with a normal diet; AFB1 group received aflatoxin B1 (AFB1) (1 mg kgG1 diet) for 42 days; UDSE group
received UDSE (30 mL kgG1 diet) for 42 days and AFB1+UDSE group received AFB1 (1 mg kgG1 diet) as well as UDS extract (30 mL kgG1 diet)
for 42 days. Results: In the AFB1 group, activities of SOD, GSH-Px and CAT and the levels of TAS and BcL-2 in liver and serum were
significantly lower than that of the control group (p<0.001), TOS and Caspase-3 levels were also significantly high (p<0.001). Whereas,
in the AFB1+UDSE group, the activity of GSH-Px in liver and serum and the activities of SOD and CAT and the level of TAS in serum were
significantly higher than those in AFB1 group (p<0.001). In the AFB1+UDSE group, the levels of TOS and Caspase-3 were significantly lower
(p<0.001) and the level of BcL-2 were higher in both liver and serum compared to those of the AFB1 group (p<0.001). Histopathologically,
diffuse hydropic degenerations, periportal fibrosis and activation of perisinusoidal myofibroblastic (Ito) cells were observed in the AFB1
group. These morphological changes were reduced significantly in the AFB1+UDSE group. Conclusion: The UDSE has a protective effect
on chronic aflatoxicosis in broiler, which appear to be attributable to its antioxidant and anti-apoptotic activity.
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food against the aflatoxicosis and very positive results have
been reported. In the present study, we aimed to investigate
protective and antioxidant effects of Urtica dioica seedsʼ
extract on chronic aflatoxicosis in broiler chickens with a
trial period of 42 days, which were evaluated by
histopathologically liver degeneration, biochemically oxidative
stress and antioxidant parameters, anti-apoptotic factor BcL-2
and Caspase-3 and immunohistochemically actin filaments in
the liver tissue.

INTRODUCTION
Toxicity caused by contamination of mycotoxins in food
is one of the main problems in the poultry industry1. The most
dangerous mycotoxins are aflatoxins, especially aflatoxin B1
(AFB1), which are produced naturally by several species of
Aspergillus in agricultural products. Aflatoxins are the most
researched mycotoxin group in the sensitive laboratories due
to their toxic and carcinogenic effects in farm animals, acute
toxicological and chronic hepatocarcinogenic effects in
humans2.
Aflatoxicosis causes damage to the liver, kidney and
digestive system in the poultry, suppression of the immune
system and, consequently, an increased sensitivity to many
diseases. The liver, which performs the biotransformation and
detoxification of various xenobiotics including steroids,
eicosanoids, pharmaceuticals, pesticides, pollutants and
carcinogens in the body, is the organ primarily affected by
aflatoxicosis3. Toxication causes the enlargement, pallor and
congestion of the liver and degeneration and necrosis in
hepatocytes, proliferation in the bile duct4. Aflatoxicosis
causes nephrosis in the kidney and impaired glomerular
filtration and kidney function5,6. It impairs intestinal
morphology, digestive ability, activities of digestive enzymes,
intestinal microflora and intestinal natural immunity in the
digestive system7,8,9. It causes damage to the lymphoid tissues
such as thymus, bursa fabricus, spleen and bone marrow and
suppression of phagocytic activity in the immune system,
ultimately it reduces their disease resistance and humoral
defence functions2,10. Additionally, it causes a decrease in feed
consumption, growth rate, total body weight and egg
production due to these systemic effects of AFB111.
Physical, chemical and biological methods are used for
detoxification of AFB1 in feeds. Because AFB1 causes cell
damage, free radical production and lipid peroxidation, it has
been reported that the use of antioxidants known as
superoxide anion cleansers may aid the overall detoxification
process in the liver. For this reason, it has been suggested that
the use of adsorbents and antioxidants in the diet may be
effective, economical and practical to prevent aflatoxicosis in
poultry12.
Because of its rich composition, nettle is one of the
most researched natural antioxidants13. Previous studies
showed that nettle has various pharmacological activities
such as immunomodulator, antioxidant14-16, antibacterial15,
anti-viral17, analgesic, anti-inflammatory18-20, antihypertensive,
anti-hyperlipidemic and antidiabetic21-23, hepatoprotective24,25
and anticarcinogenic26. In addition, in a previous study27
with a trial period of 21 days, U. dioica extract was added to

MATERIALS AND METHODS
Chemicals: Sodium hydrogen phosphate (Na2HPO4) to
prepare phosphate buffer as well as aflatoxin were purchased
from Sigma Aldrich Company (St. Louis, MO, United States).
ELISA kits for all biochemical parameters measured in liver and
serum samples were purchased from YL Biotech Co., Ltd.
(Shanghai, China).
Grouping of experimental animals and nutrition program:
In this study, 32 Avian breed broiler chicks, aged one day and
without vaccine, were used. The ethics committee approval
for the study was obtained from the Adana Veterinary Control
Institute Experimental Animals Local Ethics Committee
(approval protocol number: 2019-2/390). The chicks having
equal live body weight were randomly divided into 4 equal
groups. The groups were given water with 5% sugar for the
first 4-5 h and for the next 42 days, they were given ad libitum
access to water and food. During this period, birds were
housed in compartments at a constant ambient temperature
of 22EC with a 12 h light/dark cycle.
The following were the four animal groups:
C

Control group (N = 8): This group served as a negative

C

control and broiler chicks in this group were fed only
standard diet during the whole study period
AFB1 group (N = 8): The broiler chicks in this group were

C

fed with feed containing AFB1 (1 mg of AF kgG1 of food)
for 42 days
UDSE group (N = 8): Broiler chicks in this group were

C

fed with feed containing UDSE (30 mL kgG1 of food) for
42 days.
AFB1+UDSE group (N = 8): The broiler chicks in this group
were fed with AFB1 (1 mg of AF kgG1 of food) and UDSE
(30 mL kgG1 of food) for 42 days

All the experimental chicks were weighed at the
beginning of the experiment. Total feed consumptions were
measured and recorded on days 7th, 14th and 21sd, 28th, 35th
and 42th.
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Table 1: Effect of aflatoxin B1 (AFB1) and/or Urtica dioica seedsʼ extract on weekly body weight gain (BWG, g birdG1) of the broilers
Control
Baseline
7th day
14th day
21st day
28th day
35th day
42th day
a

Aflatoxin (1 mg kgG1)

UDSE (30 mL kgG1)

Aflatoxin+UDSE (1 mg kgG1+30 mL kgG1)

P

46.19±1.21
154.20±6.24a
324.10±18.5b
638.65±34.22a
113745±23.12a
1680.15±20.10a
2145.25±25.15a

46.23±0.66
163.60±5.16
374.34±26.16
684.10±39.57
1278.00±35.85
1925.15±20.45
2510.25±30.15

47.10±0.76
167.50±6.04
390.59±19.78
700.15±43.69
1187.21±35.79
1790.30±40.70
2340.20±30.45

**
0
**
**
**
**

45.63±0.74
175.15±4.85
426.89±12.76
788.23±20.23
1235.12±19.25
1845.17±21.25
2445.25±15.30

Significantly different (**p<0.001, *p<0.01) when compared to control values. bSignificantly different (p<0.05) when compared to control and Aflatoxin+UDSE groups

embedded in paraffin blocks. After that 4 :m sections were
taken with a rotary microtome. The sections were stained with
hematoxylin-eosin (HE) and, when needed, some sections
were stained with Masson's trichrome and Sudan black dyes
and then examined under the microscope.

Creating feed with aflatoxin: One mg of AFB1 was added to
one kilogram of commercial feed, which was found to have no
aflatoxin by laboratory analysis (mg kgG1).
Plant materials and extraction procedure: Urtica dioica
seeds were used as plant material. The seeds were ground in

Immunohistochemical examination:

an electric mill and their natural oil was extracted in a
rotary evaporator using diethyl ether as solvent . The extract
1

(30 mL kgG ) was added to the feed.
Collection of serum samples: At the end of the trial
period blood samples were collected into yellow-capped
biochemistry tubes and broilers were euthanized via cervical
dislocation. For biochemical analysis, serum samples were
obtained by centrifuging of blood at 3000 xg for 15 min. at
+4EC.
Homogenization of liver tissues and supernatant
production: Only 1.8 mL of phosphate buffer (50 mM) with a
pH of 6.7 and was added to 200 mg of tissue and
homogenized for about 15 s with a homogenizer. The mixture
was then centrifuged at 3000 xg and +4EC for 30 min. The
supernatant in upper phase was collected and then put in
another tube and kept at -80EC for the following analysis.
Biochemical measurements in serum and liver samples:
The activities of SOD, GSH-Px and CAT and the levels of TAS,
TOS, BcL-2 and Caspase-3 in the serum and liver tissue
homogenates were measured with commercially purchased
enzyme-linked immunosorbent assay (ELISA) kits (ELISA, YL
biont, Shanghai YL Biotech Co., Ltd.) in accordance with the
package insert.
Histopathological examination:

At

the

end

In

immunohisto-

chemical examination, the expression of alpha-smooth muscle
actin (ASTHMA) were determined using the streptavidin/biotin
immunoperoxidase kit (Histostain-Plus Bulk Kit; Zymed, South
San Francisco, CA, USA) according to the streptavidinperoxidase method (ABC). After the sections were taken on
adhesive slides, they were passed through xylene and alcohol
series. The sections were washed with phosphate buffer
solution (PBS) and incubated in 3% H2O2 for 20 minutes for
inactivation of endogenous peroxidase. The sections were
placed in the antigen retrieval solution (citrate buffer) and
covered and then heat-treated twice for 20 min. After this,
they were taken out of the oven, it was waited until reached
at the room temperature and then the tissues were
washed again with PBS, they were blocked by protein
blocking (non-immune serum) for 20 minutes. Polyclonal
antibodies of ASTHMA (Novocastra-NCL-L-CD8-4B11, 1/100
dilution) were added to the tissues and incubated overnight
at +4EC. After that, the sections were washed with PBS and
incubated for 20 min at room temperature with the
biotinylated secondary antibody. The sections washed again
with PBS and then kept in streptavidin-peroxidase for 20 min.
After washing with PBS, diaminobenzidine (DAB) was dropped
and incubated for 1-2 min. Then all tissues were kept in
Mayer's hematoxylin for 1-2 min and washed in tap water. The
sections were passed again through the alcohol and xylene
series and were then covered with Entellan. Negative controls
were used to confirm staining. These slides were reacted with
PBS instead of primary antibodies. Sections were examined
and photographed under a light microscope (Nikon 80i-DSRI2).

28

of the

experiment, necropsies of the subjects were performed and
the liver tissue samples, which is considered as the main target
organ for AFB1 toxicity, were collected. The macroscopic
observed and recorded. The liver tissue

Statistical analysis for biochemical data: All statistical

samples were fixed in a 10% formalin solution and were then

analyses were performed using the Statistical Package for

changes

were

258

Int. J. Poult. Sci., 20 (6): 256-269, 2021
Social Science (SPSS) version 21.0 for windows (SPSS Inc.,

Biochemical data: In order to evaluate protective and

Chicago, IL, USA). Descriptive statistics of the groups were

antioxidant effects of Urtica dioica seedsʼ extract on chronic
aflatoxicosis in broiler chickens, activities of SOD, GSH-Px and
CAT and the levels of TAS, TOS, BcL-2 and Caspase-3 were
measured in the liver homogenates as well as the serum.
Effect of aflatoxin B1 with and without Urtica dioica seedsʼ
extract on the activities of SOD, GSH-Px and CAT and the levels
of TAS, TOS, BcL-2 and Caspase-3 in the serum and the liver
tissue is shown in Table 2 and Table 3 respectively.
In the liver homogenate, the activities of antioxidant
enzymes (SOD, GSH-Px and CAT) and the levels of TAS and
anti-apoptotic factor BcL-2 in AFB1 group were significantly
lower than that of the control group (p<0.001) and the levels
of TOS and caspase-3 were significantly higher in AFB1 group
than that of the control group (p<0.001) (Table 2 and Fig. 1).
In addition, the activities of SOD, GSH-Px and CAT and the
level of TAS in the UDSE group were significantly higher than
those of the control and AFB1 groups (p<0.001). However, as
in AFB1+UDSE groups, the administration of Urtica dioica
seedsʼ extract as well as AFB1 significantly elevated activities of
hepatic SOD and GSH-Px and CAT (p<0.001) compared to AFB1
group. Note that, the level of TOS in AFB1 group was higher
than those in all other groups (p<0.001) and with the addition
of UDSE, in AFB1+UDSE group the level of TOS was lower
compared to AFB1 group (p>0.001).

expressed as mean and standard deviation. Kruskal-Wallis
non-parametric test was used to determine whether the
differences between the groups were significant in the same
parameter. Post-hoc test (multiple comparison testes) was
performed to determine from which group the significant
differences were originated. Values of p less than 0.05 were
considered significant.
RESULTS
Live weight data: The effects of AFB1-containing feed with
and without UDSE on live body weight gain (BWG) of the
broilers after feeding for up to 6 weeks are summarized in
Table 1. The average live weight of the groups was similar at
the beginning of the study (day 0). The body weight gain was
significantly lower in the aflatoxin treated groups than that of
the control group at all weekly measurements (p<0.05).
However, improvement was observed in body weight gain of
broiler chicks fed with AFB1 and UDSE; there were no
significant difference in terms of live body weight between
AFB1+UDSE group and the control group at any weekly
measurements (p>0.05).

Table 2: Effect of aflatoxin B1 and/or Urtica dioica seedsʼ extract on the activities of SOD, GSH-Px and CAT and the levels of TAS, TOS, BcL-2 and Caspase-3 in the liver
tissue
Parameters

Control

SOD
GSH-Px
CAT
TAS
TOS
BcL-2
Caspase-3

4.103±0.389
1.225±0.054
0.943±0.055
2.743±0.181
0.496±0.028
0.675±0.032
0.438±0.040

AFB1 (1mg kgG1)

UDSE (30 mL kgG1)
4.228±0.289…
1.354±0.078…
1.013±0.071…
2.912±0.381…
0.416±0.033…
0.675±0.053…
0.364±0.024…,*

3.088±0.193*
1.003±0.048*
0.748±0.046*
2.068±0.163*
0.666±0.053#
0.510±0.057*
0.507±0.019*

AFB1 +UDSE (1 mg kgG1 +30 mL kgG1)

p-value

3.783±0.469…
1.154±0.082…,2
0.902±0.090…
2.397±0.2052
0.501±0.068
0.583±0.0372, *
0.461±0.040 2

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

*Significant when compared to control group (p<0.001), …Significant when compared to AFB1 group (p<0.001), 2significant when compared to UDSE group (p<0.001),
: significant when compared to other groups (p<0.001). SOD: Superoxide dismutase (mU mgG1 protein), GSH-Px: glutathione peroxidase (ng mgG1 protein), CAT:
Catalase (ng mgG1 protein), TAS: total antioxidant status (pg mgG1 protein), TOS: Total oxidative stress (pg mgG1 protein), BcL-2: Antiapoptotic gene (ng mgG1 protein),
caspase-3 (pmol mgG1 protein)
#

Table 3: Effect of aflatoxin B1 and/or Urtica dioica seedsʼ extract on the activities of SOD, GSH-Px and CAT and the levels of TAS, TOS, BcL-2 and Caspase-3 measured
in the serum samples
Parameters

Control

SOD
GSH-Px
CAT
TAS
TOS
BcL-2
Caspase-3

50.92±7.06
61.05±1.28
10.50±0.80
26.47±1.92
5.10±0.40
5.07±0.50
2.78±0.53

AFB1 (1 mg kgG1)

UDSE (30 mL kgG1)

34.21±2.47*
40.20±4.95*
6.95±0.40*
18.01±1.04*
8.40±1.33 #
3.00±0.17*
4.37±0.51*

84.50±9.46*,…,N
63.06±1.44…,N
13.77±2.26*,…,N
28.42±3.67…
4.54±0.33
5.42±0.73…,N
2.13±0.20…,N

AFB1+UDSE (1 mg kgG1 +30 mL kgG1)
38.96±1.12*
42.68±4.87
8.40±0.54
22.10±2.06
6.67±0.53*
4.60±0.31…
4.06±0.53* , #

p-value
0.001
0.001
0.001
0.001
0.001
0.001
0.001

*Significant when compared to control group (p<0.001), …Significant when compared to AFB1 group (p<0.001), NSignificant when compared to AFB1 +UDSE group
(p<0.001), #Significant when compared to control and UDSE groups (p<0.001). SOD: Superoxide dismutase (mU mgG1 protein), GSH-Px: Glutathione peroxidase (ng
mgG1 protein), CAT: Catalase (ng mgG1 protein), TAS: Total antioxidant status (pg mgG1 protein), TOS: total oxidative stress (pg mgG1 protein), BcL-2: Antiapoptotic gene
(ng mgG1 protein), caspase-3 (pmol mgG1 protein)
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3
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#
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*

= 
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*
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CAT
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BcL-2

Caspase 3

Biochemical Parameters

Fig. 1: Comparison of the results of biochemical parameters measured in liver tissue
*p: They are significant according to the control group (p = 0.001), …p: They are significant according to the aflatoxin group (p = 0.001), 2p: They are significant
according to the UDSE group (p = 0.001), #p: It is significant according to the other groups (p = 0.001). UDSE: Urtica dioica seed extract, SOD: Superoxide
dismutase (mU mgG1 protein), GSH-Px: Glutathione peroxidase (ng mgG1 protein), CAT: catalase (ng mgG1 protein), TAS: Total antioxidant status (pg mgG1
protein), TOS: Total oxidative stress (pg mgG1 protein), BcL-2: Antiapoptotic gene (ng mgG1 protein), caspase-3 (pmol mgG1 protein)

AFB1 group had a lower level of BcL-2 in liver tissue

groups.

compared to the control group (p<0.001). Nevertheless, the

The level of the serum TOS was significantly higher in the

group treated with UDSE significantly reversed the decrease

AFB1 group compared to the control group (p>0.001) and was

induced by AFB1 (p<0.001). Aflatoxin treatment in AFB1 group

lower in the AFB1 +UDSE group compared to the AFB1 group,

significantly increased the level of the apoptotic factor,

which was not significant (p>0.05) though.

caspase-3 compared to the control group (p<0.001). This

Serum caspase-3 value in the AFB1 group were

effect was reversed to some extents when UDSE was

significantly higher than that of the control group (p<0.001).

administered as in AFB1+UDSE group; there were no

However, although the caspase-3 value in the AFB1+UDSE

significant difference in levels of caspase-3 between the

group was lower than that of the AFB1 group, it was not

control and AFB1+UDSE groups (p>0.05). However, although

significant (p>0.05). AFB1 treatment significantly decreased

the level of caspase-3 of the AFB1+UDSE group were lower

the level of anti-apoptotic factor BcL-2 as compared to control

than that of the AFB1 group, it was not significant (p> 0.05). In

group (p<0.001). However, UDSE treatment along with AFB1

addition, the level of caspase-3 in UDSE group was markedly

significantly reversed the change induced by AFB1 treatment.

lower than those of the control and AFB1 groups (p<0.001).

BcL-2 values in AFB1+UDSE group were significantly higher
than that of the AFB1 group (p<0.001).

The measurements of the activities of SOD, GSH-Px and
CAT and the levels of TAS, TOS, BcL-2 and Caspase-3 from the
serum samples were comparable with those measurements

Macroscopic findings: The livers of the broilers in the aflatoxin

taken from the liver homogenate as summarized in Table 3

group were larger and the edges were blunt and yellowish in
colour and crisp consistency (Fig. 3c) in contrast to the normal
appearances of the livers of the control (Fig. 3a) and UDSE
(Fig. 3b) group of broilers. However, it was noteworthy that
the livers of the animals in the AFB1 +UDSE group were
comparable to those of the control group (Fig. 3d).

and Fig. 2. Treatment with AFB1 produced a dramatic decrease
in the activities of SOD, GSH-P and CAT and the levels of TAS
and BcL-2 in AFB1 group along with a significant elevation in
the levels of TOS and caspase-3 values compared to the
control group (p<0.001). Whereas it was noteworthy that
serum SOD levels in UDSE-supplemented group were
significantly higher than those of the other groups, even the

Histopathological findings: The livers had normal histological

control group (p<0.001). However, the activity of SOD in AFB1

appearances in the control and UDSE groups (Fig. 4a and 4b).
The main morphological changes in the livers in the AFB1
group were hydropic and fatty degenerations, which were
more severe in the lobes, especially in the periacinar regions
(Fig. 4c). The degenerated hepatocytes ranged from slightly

and AFB1+UDSE group were lower than that of the control
group (p<0.001). However, there was no significant difference
between them (p>0.05). In addition, this situation was similar
for GSH-Px, CAT and TAS values in AFB1 and AFB1 +UDSE
260

Int. J. Poult. Sci., 20 (6): 256-269, 2021
=
*

100

Control

Aflatoxin

UDSE

Aflatoxin+UDSE

75
=

50
*

*

*
=

25

=
*

*
#

*

*

0
SOD

GSH-Px

CAT

TAS

TOS

*

= =

BcL-2

*
* =#
Caspase 3

Biochemical Parameters

Fig. 2: Comparison of biochemical parameter values measured in serum samples
*p: They are significant according to the control group (p = 0.001), …p: They are significant according to the aflatoxin group (p = 0.001), #p: It is significant
according to the control and UDSE groups (p = 0.001). UDSE: Urtica dioica seed extract, SOD: Superoxide dismutase (mU mgG1 protein), GSH-Px: Glutathione
peroxidase (ng mgG1 protein), CAT: Catalase (ng mgG1 protein), TAS: Total antioxidant status (pg mgG1 protein), TOS: Total oxidative stress (pg mgG1 protein),
BcL-2: Antiapoptotic gene (ng mgG1 protein), caspase-3 (pmol mgG1 protein)

(a)

(b)

(c)

(d)

Fig. 3(a-d): Total representation of macroscopic images for all groups
The normal view of the broiler liver of the control (a) and UDSE group (b). AFB1group has a distinct yellowish color change (fat degeneration) in the broiler
liver (c). AFB1+UDSE group shows almost the normal appearance of the broiler liver (d)

in the nucleus of severe balloon-like degenerated hepatocytes

bulging and light-coloured to severe bubble-like appearance.
It was noted that the cytoplasm and nucleus of hepatocytes
were pushed towards the cell wall depending on the severity
of degeneration. It was also determined that necrosis occurred

(Fig. 4d). The nuclei of some hepatocytes were found to be
larger (karyomegaly), showing marginal hyperchromia and
darker staining (dysplasia in hepatocytes). Regeneration
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efforts and mitotic figures were determined in hepatocytes in

some regions of hepatocytes formed acinar structures in the

some regions. As a result of these morphological changes, it

ring style. Focal mononuclear cell infiltrations were found in

was observed that the remark cord structures deteriorated

the parenchyma and portal intervals. A large number of

and the sinusoids narrowed. It was noteworthy that activation

proliferated small bile ducts were noticed around the vena

occurred in perisinusoidal myofibroblastic cells and Kupffer

porta (Fig. 4f).

cells in some regions and also it was noted that

As compared to AFB1 group, the histological evaluation

myofibroblastic cell proliferations (fibrotic changes) extend to

of liver sections of AFB1+UDSE group showed only minimal

portal gaps in the form of thin cords from the periacinar

morphological changes in hepatic parenchyma (Fig. 4g).

regions (Fig. 4e). In periportal regions, it was observed that

However, activation in Kupffer cells and focal small lymphoid

(b)

(a)

50 µm

50 µm

(c)

(d)

50 µm

100 µm
(e)

(f)

50 µm

50 µm

Fig. 4(a-j): Continue
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(g)

(h)

50 µm
(i)

50 µm
(j)

Fig. 4(a-j): Collective representation of microscopic images for all groups
Normal histological view of the liver belonging to the control (a) and UDSE group (b), (H&E. Bar; 50 µm). Widespread severe hydropic and fatty
degeneration in hepatocytes belonging to aflatoxin group (H&E. Bar; 100 µm) (c). In AFB1 group, note that the cytoplasm and nucleus of severe balloon-like
degenerate hepatocytes were pushed towards the cell wall and the sinusoids narrowed (stars) (H&E. Bar; 50 µm), (d). Fibrotic changes (arrows) spreading
in thin cords in the liver parenchyma, showing the activation of perisinusoidal cells in AFB1 group (H&E. Bar; 50µm) (e). Numerous proliferating small
bile ducts around the portal vein in AFB1 group (H&E. Bar; 50 µm) (F). Almost normal histological appearance in the liver parenchyma of AFB1 +UDSE
group, but significant activation (arrowheads) in Kupffer cells is noteworthy (H&E. Bar; 50 µm) (g). Sparse immunohistochemical positive reaction for
alpha-smooth muscle actin in perisinusoidal cells of the control group (Immunoperoxidase staining, Bar; 50 µm) (h). A more pronounced
immunoreactivity in narrowed sinusoids around severely degenerated hepatocytes in the AFB1 group, showing the activation of perisinusoidal
myofibroblastic cells (arrows) (Immunoperoxidase staining, Bar; 50 µm), (I). The immunohistochemical reactions in the AFB1+UDSE group, being an
almost similar appearance to those of the control group (Immunoperoxidase staining, Bar; 50 µm) (j).

immunohistochemical reactions in the AFB1+UDSE
group, control and UDSE groups were almost similar (Fig. 4j).

cell infiltrations were observed in the parenchyma. The main
morphological changes detected in the liver are shown in
Table 4.

DISCUSSION
Immunohistochemical findings
The

Alpha-smooth muscle actin (ASTHMA): Sparse staining was

present

study

showed

antioxidant

and

hepatoprotective effects of Urtica dioica seedsʼ extract on

detected in perisinusoidal cells of the control and UDSE
groups (Fig. 4h). A more pronounced immunoreactivity in
sinusoids around severely degenerated hepatocytes
was determined in the AFB1 group, showing the
activation of perisinusoidal myofibroblastic cells (Fig. 4I). The

chronic aflatoxicosis in broiler chickens. The broiler chickens
fed with aflatoxin B1 (AFB1) developed significant hepatic
damage as manifested by diffuse hydropic degenerations,
periportal
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fibrosis

and

activation

of

perisinusoidal
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Table 4: Comparison of histopathological lesions observed in the liver
Liver lesions

Control

Degeneration

-/8b

8/8a

-/8b

-/8a

Mild

*

0

*

*

Moderate

*

3

*

*

Severe

*

5

*

*

-/8b

8/8a

-/8b

5/8ab

Mild

*

0

*

5

Moderate

*

4

*

*

Severe

*

4

*

*

-/8b

8/8a

-/8b

-/8b

*

Fibrosis

-/8b

8/8a

-/8b

-/8b

*

Mild

*

0

*

*

Moderate

*

4

*

*

Severe

*

4

*

*

-/8b

4/8a

-/8b

-/8b

Mild

*

4

*

*

Moderate

*

*

*

*

Severe

*

*

*

*

Myofibroblastic proliferation

Bile duct proliferation

Dysplasia in hepatocytes

ab

Aflatoxin

UDSE

Aflatoxin+UDSE

p-values
*

**

*

The difference between the values carrying different letters in the same line are significant, (p<0.05) . *p<0.05

myofibroblastic (Ito) cells. Aflatoxin B1 treatment also

degeneration especially in hepatocytes in the centrilobular
regions and bile duct proliferation and inflammatory cell
infiltration in the liver4 and also fibrosis and hepatocellular
carcinoma in chronic cases 38,39.
Aflatoxins have been reported to cause wilt, enlargement
and congestion in the liver macroscopically4,40. In the study
presented here, it was observed that there were significant
macro-morphological (enlargement and yellowish colour)
changes in the livers of broilers in the aflatoxin group, but the
livers of the broiler in the AFB1 +UDSE group were quite similar
to the control group. Morphological changes observed in the
present study were consistent with previous studies27,41. The
finding that the histopathological changes were reversed by
treatment with Urtica dioica seedsʼ extract may imply that the
Urtica dioica seedsʼ extract added to the feed protects the liver
due to its strong antioxidant effect or decreased absorption of
aflatoxin by binding of aflatoxin in the gastrointestinal tract.
There are evidences presented in the current study for
antioxidant effect, but detailed studies are needed regarding
the binding of aflatoxin, especially in the gastrointestinal tract.
In experimental aflatoxicosis studies in broiler chicks, it
has been reported that hepatocellular degenerations in the
liver show especially periacinar localization16,27,42). It was
noteworthy that this study was also compatible with the
above studies16,27,42 in terms of localization of the lesions. In
aflatoxicosis, morphological changes such as increasing
enlargement in the nucleus and cytoplasm of hepatocytes
(megalocytosis), condensation of nuclear chromatin in the
nuclear membrane (hyperchromasia), increasing number and
prominence in nucleus were also observed16,27 and the results
of the present study are compatible with these previous
studies.

decreased the activities of SOD, GSH-Px and CAT and the levels
of TAS and BcL-2 and increased of the levels of TAS and
caspase-3 in liver tissue and serum. Administration of Urtica
dioica seedsʼ extract restored the changes induced by
aflatoxin B1 to a large extent.
The most harmful, reactive and electrophilic metabolites
of aflatoxins is exo AFB1-8, 9-epoxide derivative (exo-AFB1-8,9epoxide = AFBO)29. It has been reported that the main enzyme
responsible for the conversion of aflatoxin to aflatoxin-O in
poultry is the hepatic microsomal cytochrome CYP-450
enzyme, which is found mainly in the liver, especially in
hepatocytes around the vena centralis29,30. AFBO can be
detoxified by conjugating with endogenous glutathione (GSH)
by a reaction catalysed by glutathione S-transferases (GSTs).
GSH thus reduces the toxic effects of AFBO and helps it to be
expelled from the body. GSH is one of the most important
enzymes that protect from potentially toxic chemicals such
as drugs and carcinogens31-33. The sensitivity of the poultry
species to aflatoxin is determined by the inadequate level of
conjugation of AFBO by GSH34. Among poultry species, it has
been noted that turkeys are the most susceptible to aflatoxins,
but chickens are relatively more resistant 35.
When AFBO is detoxified, they react with DNA, RNA,
functional proteins, enzyme cofactors and chemical structures
in the membrane and inhibit biosynthesis pathways and
energy production. As a result, by inhibition of protein
synthesis in the cell and disruption of cellular integrity the
cellular injury occurs in tissues29-31,36. Since various toxic
substances are metabolized and detoxified by the liver, it is
the most affected organ in aflatoxicosis3,37). Aflatoxicosis cause
a range of pathological changes including necrosis and fatty
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Proliferation of bile ducts and hyperplasia in ductus

Aflatoxins inhibit the digestion of fats by inhibiting

epithelium in portal areas were formed in cases of

enzymatic reactions and bile secretion in living beings,

aflatoxicosis16,27,43. It has been suggested that the severity of

thereby disrupting the body's energy metabolism because of

these morphological changes in bile ducts is closely related to

the decreased rate in utilization of fat46. Aflatoxins also react

the dose of AFB1 and the duration of experimental period and

with fat-soluble vitamins and cause a deficiency of these

that it is a reaction against parenchymal damage in the liver,

vitamins in the body and therefore lesions occur especially

followed by degenerative-necrotic changes in hepatocytes44.

due to vitamin A, D and K deficiencies 47,48. In a previous study,

In current study, proliferation in bile ducts was also observed

it has been reported that there is a decrease in the body

in aflatoxin group.

weight of broiler chicks with aflatoxicosis by 12-57%47. These

During the development of chronic parenchymal

decreases in body weight gain have been associated with

damage, the proliferation and collagen production by

inhibition of protein and lipid synthesis due to decreased

myofibroblastic change of Ito cells is crucial in the

appetite and feed intake and hepatotoxicity9. Consistently, in

pathogenesis of liver fibrosis. It has been reported that fibrosis

our study, as can be seen in Table 1, the weekly body weights

previously appeared only in portal areas, but over time, fibrous

of the broilers in the aflatoxin group were significantly

septa that extend from portal areas to vena centralis have

(p<0.05) lower than those of the control group. At the end of

appeared45. The activation of Ito cells was also observed in the

the experiment, the body weight increase in the aflatoxin

44

liver as a result of aflatoxicosis . In the present study, the

group was found to be less by approximately 20% when

activation, which was histologically evident in perisinusoidal

compared to the control group. It was observed that this rate

cells, was observed especially in the aflatoxin group and it was

of growth retardation in broilers in our study was similar to

observed that these proliferations extended as thin cords

earlier studies conducted in broilers47,49. In the current study,

(fibrous bands) from the periacinar regions to the portal

it was noteworthy that the mean body weight at the end of

spaces. In immunohistochemical staining, strong smooth

the experimental period (day 42) in the control, UDSE and

muscle actin reaction was noted in these areas. These reactive

AFB1 +UDSE groups was comparable. These results showed

cells are thought to be perisinusoidal myofibroblastic Ito cells.

that addition of 30 mL of UDSE to kg of feed restores the

However, remarkably, it was determined that these recurrent

negative effects of aflatoxin on live weight.

cells showed a very limited increase in the AFB1 +UDSE group.

Aflatoxin has been found to stimulate the release of free

As a result, it is thought that the development of

radicals called as reactive oxygen species that cause damage

degenerative-necrotic changes in the liver tissue is prevented

to protein, lipid and DNA36,50,51. Increased lipid peroxidation

by the effect of many bioactive components in U. dioica seedsʼ

in hepatotoxicity associated with AFB1 leads to increased

extract and thus the fibrosis formation is suppressed. These

sensitivity, leading to damage to cell membranes52,53. Due to

findings show that U. dioica seedsʼ extract has a strong

these damages, levels of ALT, AST and lipid peroxidation

hepatoprotective effect. Indeed, it has been also

increase and the activity of antioxidant enzymes such as SOD,

demonstrated in many studies that U. dioica seedsʼ extract has

CAT and GSH-Px decreases16.27,54. It has been noted that SOD,

15,16,24,27

a strong hepatoprotective effect

. In one of these

catalase and deforaximin inhibit the destructive effect of AFB1

studies, it was noted that the UDSE prevented lipid

on rat liver cells53. This information proves that reactive oxygen

peroxidation by 98%, therefore it is a powerful natural

species play an important role in cell toxicity induced by AFB1.

antioxidant . In another study, it has been reported that in

U. dioica has been reported to have strong antioxidant

experimentally CCl4-induced liver fibrosis, UDSE has a strong

properties compared to well-known antioxidants such as

antifibrotic effect and this may be related to the antioxidant

butylated hydroxytoluene (BHT), butylated hydroxyanisole

15

(BHA), vitamin E and quercetin15. Yener et al.16 showed that the

24

and immunomadulatory properties of UDSE . In other studies

use of U. dioica in rats treated with aflatoxin significantly

16

where experimental aflatoxicosis was induced in rats and
27

broiler chicks , it has been emphasized that UDSE has a strong

improved GR, SOD, CAT and GSH-Px activities and GSH levels

hepatoprotective effect against aflatoxins. In addition, it has

compared to aflatoxin group in erythrocyte, brain and liver

been suggested that this protective effect may be achieved by

tissues. In a previous study Erbo—a et al.55 investigated the

preventing lipid peroxidation or by activating antioxidant

protective effects of U. dioica on inhibition of SOD, CAT and

defence systems through various bioactive components of

GSH-Px activities with doxorubicin administration and

UDSE.

reported that U. dioica restored SOD, CAT and GSH-Px
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activities. Vajic et al.56 showed that extract from U. dioica

One of the key regulators in the molecular mechanisms of

leaves increased SOD, CAT and GSH-Px activities in

apoptosis is the BcL-2 family62. The BcL-2 multigen super

erythrocytes of rats with high blood pressure. Joshi et al.

57

family includes anti-apoptotic genes such as BcL-2, BcL-xL and

showed that in rats with CCl4-induced liver damage, UDSE

proapoptotic genes such as Bax and Bad61. Apoptosis is

increased CAT activity as well as reduced glutathione (GSH)

suppressed by BcL-2, which can inhibit Bax gene expression

levels. In our study, there was a significant increase in the

and free radical production62. Bax's proapoptotic mechanism

activities of SOD, GSH-Px and CAT in the serum and the liver of

is triggered by the release of cytochrome c, which can activate

UDSE group compared to the control group. However, this

caspase-3 and form a diplo polymer with BcL-2. The release of

increase was found to be significant only for serum SOD

cytochrome-c after mitochondria damage leads to DNA

values. In addition, in the aflatoxin group, SOD, GSH-Px and

damage and apoptosis by activation of the caspase-3-

catalase levels decreased significantly compared to the control

mediated pathway62. In a study, BcL-2 and BcL-xL levels were

group. However, SOD, GSH-Px and catalase levels in the group

relatively unchanged in neurons that remained alive after

using UDSE with aflatoxin were significantly higher than the

ischemic deformation, while the immune reactivity of BcL-2

aflatoxin group. These results are compatible with the

and BcL-xL was low and Bax immune reactivity was high in

previous studies mentioned above55-57, indicating that UDSE

damaged-neurons after focal and global ischemia (Bax)61.

along with aflatoxin restores the activities of SOD, GSH-Px and

Consistently, in the current study, we observed that aflatoxin

catalase significantly.

significantly decreased the level of BcL-2, but the use of UDSE

TAS and TOS levels has been widely studied in recent

restored BcL-2 levels.

years to determine oxidative stress and antioxidant

As a whole, UDSE prevented tissue damage due to an

capacity58,59. Bitiren et al.58 found that in rats with CCl4-induced

effective antiapoptotic and strong antioxidant effects in

liver injury, administration of UDSE along with CCl4

broiler aflatoxicosis, which is supported by histopathological

significantly increased serum TAS levels compared to CCl4

and immunohistochemical results.

group and decreased TOS levels. Terzi et al. showed that
59

U. dioica increased TAS levels and decreased oxidative stress

CONCLUSION

index (TOS / TAS) in rats with liver ischemia reperfusion injury.
In our study, aflatoxins significantly decreased the liver and

Biochemical analysis showed that Urtica dioica seedsʼ

serum TAS levels and increased TOS levels compared to the

extract efficiently restores the activities of SOD, GSH-Px and

control group. However, administration of UDSE along with

CAT and the levels of TAS, TOS, BcL-2 and Caspase-3,

aflatoxin increased TAS levels compared to the aflatoxin group

which is further supported by histopathological and

and decreased TOS levels. These results show that

immunohistochemical observations. Therefore, it could be

administration of UDSE along with aflatoxin may increase TAS

recommended that UDSE could possibly be used in broiler

levels compared to aflatoxin group and decrease TOS levels.

breeding for the purpose of protection from aflatoxicosis.

These findings strongly indicated that the supplementation of
UDSE in combination with aflatoxin can maintain antioxidant

ACKNOWLEDGMENT

capacity in serum and liver tissue and prevent liver
dysfunction.

This research was supported by Van Yuzuncu Y2l

Induction, cell death in apoptotic pathways is associated

University Scientific Research Projects Presidency (Proje No:

with activation of caspases60. Caspase-3 is one of the key

TDK-2019-8112).

players of apoptosis. Activation of caspase-3 is an important
sign of apoptosis following ischemic brain injuries61. In

REFERENCES

the current study, the level of caspase-3 in aflatoxin
treated subjects was higher than that of the control group in

1.

both serum and liver tissues. However, supplementation of

Dagne, A., 2015. Challenges and Prospects of Poultry Industry:
The Case of Bahir Dar Town. GRIN Publishing, Munich,

UDSE along with aflatoxin slightly lower caspase-3 levels

Germany, Pages: 80.

compared to the aflatoxin group, indicating that the use of

2.

Bondy, G.S. and J.J. Pestka, 2000. Immunomodulation by

UDSE restore the increased level of caspase-3 induced by

fungal toxins. J. Toxicol. Environ. Health Part B: Crit. Rev.,

aflatoxin.

3: 109-143.

266

Int. J. Poult. Sci., 20 (6): 256-269, 2021
3.

4.

Rawal, S., J.E. Kim and R. Coulombe Jr., 2010. Aflatoxin B1 in

16. Yener, Z., I. Celik, F. Ilhan and R. Bal, 2009. Effects of

poultry: Toxicology, metabolism and prevention Res. Vet. Sci.,

Urtica dioica L. seed on lipid peroxidation, antioxidants and

89: 325-331.

liver pathology in aflatoxin-induced tissue injury in rats. Food

Hussain, Z., M.Z. Khan and Z.U. Hassan, 2008. Production of

Chem. Toxicol., 47: 418-424.

aflatoxins from Aspergillus flavus and acute aflatoxicosis in
5.

17. Balzarini, J., K.V. Laethem, S. Hatse, M. Froeyen, W. Peumans,

young broiler chicks. Pak. J. Agric. Sci., 45: 95-102.

E.V. Damme and D. Schols, 2005. Carbohydrate-binding

Mollenhauer, H.H., D.E. Corrier, W.E. Huff, L.F. Kubena,

agents cause deletions of highly conserved glycosylation sites

R.B. Harvey and R.E. Droleskey, 1989. Ultrastructure of hepatic

in HIV GP120. J. Bio. Chem., 280: 41005-41014.
18. Chrubasik, S., W. Enderlein, R. Bauer and W. Grabner, 1997.

and renal lesions in chickens fed aflatoxin. Am. J. Vet. Res.,
6.

50: 771-777.

Evidence for antirheumatic effectiveness of herba Urticae

Yu, Z., F. Wang, N. Liang, C. Wang and X. Peng et al., 2015.

dioicae in acute arthritis: A pilot study. Phytomedicine,

Effect of selenium supplementation on apoptosis and cell

4: 105-108.

cycle blockage of renal cells in broilers fed a diet containing
7.

19. Krystofova, O., V. Adam, P. Babula, J. Zehnalek, M. Beklova,

aflatoxin B1. Bio. Trace Elem. Res., 168: 242-251.

L. Havel and R. Kizek, 2010. Effects of various doses of selenite

Verma, J., B.K. Swain and T.S. Johri, 2002. Effect of various

on stinging nettle (Urtica dioica L.). Int. J. Environ. Res. Public

levels of aflatoxin and ochratoxin A and combinations thereof

Health, 7: 3804-3815.

on protein and energy utilisation in broilers. J. Sci. Food
8.

20. Riehemann, K., B. Behnke and K. Schulze-Osthoff, 1999. Plant

Agric., 82: 1412-1417.

extracts from stinging nettle (Urtica dioica), an antirheumatic

Verma, J., T.S. Johri and B.K. Swain, 2007. Effect of aflatoxin,

remedy, inhibit the proinflammatory transcription factor NF6B. FEEBs Lett., 442: 89-94.

ochratoxin and their combination on protein and energy
utilisation in white leghorn laying hens. J. Sci. Food Agric.,

21. Bnouham, M., F.Z. Merhfour, A. Ziyyat, H. Mekhfi, M. Aziz and

87: 760-764.
9.

A. Legssyer, 2003. Antihyperglycemic activity of the aqueous
extract of Urtica dioica. Fitoterapia, 74: 677-681.

Han, X.Y., Q.C. Huang, W.F. Li, J.F. Jiang and Z.R. Xu, 2008.
Changes in growth performance, digestive enzyme activities

22. Nassiri-Asl, M., F. Zamansoltani, E. Abbasi, M.-M. Daneshi

and nutrient digestibility of cherry valley ducks in response to

and A.-A. Zangivand, 2009. Effects of Urtica dioica extract on

aflatoxin B1 levels. Livest. Sci., 119: 216-220.

lipid profile in hypercholesterolemic rats. J. Chin. Integr. Med.,
7: 428-433.

10. Grenier, B. and T. Applegate, 2013. Modulation of intestinal

23. Ahangarpour, A., M. Mohammadian and M. Dianat, 2012.

functions following mycotoxin ingestion: Meta-analysis of

Antidiabetic effect of hydroalcholic Urtica dioica leaf extract

published experiments in animals. Toxins, 5: 396-430.
11. Raju, M.V.L.N. and G. Devegowda, 2000. Influence of

in male rats with fructose-induced insulin resistance. Iran. J.

esterified-glucomannan on performance and organ

Med. Sci., 37: 181-186.

morphology, serum biochemistry and haematology in

24. Turkdogan, M.K., H. Ozbek, Z. Yener, I. Tuncer, I. Uygan and

broilers exposed to individual and combined mycotoxicosis

E. Ceylan, 2003. The role of Urtica dioica and Nigella sativa in

(aflatoxin, ochratoxin and T-2 toxin). Br. Poult. Sci.,

the

41: 640-650.

hepatotoxicity in rats. Phytotheapy Res., 17: 942-946.

12. Surai, P.F., 2002. Natural Antioxidants in Avian Nutrition and

prevention

of

carbon

tetrachloride-induced

25. Kandis, H., S. Karapolat, U. Yildirim, A. Saritas, S. Gezer and

Reproduction. Nottingham University Press, Nottingham,

R. Memisogullari, 2010. Effects of Urtica dioica on hepatic

ISBN: 9781897676950, Pages: 615.

ischemia-reperfusion injury in rats. Clinics, 65: 1357-1361.

13. Ayan, A.K., Ö. ÇaliÔkan and C. Çirak, 2006. Economical

26. Mohammadi, A, B. Mansoori, S. Goldar, D. Shanehbandi and

importance of stinging nettle (Urtica spp.) and its cultivation.

V. Khaze et al., 2016. Effects of Urtica dioica dichloromethane

J. Fac. Agri., 21: 357-363.

extract on cell apoptosis and related gene expression in

14. Houghton, P.J., R. Zarka, B. de las Heras and J.R.S. Hoult, 1995.

human breast cancer cell line (MDA-MB-468). Cell Mol. Biol.,

Fixed oil of Nigella sativa and derived thymoquinone inhibit

62: 62-67.
27. Uyar, A., Z. Yener and A. Dogan, 2016. Protective effects of

eicosanoid generation in leukocytes and membrane lipid

Urtica dioica seed extract in aflatoxicosis: Histopathological

peroxidation. Planta Med., 61: 33-36.
15. Gulcin, I., O.I. Kufrevioglu, M. Oktay and M.E. Buyukokuroglu,

and biochemical findings. Br. Poult. Sci., 57: 235-245.

2004. Antioxidant, antimicrobial, antiulcer and analgesic

28. Akbay, P., A.A. Basaran, U. Undeger and N. Basaran, 2003.

activities of nettle (Urtica dioica L.). J. Ethnopharmacol.,

In vitro immunomodulatory activity of flavonoid glycosides
from Urtica dioica L. Phytother. Res., 17: 34-37.

90: 205-215.

267

Int. J. Poult. Sci., 20 (6): 256-269, 2021
44. Qian, G., F. Wang, L. Tang, M.E. Massey and N.J. Mitchell et al.,
2013. Integrative toxicopathological evaluation of aflatoxin B1
exposure in F344 rats. Toxicol. Pathol., 41: 1093-1105.
45. Enzan, H., H. Hara, H. Himeno, S. Iwamura, T. Saibara,
S. Onishi and Y. Yamamoto, 1994. Immunohistochemical
identification of Ito cells and their myofibroblastic
transformation in adult human liver. Virchows Arch.,
424: 249-256.
46. Malekinezhad, P., L.E. Ellestad, N. Afzali, S.H. Farhangfar,
A. Omidi and A. Mohammadi, 2021. Evaluation of
berberine efficacy in reducing the effects of aflatoxin B1 and
ochratoxin A added to male broiler rations. Poult. Sci.,
100: 797-809.
47. Glahn, R.P., K.W. Beers, W.G. Bottje, R.F. Wideman, W.E. Huff
and W. Thomas, 1991. Aflatoxicosis alters avian renal function,
calcium and vitamin D metabolism. J. Toxicol. Environ. Health,
34: 309-321.
48. Schell, T.C., M.D. Lindemann, E.T. Kornegay and D.J. Blodgett,
1993. Effects of feeding aflatoxin-contaminated diets with
and without clay to weanling and growing pigs on
performance, liver function and mineral metabolism. J. Anim.
Sci., 71: 1209-1218.
49. Miazzo, R., C.A.R. Rosa, E.C.D.Q. Carvalho, C. Magnoli and
S.M. Chiacchiera et al., 2000. Efficacy of synthetic zeolite to
reduce the toxicity of aflatoxin in broiler chicks. Poult. Sci.,
79: 1-6.
50. Amsted, P., A. Levy, I. Emerit and P. Cerutti, 1984. Evidence for
membrane-mediated chromosomal damage by AFB1 in
human lymphocytes. Carcinogenesis, 5: 719-723.
51. Mehrzad, J., G. Klein, J. Kamphues, P. Wolf, N. Grabowski and
H.J. Schuberth, 2011. In vitro effects of very low levels of
aflatoxin B1 on free radicals production and bactericidal
activity of bovine blood neutrophils. Vet. Immunol.
Immunopathol., 141: 16-25.
52. Shen, H.M., C.Y. Shi, H.P. Lee and C.N. Ong, 1994. Aflatoxin B1induced lipid peroxidation in rat liver. Toxicol. Applied
Pharmacol., 127: 145-150.
53. Rastogi, R., A.K. Srivastava and A.K. Rastogi, 2001. Biochemical
changes induced in liver and serum of aflatoxin B1-treated
male wistar rats: Preventive effect of picroliv. Pharmacol.
Toxicol., 88: 53-58.
54. Nixon, J.E., J.D. Hendricks, N.E. Pawloswki, P.M. Loveland and
R.O. Sinnhuber, 1981. Carcinogenicity of aflatoxlcol in Fischer
344 rats. J. Nat. Cancer Inst., 66: 1159-1163.
55. Erboga, M., Y.B. Donmez, U. Sener, Z.F. Erboga, C. Aktas and
M. Kanter, 2016. Effect of Urtica dioica against doxorubicininduced cardiotoxicity in rats through suppression of
histological damage, oxidative stress and lipid peroxidation.
Electron. J. Gen. Med., 13: 139-144.
56. Vajic, U.J., J. Grujic-Milanovic, Z. Miloradovic, D. Jovovic and
M. Ivanov et al., 2018. Urtica dioica L. leaf extract modulates
blood pressure and oxidative stress in spontaneously
hypertensive rats. Phytomed., 46: 39-45.

29. Diaz, G.J. and H.W. Murcia, 2011. Biotransformation of
aflatoxin B1 and its relationship with the differential
toxicological response to aflatoxin in commercial poultry
species. In: Aflatoxins, Guevara-González, R.G., (Ed.).
IntechOpen, Rijeka, Croatia, Pages: 20..
30. Diaz, G.J., H.W. Murcia and S.M. Cepeda, 2010. Bioactivation of
aflatoxin B1 by Turkey liver microsomes: Responsible
cytochrome P450 enzymes. Br. Poult. Sci., 51: 828-837.
31. Hussein, S.H. and J.M. Brasel, 2001. Toxicity, metabolism and
impact of mycotoxins on humans and animals. Toxicology,
167: 101-134.
32. Mishra, H.N. and C. Das, 2003. A review on biological
control and metabolism of aflatoxin. Crit. Rev. Food Sci. Nutr.,
43: 245-264.
33. Bbosa, G.S., D. Kitya, J. Odda and J. Ogwal-Okeng, 2013.
Aflatoxins metabolism, effects on epigenetic mechanisms
and their role in carcinogenesis. Health, 05: 14-34.
34. Hayes, J.D., D.J. Judah, L.I. McLellan and G.E. Neal, 1991.
Contribution of the glutathione s-transferases to the
mechanisms of resistance to aflatoxin b1. Pharmacol. Ther.,
50: 443-472.
35. Lozano, M.C. and G.J. Diaz, 2006. Microsomal and cytosolic
biotransformation of aflatoxin B1 in four poultry species.
Br. Poult. Sci., 47: 734-741.
36. Mughal, M.J., X. Peng, A.A. Kamboh, Y. Zhou and J. Fang, 2017.
Aflatoxin B1 induced systemic toxicity in poultry and rescue
effects of selenium and zinc. Bio. Trace Elem. Res., 178: 292300.
37. Grant, D., M. Mendicino and G. Levy, 2001.
Xenotransplantation: Just around the corner? Surgery,
129: 243-247.
38. Ellis, W.O., J.P. Smith, B.K. Simpson, J.H. Oldham and
P.M. Scott, 1991. Aflatoxins in food: Occurrence, biosynthesis,
effects on organisms, detection and methods of control. Crit.
Rev. Food Sci. Nutr., 30: 403-439.
39. Abrar, M., F.M. Anjum, M.S. Butt, I. Pasha, M.A. Randhawa,
F. Saeed and K. Waqas, 2013. Aflatoxins: Biosynthesis,
occurrence, toxicity and remedies. Crit. Rev. Food Sci. Nutr.,
53: 862-874.
40. Newberne, P.M. and W.H. Butler, 1969. Acute and chronic
effects of aflatoxin on the liver of domestic and laboratory
animals: A review. Cancer Res., 29: 236-250.
41. Kiran, M.M., O. Demet, M. Ortatath and H. Oguz, 1998. The
preventive effect of polyvinylpolypyrrolidone on aflatoxicosis
in broilers. Avian. Pathol., 27: 250-255.
42. Moorthy, A.S., M. Mahendar and P.R. Rao, 1986.
Hepatopathology in experimental aflatoxicosis in chickens.
Indian J. Anim. Sci., 55: 629-632.
43. S»owik, J., S. Graczyk and J.A. Madej, 1985. The effect of a
single dose of aflatoxin B1 on the value of nucleolar index of
blood lymphocytes and on histological changes in the liver,
bursa Fabricii, suprarenal glands and spleen in ducklings.
Folia Histochem. Cytobiol., 23: 71-79.

268

Int. J. Poult. Sci., 20 (6): 256-269, 2021
60. Sharifi, S., J. Barar, M.S. Hejazi and N. Samadi, 2015.
Doxorubicin changes Bax /BcL-xL ratio, caspase-8 and 9 in
breast cancer cells. Adv. Pharm. Bull., 5: 351-359.
61. Aboutaleb, N., N. Shamsaei, M. Khaksari, S. Erfani, H. Rajabi
and F. Nikbakht, 2015. Pre-ischemic exercise reduces
apoptosis in hippocampal CA3 cells after cerebral
ischemia by modulation of the Bax/BcL-2 proteins ratio and
prevention of caspase-3 activation. J. Physiol. Sci.,
65: 435-443.
62. Liu, Q., T. Si, X. Xu, F. Liang, L. Wang and S. Pan, 2015.
Electromagnetic radiation at 900 MHz induces sperm
apoptosis through BcL-2, Bax and caspase-3 signaling

57. Joshi, B.C., A. Prakash and A.N. Kalia, 2015. Hepatoprotective
potential of antioxidant potent fraction from Urtica dioica
linn. (whole plant) in CCL4 challenged rats. Toxicol. Rep.,
2: 1101-1110.
58. Bitiren, M., D. Musa, A. Ozgonul, M. Ozaslan and
A. Kocyigit et al., 2010. Protective effects of green tea
(Camelia sinrensis), Hypericum perforatum and Urtica dioica
on hepatic injury and lymphocyte DNA damage induced
by carbon tetrachloride in wistar rats. Int. J. Pharmacol.,
6: 241-248.
59. Terzi0, A., F. Yildiz, S. Çoban, A. TaÕkin, M. Bi0ti0ren and
N. Aksoy, 2010. Protective effect of Urtica dioica on liver injury
induced by hepatic ischemia reperfusion injury in rats. DÜZCE
Med. J., 12: 43-47.

pathways in rats. Reprod. Health, Vol. 12. 10.1186/s12978-

015-0062-3.

269

