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Abstract
This study investigated the effects of thiamethoxam (TMX), a neonicotinoid 
insecticide, on liver health in chickens and examined whether artichoke ex-
tract (ART) could offer protection. Forty-eight healthy chicks were divided 
into four groups: a control group given saline, a TMX group given TMX, a 
TMX + ART group given both TMX and ART and a protective ART + TMX 
group given ART first, then TMX. The results showed that artichoke extract 
significantly improved blood parameters and reduced liver damage markers 
compared to the TMX group. It also decreased oxidative stress and boosted 
antioxidant defenses. Gene expression analysis revealed that ART downreg-
ulated inflammatory markers in the liver. Histological examination confirmed 
that artichoke extract helped restore normal liver structure. Overall, artichoke 
extract effectively mitigated TMX-induced liver damage by reducing oxidative 
stress and improving biochemical and antioxidant markers.
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Study contribution
Pesticides are among the most dangerous agricultural compounds for many mam-
malian systems. They can cause a variety of illnesses, such as cancer, leukemia, 
asthma, hypersensitivity, and hepatotoxicity. Therefore, this study was designed to 
evaluate the toxic effects of thiamethoxam on the liver in poultry. The results revealed 
the significant antioxidant and anti-inflammatory properties of Cynara scolymus  
against the liver toxicity caused by thiamethoxam in poultry. These findings suggest 
that Cynara scolymus may be a promising therapeutic agent to reduce thiamethox-
am-induced hepatic damage in poultry.

Introduction
Neonicotinoids, a significant class of insecticides, have replaced earlier pesticide 
classes such as organochlorines, organophosphates, and carbamates in both veter-
inary medicine and the safeguarding of a wide range of agricultural crops.(1) Due to 
the widespread use of neonicotinoids, their persistence in crops, and their lengthy 
half-lives in soils (greater than 350 days for thiamethoxam (TMX)), humans and 
non-target creatures are regularly exposed to them.(2) Neonicotinoids work to kill 
insects by interfering with postsynaptic nicotinic acetylcholine receptors, which are 
essential for excitatory cholinergic neurotransmission in insects’ central nervous 
systems.(3) A second-generation neonicotinoid with major selectivity for insect nic-
otinic acetylcholine receptors, TMX has high efficacy and a broad-spectrum insec-
ticidal effect.(4)

The liver is essential for survival. Its strategic location, blood supply, and crucial 
role in metabolism and detoxification of endogenous and external substances make 
this organ a primary target for various toxicants. In poultry, hepatic injury may arise 
due to exposure to chemical poisoning or internal metabolic disorders. Recently, 
supplementation with natural compounds rich in biologically active molecules has 
gained considerable attention in preventing and treating many diseases.(5)

Artichoke is one of the most valuable bioenergetic crops for general-purpose 
application. Since it is a source of inulin, fructose, and pectin, Its green mass con-
tains a high concentration of carbohydrates such as fructose, glucose, and sucrose. 
The plant’s dry mass contains up to 17 % protein with a balanced amino acid 
composition. Incorporating inulin and bioethanol process waste from artichoke into 
feed composition may improve the economic efficiency of animal husbandry while 
ensuring the ecological safety of animal products.(6) Previous research on various 
farm animals has identified artichoke as a potential feed ingredient substitute, in-
cluding its fresh or ensiled stems and leaves for dairy cows and pigs, as well as its 
fresh or powdered tubers for pigs and poultry. Its unique composition offers po-
tential health advantages for pigs, laying hens, broilers, Japanese quail, sheep, fish, 
rabbits, cattle, horses, goats, bees, and wasps.(7)

Numerous plant extracts have been shown to exert a protective effect against 
hepatic injury. The Chicory family includes the medicinal plant Cynara scolymus, 
the artichoke. Vitamin C, carotenoids, hydrocinnamic acid, luteolin, glycosides, 
cynaroside, and β-rutinoside are among the many natural antioxidants found in 
this plant, as well as prebiotics including fructan, inulin, and oligofructose. Polyphe-
nols, like cynarine and its derivatives, which have a major protective effect on the 
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liver, are abundant in it. Cynara scolymus (CS) also contains potent components 
with antibacterial and antioxidant qualities, including organic acids, tannins, and  
vitamins.(8−10) These researchers found that CS and its derivatives might be a ben-
eficial addition to broiler diets as dietary supplements. Many studies have demon-
strated that CS beneficially influences the broiler immune system, performance, 
feed conversion ratio, weight gain, fertility, blood lipid and cholesterol levels, and 
liver protection, among other benefits.(11−13) Abdo et al.(14) found that the only 
change in carcass parameters brought about by CS consumption was a decrease in 
abdominal fat. During the growth, however, the extra CS powder in the diet resulted 
in lower blood cholesterol and fat levels and higher blood protein concentrations.

This study was conducted to assess the possible protective effect of artichoke 
extract against hepatotoxicity caused by TMX in chickens by monitoring the liver 
function parameters, oxidative stress biomarkers, histopathological alterations, and 
the expression pattern of interleukin-6 (IL-6), (NFkB), catalase (CAT), and glutathi-
one peroxidase (GPX) genes in liver tissues.

Materials and methods
Ethical statement
The procedures for managing animals in experiments and the design for this work 
were approved by the Egyptian Faculty of Veterinary Medicine’s Research Ethics 
Committee (Approval number: PhD/74).

Method
One-day-old Sasso chicks weighing an average of 40−45 g, 48 clinically healthy 
non-vaccinated chicks were obtained from a local poultry farm in Gamasa City,  
Dakahlia government. Two weeks before the experiment, the chickens were housed 
at the poultry lab at the Animal Health Research Institute in Mansoura, it was main-
tained at typical conditions of 22 to 25 °C and 45 to 55 % relative humidity. The 
chickens were cared for in a clean environment and they were provided with a 
diet consisting of yellow maize, choline chloride, soybeans, powdered limestone, 
table salt, mixed vitamins, calcium phosphate type 2, soy vegetable oil, and (60 %)  
corn gluten.

Chemicals
Thiamethoxam 25 % (Actara®) was purchased from local pesticides market at 
the Egyptian Ministry of Agriculture outlets and administered as an oral dosage of 
500 mg/kg BW.(15) Artichoke extract (C. scolymus) was purchased from ABChem 
Company for pharmaceutical raw materials (Egypt). Other reagents were all of the 
highest analytical quality.
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Experimental design
Chicks were split into four equally sized groups (n = 12 chicks in each group) 
following a one-month of acclimatization as follows: (G1) Control: Chicks were 
given regular saline orally from day one until the end of the experiment (60th day); 
(G2) TMX: TMX was administered to chicks from 30th day of age until 60th day of 
age; (G3) chicks received TMX (500 mg/kg) and 500 mg/L(16) of artichoke extract 
in drinking water from the 30th day of age until the 60th day of age; (G4) chickens 
received 500 mg/L of artichoke extract in the water from day one until the 30th 
day of age then were given TMX (500 mg/kg) until the 60th day. Each therapy was 
administered daily in water.

Sample collection
Chickens from each group were randomly selected at the end of the experiment. 
Blood samples were taken from the wing vein of each chosen chicken and placed 
in two test tubes. The first tube was filled with EDTA for a hematological test. The 
second sample was placed in a blank tube and centrifuged for 15 minutes at 
3 000 rpm to obtain a translucent serum sample. The serum was removed and 
kept at -20 °C to estimate liver and kidney function biomarkers. Following the 
euthanasia of all the chosen chickens, the liver was removed and split into three 
sections. The first section was homogenized and centrifuged to extract the super-
natant, which was then used to evaluate the oxidative stress biomarkers. For his-
topathological analysis, the second component was maintained at 10 % formalin, 
while the remaining fraction was kept at -80 °C to determine the expression pattern 
of certain genes.

Hematological and biochemical measurement
Various hematological parameters were estimated for the Coles method.(17) Using 
the method of Young et al., the concentrations of aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT) in serum were determined using a colorimetric 
method.(18) In compliance with Sapan et al.,(19) a spectrophotometer was used to 
perform a colorimetric assessment of the serum total protein level. According to 
Doumas et al.,(20) a spectrophotometer was used to determine the serum albumin 
level colorimetrically. The serum creatinine level was determined by colorimetric 
analysis.(21) Serum urea was measured using a colorimetric method.(18)

Evaluation of the oxidative/antioxidative capability  
of hepatic tissue
Malondialdehyde (MDA) content in hepatic tissues was found to be a marker of lip-
id peroxidation.(22) As a nonenzymatic antioxidant biomarker, reduced glutathione 
(GSH) levels were also assessed using the method of Beutler.(23) Two antioxidant 
enzymes, CAT and superoxide dismutase (SOD), were also evaluated using the 
methods of Aebi and Weydert et al.,(24, 25) respectively.
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Reverse transcription and RNA extraction
According to the manufacturer’s guidelines, using TRIzol reagent a 50 mg liver 
sample was used to extract the total RNA. (Direct-zol RNA MiniPrep, catalogue 
No. R2050). NanoDrop (UV-Vis spectrophotometer Q5000) was used to assess 
RNA quality and quantity, while gel electrophoresis was performed to evaluate sam-
ple integrity. Each sample’s cDNA was created using a cDNA synthesis kit from Sen-
siFAST following the manufacturer’s instructions (Bioline, catalog No. Bio-65 053). 
Total RNA up to 1 g, 5 Trans Amp buffer in 4 L, and 1 L of reverse transcriptase 
were included in the reaction mixture, along with DNase-free water to make up a 
total volume of 20 L. A heat cycler was used to deposit the finished reaction mix-
ture, and the following program was run: 10 min of primer annealing at (25 °C).

Quantitative real-time PCR
Proportional measurement of the antioxidant mRNA levels (CAT and GPX) and 
inflammatory (IL-6 and NFkB) markers was done using real-time PCR (2 Sensi-
FastTM SYBR, Bioline, catalog No. Bio-98 002). The primer sequences are displayed 
(Table 1). The housekeeping gene glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was used as a constitutive control for normalization. The reaction mix-
ture, prepared in a total volume of 20 µL, was composed of 0.8 µL of each primer, 
10 µL of 2 SensiFast SYBR, 3 µL of cDNA, and 5.4 µL of deionized distilled water. 
Following 45 cycles of 94 °C for 15 s, annealing temperatures as given in Table 1 for 
20 s, and 72 °C for 20 s, the PCR cycling conditions were as follows. 

Table 1. Primer’s sequence and melting temperature used in real-time quantitative PCR

Gene Oligonucleotide sequence GenBank accession 
number

Annealing 
temperature Reference

CAT f5,-GGGGAGCTGTTTACTGCAAG-3,
r5,-CTTCCATTGGCTATGGCATT-3,

AJ719360.1 62 (26)

GPX1 f5,-AACCAATTCGGGCACCAG-3,
r5,-CCGTTCACCTCGCACTTCTC-3,

HM590226 56 (27)

IL6 f 5,- CCCTCACGGTCTTCTCCATA-3,
r 5,- CTCCTCGCCAATCTGAAGTC-3,

NM_204628.1 58 (28)

NFkB f5,-TCAACGCAGGACCTAAAGACAT-3,
r5,-GCAGATAGCCAAGTTCAGGATG-3,

NM205134 58 (29)

A melting curve analysis was carried out following the amplification stage to 
verify the specificity of the PCR product. The 2-Ct technique utilized to determine 
the relative expression of each sample’s gene in relation to a control and the GAP-
DH gene.(30)

Histopathological examination
Liver samples were fixed in neutral-buffered formalin at a 10 % concentration for 
24 hours at room temperature. Following alcohol dehydration, xylene clearing, em-
bedding in paraffin wax, and sectioning to a thickness of 5 µm, the samples were 
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processed. Following hematoxylin and eosin staining (H&E), the paraffin sections 
were viewed under a light microscope. Images were acquired using a starting mag-
nification of 400. (Nikon Eclipse E200-LED, Tokyo, Japan).(31)

Statistical analysis
Data are presented as means with SEM. One-way analysis of variance was used 
to analyze the data. (ANOVA) and post hoc Duncan’s multiple comparison test.  
The statistical significance between various groups was shown by P values less  
than 0.05.

Results
Variations in hematological levels
Figure 1 revealed a significant reduction (P < 0.0001) in hemoglobin (Hb), white 
blood cell (WBC) count (P < 0.0001), lymphocyte (%) (P = 0.0390), and mono-
cyte (%) (P = 0.0047) in TMX group compared with the control group. Meanwhile, 
the administration of artichoke either before or after TMX treatment significantly 
elevated the Hb, WBC count, lymphocyte (%), and monocyte (%) relative to the 
group received TMX only. (Figure 1).

Variations in biochemical parameters
As shown in Figure 2, poultry given TMX alone had significantly higher (P < 0.0001) 
ALT and AST levels than those in the control group. On the other hand, the TMX 
group’s serum concentrations of total protein and albumin were significantly lower 
(P = 0.0011 and P < 0.0001 respectively) than those of the control group. In 
contrast to the chickens that received only TMX, the groups that received artichokes 
either before or after being exposed to thiamethoxam showed a significant de-
crease (P < 0.0001) in ALT and AST activity as well as an increase in total protein 
and albumin levels.

Compared to the chickens in the control group, creatinine serum levels and 
urea were significantly greater (P < 0.0001) in the TMX-intoxicated chicks. Con-
versely, chickens given artichokes either before or after TMX administration showed 
a significant decrease (P < 0.0001) in both urea and creatinine levels (Figure 3).

Antioxidant biomarkers and hepatic oxidative status
Compared to the control group, the administration of TMX only resulted in a sub-
stantial rise (P < 0.0001) in MDA content and a decrease in SOD (P = 0.0002), 
GSH (P = 0.0009), and CAT (P = 0.0056) activity content. Compared to chickens 
given TMX alone, those given artichokes either before or after showed a notable 
decrease in MDA content and a significant increase in GSH content, SOD, and CAT 
activities (Figure 4).
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Figure 1. The effect of artichoke extract (500 mg/L) on Hb, WBCs count, monocyte (%) and lymphocyte (%) in 
thiamethoxam-intoxicated chickens. (A) Hb, (B) WBCs count, (C) monocyte (%), (D) lymphocyte (%). Data are expressed 
as Mean ± SE (n = 5 chickens). Bars carrying different letters are significantly different from one another (P < 0.05). G1: 
Control (Cont), G2: TMX; Thiamethoxam, G3: TMX + ART; Thiamethoxam + Artichoke extract, G4: ART + TMX; Artichoke 
extract + Thiamethoxam.
Hemoglobin (Hb)
White blood cells count (WBC)

Figure 2. Effect of artichoke extract (500 mg/L) on serum (ALT, AST, total protein and albumin) in thiamethoxam intoxicated 
chickens. (A) Serum ALT, (B) Serum AST, (C) Serum total protein, (D) Serum albumin. Data are expressed as Mean ± SE 
(n = 5 chickens). Bars carrying different letters are significantly different from one another (P < 0.05). G1: Control 
(Cont), G2: TMX; Thiamethoxam, G3: TMX + ART; Thiamethoxam + Artichoke extract, G4: ART + TMX; Artichoke 
extract + Thiamethoxam.
Alanine aminotransferase (ALT)
Aspartate aminotransferase (AST)
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Figure 3. Effect of artichoke extract (500 mg/L) on creatinine serum level (A), and urea serum levels in thiamethoxam 
intoxicated chickens. (B) Data are expressed as Mean ± SE (n = 5 chickens). Bars carrying different letters are 
significantly different from one another (P < 0.05). G1: Control (Cont), G2: TMX; Thiamethoxam, G3: TMX + ART; 
Thiamethoxam + Artichoke extract, G4: ART + TMX; Artichoke extract + Thiamethoxam.
SOD: superoxide dismutase, GSH: glutathione reductase, MDA: malondialdehyde, CAT: catalase

Figure 4. Effect of artichoke extract (500 mg/L) on oxidative stress biomarkers (SOD, GSH, MDA, and CAT) in thiamethoxam 
intoxicated chickens. (A) SOD level, (B) GSH activity, (C) MDA activity, (D) CAT activity. Data are expressed as Mean ± SE 
(n = 5 chickens). Each bar carrying different letters is significantly different (P < 0.05). G1: Control (Cont), G2: TMX; 
Thiamethoxam, G3: TMX + ART; Thiamethoxam + Artichoke extract, G4: ART + TMX; Artichoke extract + Thiamethoxam.
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Gene expression in the liver
Figure 5 showed that the TMX group’s expression of the NFkB and IL-6 genes was 
significantly upregulated (P < 0.0001) compared to the control group. Conversely, 
the chickens treated with artichokes with TMX (either before or after TMX) showed 
a substantial downregulation (P < 0.0001) in the expression of these two genes. 
In comparison to the control group, the TMX group exhibited a notable downreg-
ulation (P < 0.0001) in the expression of the SOD and CAT genes. In contrast, 
TMX + ART and ART + TMX groups showed a considerable increase in the expres-
sion of the SOD and CAT genes compared to the TMX group.

Histopathology of the liver
Histopathological analyses of the liver were conducted in each treatment group 
compared to the control group to assess potential pathology alterations. The control 
group showed a normal histological appearance of hepatic parenchyma (Figure 6A), 
whereas the liver tissue in the TMX-treated group (Figure 6B) exhibited alterations in 
the normal hepatic cord architecture, which was replaced by an abundance of peri-
vascular fibrous connective tissue (fibrosis), as well as an increase in the number 
of small bile ducts lined by epithelial cells with a high nuclear to cytoplasmic ratio 
(ductular reaction), in addition to a lack of inflammatory cells and necrotic hepato-
cytes, biliary adenomatous hyperplasia, regenerative nodules walled by fibrous con-
nective tissue and infiltrated and surrounded by inflammatory cells, diffuse hepatic 
necrosis with shrunken, hypereosinophilic cytoplasm and pyknotic or karyorrhectic 
nucleus infiltrated with few leukocytic infiltrations. 

Furthermore, TMX + ART (Figure 6C) showed focal replacement of hepatic 
parenchyma with mild perivascular heterophilic aggregations admixed with few 
fibroblasts and macrophages and multifocal hepatic necrosis invaded with few in-
flammatory cells. However, ART + TMX group (Figure 6D) showed showing mild 
to moderate inflammatory cells infiltrated necrotic hepatocytes and mild fibrosis 
represented by plumb fibroblast focally replaced hepatic parenchyma.

Discussion
Thiamethoxam is a neonicotinoid insecticide commonly used in agriculture and 
known for its growing environmental impact. This study aimed to investigate wheth-
er variations in hematological parameters, oxidative stress, and hepatic and renal 
function induced by TMX could be alleviated by Cynara scolymus. The results re-
vealed a significant decrease in Hb content, WBC count, lymphocytes (%), and 
monocytes (%) in TMX-given chickens compared with the control group. Several 
studies have confirmed these results. For example, Gul et al.(15) found that treat-
ment with TMX for 15–30 days reduced the Hb concentration of adult cockerels. 
Similarly, recent studies have shown that the blood profile of TMX-treated fish was 
significantly altered compared with that of unexposed fish.(32) 
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Figure 5. Effect of artichoke extract (500 mg/L) on target gens (NFkB, IL-6, CAT, and GPX) in thiamethoxam-intoxicated 
chickens. (A) NFkB, (B) IL-6, (C) CAT, (D) GPX genes. Data are expressed as Mean ± SE (n = 5 chickens). Bars carrying 
different letters are significantly different from one another (P < 0.05). G1: Control (Cont), G2: TMX; Thiamethoxam, 
G3: TMX + ART; Thiamethoxam + Artichoke extract, G4: ART + TMX; Artichoke extract + Thiamethoxam.
NFkB: nuclear factor kappa B, IL-6: interleukin 6, CAT: catalase, GPX: glutathione peroxidase.

Figure 6. Representative photomicrograph of poultry liver from different treatments.
A) The control group shows the normal histological appearance of hepatic parenchyma, H&E, 400×.
B) Thiamethoxam exposed liver, showing loss of normal hepatic cord architecture and replacement by abundant 
perivascular fibrous connective tissue.
C) Thiamethoxam + Artichoke therapeutic liver, showing focal replacement of hepatic parenchyma with mild perivascular 
heterophilic aggregations admixed with few fibroblasts and macrophages.
D) Artichoke + Thiamethoxam protective liver, showing mild fibrosis represented by plumb fibroblast focally replaced 
hepatic parenchyma
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Meanwhile, the administration of artichoke before or after TMX exposure ele-
vated the Hb level, lymphocyte, and monocyte (%) relative to the TMX group. The 
improvement of these parameters may be attributed to reducing reactive oxygen 
species (ROS) thereby reducing red blood cell fragility and restoring the total Hb 
concentration in the blood.(33−35) On the other hand, it was reported that Cy-
nara scolymus is rich in phenolic compounds belonging to different classes such as 
benzoic and cinnamic derivatives, flavonoids, and tannins.(14, 36) Flavonoids have 
been shown to stimulate the secretion of erythropoietin, which in turn activates 
stem cells in the bone marrow to produce red blood cells.

Finally, Ben Salem et al., and El-Boshy et al.(37, 38) stated that the use of  
Cynara scolymus significantly increases hematological parameters in the treated 
group. Furthermore, the study highlighted a significant increase in ALT, AST; and 
reduction in total protein and albumin in chickens administered TMX only com-
pared with the control group. The findings are consistent with those reported by 
Elhamalawy et al.,(39) who noted that administering TMX at a dose of 1/10 LD50 to 
mice caused significant changes in biomarkers associated with liver (AST, ALT, ALP 
(alkaline phosphatase), and albumin). Similarly, Gul et al.(15) observed a significant 
increase in ALT and AST levels following the administration of thiamethoxam in the 
treated group.

Additionally, Hataba et al.(40) observed that when rats were administered 
TMX, AST, and ALT concentration in the blood considerably elevated. Conversely,  
compared to chickens that received TMX alone, the groups offered artichokes after 
or before TMX had a significant drop in ALT and AST levels and an improved total 
protein and albumin. These findings are consistent with those of Colak et al.,(41) 
who found that elevated levels of serum liver enzymes were significantly de-
creased by treatment with Cynara scolymus extract in carbon tetrachloride-induced  
hepatic injury. Also, Heidarian(42) suggested that artichoke extract decreased the 
elevated liver enzyme levels in rats intoxicated with lead and in those with diabe-
tes-induced hepatotoxicity. 

Furthermore, El-Boshy et al.(38) stated that therapy with artichoke decreased 
the elevated liver enzymes (ALT, AST, and ALP) induced by cadmium toxicity in 
rats. Additionally, Zaker-Esteghamati et al.(43) reported that Cynara scolymus lowers 
liver enzymes in broiler chickens (AST, ALT, ALP). However, the readings remained 
higher than the range for the control group.

In addition, the findings showed that the TMX-intoxicated birds had consider-
ably higher urea blood levels and creatinine than the hens in the control group. On 
the other hand, hens treated with ART before or after TMX showed a significant 
reduction in creatinine and urea levels. These results are according to those of 
Hataba et al.(40) who observed significantly higher urea and creatinine concentra-
tions. In addition, Gul et al.(44) discovered that broiler chicks treated with TMX had 
higher urea and creatinine blood levels. The artichoke extract groups demonstrat-
ed enhanced kidney function when administered before or after thiamethoxam 
compared to the pesticide-treated group, as evidenced by a significant decrease in 
serum urea and creatinine levels. This is consistent with findings by Hataba et al. 
and Benalia.(40, 45)

Oxidative stress, considered a critical mediator in causing damage to cell mem-
branes, lipids, proteins, and DNA, was triggered by an accumulation of ROS.(46) 
The oxidative stress caused by xenobiotics has been measured using lipid perox-
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idation. It has been suggested as one of the molecular mechanisms responsible 
for the toxicity of pesticides. Although it is impossible to completely avoid pesticide 
exposure, the use of certain exogenous antioxidants may help mitigate their toxicity. 
Sometimes the endogenous antioxidant system fails to repair the oxidative damage 
that has already occurred.(47) The obtained results revealed that the exposure to 
TMX led to significant elevation in the MDA content and reduction in the content of 
GSH, and the activities of SOD, and CAT compared with the control group. 

Chickens administered artichoke elicited a reduction in the levels and activities 
in the previously mentioned indices compared to the TMX group. The effect of TMX 
is consistent with findings by Jameel et al.(48) who said that MDA concentration was 
significantly increased in the group administered TMX than in the control group. 
Also, Ezeji and Onwurah(49) reported that TMX decreases GSH levels and enhances 
lipid peroxidation. The obtained findings are consistent with those of Mirderikvandi 
et al.,(16) who reported the effects of artichoke extract on the level of antioxidants in 
chicken thigh meat (Cynara scolymus ). Additionally, Küçükgergin et al. and Refaie 
et al.,(50, 51) detected induction of glutathione peroxidase (GPX) by artichoke leaf 
extract might contribute to its antioxidant effects in both the liver and heart of rats. 

Reactive oxygen species are removed with the aid of catalase. Therefore, a rise 
in its concentration may facilitate the scavenging of hazardous chemicals.(52) The 
recorded data are consistent with Duzguner and Erdogan,(53) who explained that 
one mechanism of neonicotinoid neurotoxicity in vertebrates involves altering the 
activity of antioxidant enzymes during oxidative stress. Our data are in agreement 
with Ismail, who stated that compared with the positive control group, the rats giv-
en cyclophosphamide to generate oxidative stress displayed significantly reduced 
levels of CAT, SOD, and glutathione peroxidase (GPX) in their liver tissues. Similar 
results on CAT and SOD to those mentioned earlier by Küçükgergin et al.(50)

NF-kB, also known as an inducible transcription factor called the nuclear fac-
tor of the -chain, regulates several genes involved in triggering and sustaining in-
flammatory and immune-modulated processes. Laurindo et al.(54) recorded that 
IL-6 and NFkB gene expression are prominently and considerably increased in the 
chicken liver tissue of the thiamethoxam-treated group. These findings could be col-
lectively explained as reported by El Euony et al. and El Okle et al.(55, 56) Neuronal 
inflammatory biomarkers’ gene expression was altered by thiamethoxam poisoning. 
Compared with the control group, there were statistically significant increases in the 
expression of the IL-6, and NF-kB genes in chickens treated with TMX. 

Furthermore, Yang et al.(57) suggested that these findings, rather than the P38-
MAPK pathway, the NF-kB pathway may be the primary cause of inflammation 
brought on by high concentrations of thiamethoxam exposure. The NF-kB signaling 
pathway was reported as being stimulated by thiamethoxam. Rats exposed to acet-
amiprid had similar results. According to this study, the expression of the CAT and 
GPX genes is significantly downregulated in chickens given thiamethoxam treat-
ment. Our result aligns with Coulon et al.(58) who stated that in the transcription of 
genes associated with detoxication after 5 days of exposure, a honey bee exposed 
concurrently to thiamethoxam had lower catalase levels than the control. 

Also, Nie et al.(59) found that neonicotinoids can damage mitochondria, and 
the damaged mitochondria subsequently release more ROS. Consequently, the 
expression of antioxidant genes decreases due to the increased oxidative stress 
caused by ROS (Such as GPX and SOD). Additionally, Farag et al.,(60) stated that 
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while CAT gene expression remained unchanged, the SOD and glutathione S-trans-
ferase (GST) genes’ hepatic expressions were reduced after exposure to thiacloprid 
compared with the control. The results demonstrated that artichoke extract supple-
mentation significantly upregulated the expression of the CAT and GPX genes in 
groups receiving thiamethoxam. Löhr et al.(61) found that GPX gene expression was 
somewhat stimulated by artichoke leaf extract.

The histopathological examination revealed that the hepatic tissues of TMX-in-
toxicated group revealed a change in the normal hepatic cord architecture, which 
was replaced by an abundance of perivascular fibrous connective tissue, as well 
as an increase in the number of small bile ducts lined by epithelial cells with a 
high nuclear to cytoplasmic ratio, in addition to a lack of inflammatory cells and 
necrotic hepatocytes, biliary adenomatous hyperplasia, regenerative nodules walled 
by fibrous connective tissue and infiltrated and surrounded by inflammatory cells, 
diffuse hepatic necrosis with shrunken, hypereosinophilic cytoplasm and pyknotic 
or karyorrhectic nucleus infiltrated with few leukocytic infiltrations. 

Normal histological appearance of the hepatic parenchyma was observed in 
both the artichoke and control groups. Similarly, these findings are consistent with 
an earlier study confirming the ameliorative effect of artichoke in rat liver, which 
exhibited only a mild degree of lymphocyte infiltration compared to the control.(43) 

While, Seoudi and Saleh(62) revealed that artichoke reduced the histopathological 
abnormalities caused by CCl4-induced hepatic toxicity in rats.

Conclusion
In summary, we hypothesized that TMX may have caused liver injury in chickens 
by generating oxidative and nitrogenous stress and by altering gene expression. 
However, the administration of artichoke extract protects chickens from TMX toxicity 
by igniting internal antioxidant defenses and restoring disrupted gene expression.
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