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ABSTRACT

The current research work was undertaken to evaluate the hepatoprotective and nephroprotective potential of 
Cichorium intybus following subchronic exposure of imidacloprid in white leghorn (WLH) chicks. Thirty, 6 to 8 
weeks old chicks of 300-350 g weight were randomly and equally divided into five groups. Group I served as control 
and was fed normal grower ration and other were fed medicated ration containing Cichorium intybus leaf powder 
@ 5000 ppm in Group II, imidacloprid @ 100 ppm in Group III, imidacloprid @ 100 ppm + silymarin @ 100 ppm 
in Group IV and imidacloprid @ 100 ppm + Cichorium intybus leaf powder @ 5000 ppm in Group V, respectively, 
for 8 weeks. Biochemical parameters at 4th and 8th week revealed a significant increase in alanine aminotransferase, 
aspartate aminotransferase, alkaline phosphatase, γ-glutamyl transferase, lactate dehydrogenase, total bilirubin, 
indirect bilirubin, creatinine, blood urea nitrogen (BUN) with an increase in absolute and relative organ weights of 
liver and kidney after 8 weeks and a significant decline in total protein, albumin and globulin in imidacloprid treated 
Group III as compared to control (Group I). However, the simultaneous administration of Cichorium intybus leaf 
powder (CILP) in Group V revealed amelioration in these parameters at par with Groups I and IV. Thus, amelioration 
of imidacloprid induced hepatotoxic and nephrotoxic effects following simultaneous CILP administration indicates 
hepatoprotective and nephroprotective  potential of Cichorium intybus in imidacloprid intoxicated cockerels. 
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Imidacloprid, a chloronicotyl compound, is an 
insecticide of neonicotinoid class. This insecticide has 
high insecticidal activity, low mammalian toxicity as well 
as selective insecticidal action (Jeschke et al. 2010). Its 
accidental, occupational, careless and prolonged exposure 
have been reported to elicit adverse effects including 
gastrointestinal and metabolic disturbances, oxidative 
stress, hepatotoxicity, nephrotoxicity, neurotoxicity, 
carcinogenicity, teratogenicity and untoward effect on 
reproductive system and embryonic development in 
animals and birds (Abd-Elhakim et al. 2018, Maletha et al. 
2021). In the recent years, imidacloprid has raised concern 
because of its ability to cause colony collapse disorder 
in bees, egg shell thinning and decline in egg production 
(Kapoor et al. 2011).  

Cichorium intybus, a perennial herbaceous plant of 
the Asteraceae family, is commonly known as chicory 
and kasni. This plant has various active phytoconstituents 
of medicinal importance (Pushparaj et al. 2007, Street et 
al. 2013, Maletha et al. 2020).  The traditional system of 
medicine reports chicory to be a medicinal herb due to its 

multifarious therapeutic properties like hepatoprotective, 
gastroprotective, anti-inflammatory, antioxidant, 
anticancer, immunological, sedative, analgesic, 
antimicrobial, anthelmintic, wound healing, antidiabetic 
and hypolipidemic activity (Al-Snafi 2016, Mousa et al. 
2017).  Cichorium intybus has been reported to have growth 
promoting activity (Sarwar 2013, Saeed et al. 2015). 

This plant᾽s products are premixed with feed by the feed 
industry which may improve the quality of chicken and 
minimise the load of chemical growth promoter in poultry 
meat. There is a scarcity of literature on the protective 
effect of Cichorium intybus against pesticide induced 
toxic effect. In view of this, the study was undertaken to 
evaluate the ameliorating potency of Cichorium intybus 
against imidacloprid intoxication in white leghorn (WLH) 
cockerels.

MATERIALS AND METHODS

Plant materials, chemicals and reagents: The seeds 
of Cichorium intybus were procured from Medicinal 
Research Development Centre of the University and sown 
in mid of October and the leaves were collected in January. 
The leaves were washed, cleaned, shade dried under fan 
followed by further drying in fan equipped incubator and 
then grinded in electric grinder to make fine homogenous 
powder. The plant was identified as Cichorium intybus L. 
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(Asteraceae) with Accession No GBPUH 1017/01-07-2020 
by Department of Biological Sciences, College of Basic 
Sciences and Humanities, GBPUAT, Pantnagar. 

Imidacloprid (17.8% SL of Maharaja) and silymarin 
(Silybon®-140) were purchased from the local market. 
Biochemical parameters were estimated using diagnostic 
kits of AUTOSPAN®, Arkray Healthcare Pvt. Ltd. (Gujarat) 
and Tulip Diagnostics (P) Ltd (Goa). 

Experimental design: Thirty WLH cockerels of 6 to 
8 weeks age, 300 to 350 g weight were procured from 
Instructional Poultry Farm, Nagla, GBPUAT, Pantnagar. 
The study was conducted after approval by the IAEC 
(Institutional Animal Ethics Committee) with approval 
number IAEC/CVASc/VPT/412.

The chicks were maintained under standard managemental 
condition in deep litter system and given grower ration 
prepared as per the Bureau of Indian Standards (BIS)-2007 
specification and drinking water ad lib. during the study. 
After acclimatization for 15 days, chicks were randomly 
and equally divided into five groups, each group having six 
birds, respectively. Group I served as control and was given 
grower ration whereas other groups were given medicated 
ration containing Cichorium intybus leaf powder (CILP) 
@ 5000 ppm in Group II, imidacloprid (IM) @ 100 ppm 
in Group III, imidacloprid (IM) @ 100 ppm + silymarin 
(SM) @ 100 ppm in Group IV and imidacloprid (IM) 
@ 100 ppm + Cichorium intybus leaf powder (CILP) @ 
5000 ppm in Group V, respectively for 8 weeks. The dose 
of imidacloprid and Cichorium intybus leaf powder was 
selected on the basis of available literature. After 8 weeks, 
all birds were sacrificed humanely after etherisation, and 
liver and kidney were collected for measuring the absolute 
and relative organ weights. 

Biochemical analysis: At the end of 4th and 8th week,  
2 ml of blood sample was collected from each bird 
to separate serum for the estimation of biochemical 
parameters. Alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), 
γ-glutamyl transferase (GGT), lactate dehydrogenase 
(LDH), creatinine, blood urea nitrogen (BUN), total 
bilirubin, direct bilirubin, indirect bilirubin, total protein, 
albumin, and globulin were estimated within 72 h of 
blood collection using diagnostic kits (AUTOSPAN® 

and Tulip) and the results were recorded on UV-VIS 
spectrophotometer. 

Statistical analysis: The data obtained was analysed 
using SPSS version 17.0 for significant statistical 
differences among groups at 4 and 8 weeks interval by 
employing two way ANOVA at 5% level of significance 
(Snedecor and Cochran 1967). 

RESULTS AND DISCUSSION

A significant (p<0.05) increase in alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), γ-glutamyl transferase 
(GGT) and lactate dehydrogenase (LDH) levels was seen 
in imidacloprid group III cockerels as compared to other Ta
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groups (Group I, II, IV and V) at 4 and 8 weeks interval 
(Table 1). The concurrent administration of Cichorium 
intybus leaf powder (CILP) in Group V resulted in 
significant (p<0.05) reduction in all serum enzymes and the 
results were comparable to that of Group IV and control. 

A significant (p<0.05) increase in ALT, AST, ALP 
and GGT activities in Group III exposed to imidacloprid 
suggests its hepatotoxic effect in cockerels. ALT, primarily 
found in liver, plays an important role in amino acid 
metabolism, gluconeogenesis and serves as an important 
biomarker of liver damage (Thapa and Walia 2007). Its 
elevation in blood results from degeneration of hepatocytes 
resulting in release of enzymes into blood circulation. AST 
is an important enzyme which is involved in amino acid 
metabolism. AST elevation in blood reflects hepatocellular 
damage, however, being present in other organs, it is 
a non-specific hepatic biomarker (Dufour et al. 2001). 
An increase in AST activity in imidacloprid intoxicated 
cockerels might have occurred due to degenerative changes 
in liver resulting in increased cellular permeability leading 
to spillage of AST into the blood stream. Findings of our 
study are in agreement with the previous studies which 
reported an increase in serum  AST and ALT activities 
following imidacloprid exposure in pigeons (Abu Zeid et 
al. 2019), Japanese quails (Emam et al. 2018) and white 
leghorn cockerels (Gupta et al. 2014). 

The elevated ALP activity in blood results due to 
the cholestasic liver disease causing obstruction of the 
bile ducts resulting in inhibition of ALP secretion and 
subsequently its release into the blood stream (Burtis 
and Ashwood 1999). The increased ALP activity as seen 
in imidacloprid treated Group III in the present study 
might have been due to its hepatotoxic effect, causing 
hepatic malfunctioning as a result of damage to the 
hepatocytes, and interfering the transport mechanism 
leading to enhanced release of ALP into the blood. GGT 
is a membrane bound glycoprotein used diagnostically 
for hepatic diseases, however, is not considered a specific 
biomarker like ALT because apart from the liver, it is also 
found in kidney, heart, brain, spleen, seminal vesicles, 
pancreas, bile duct and gall bladder (Goldberg 1980). Its 
level increases in cases of cholestatic liver diseases. The 
increase in GGT level due to imidacloprid in present study 
might have been due to the inhibition of bile secretion after 
hepatic damage which might have augmented the GGT 
activity. An increase in ALP and GGT activity following 
exposure to imidacloprid suggest its hepatotoxic effect and 
the results are in agreement with the previous findings (El-
Halwagy et al. 2018, Badawy et al. 2018). The reduction 
in the levels of ALT, AST, ALP and GGT by Cichorium 
intybus leaf powder (CILP) suggests its ameliorative effect, 
reflecting its hepatoprotective potency which might be due 
to the presence of antioxidants like flavonoids and phenols 
(Mathur et al. 2014, Maletha et al. 2020). These findings are 
in corroboration with the previous findings of Helal et al. 
(2011) and Li et al. (2014) in rats, where reduction in levels 
of ALT, AST, ALP and GGT was seen following Cichorium 

intybus administration. The hepatoprotective efficacy of 
Cichorium intybus has also been reported against carbon 
tetrachloride and thioacetamide induced hepatotoxicity in 
rats (Elgengaihi et al. 2016, Keshk et al. 2019). 

Lactate dehydrogenase (LDH) is an important 
cytosolic enzyme involved in carbohydrate metabolism. 
It is ubiquitous in nature, present in almost all tissues 
and serves as an important biomarker of tissue damage  
(Graham et al. 2013). The elevation in the LDH levels 
in imidacloprid treated chicks indicates the cellular 
damage which might have occurred due to the generation 
of free radicals under oxidative stress. The previous 
studies conducted by Khalil et al. (2017) in rats and  
Abu Zeid et al. (2019) in pigeon also reported an increase 
in LDH activity following exposure to imidacloprid. 
Similarly, reduction in LDH levels following Cichorium 
intybus administration in rats has also been reported by 
Helal et al. (2011) and Sharma et al. (2019) suggesting 
protective effect of Cichorium intybus. 

A significant (p<0.05) increase in levels of total and 
indirect bilirubin and reduction in serum total proteins, 
albumin and globulin was observed in imidacloprid 
treated Group III as compared to control at both 4 and 
8 week intervals (Table 2). The treatment with CILP in 
Group V reversed these parameters and the results were 
at par with that of Group IV and control. Bilirubin is an 
endogenous anion derived from the regular degradation of 
haemoglobin. Elevation in bilirubin results either due to 
biliary obstruction, hemolysis and renal failure. The rise 
in bilirubin occurs due to the obstruction either within the 
liver or outside the liver. The elevated total and indirect 
bilirubin levels indicate hepatocellular dysfunction (Dufour 
et al. 2001). The increased total and indirect bilirubin levels 
in imidacloprid treated group might be due to the adverse 
effects of imidacloprid on liver causing hepatic damage as 
is evident from elevated ALT, AST, ALP and GGT levels. 
Liver plays a vital role in the synthesis and secretion of the 
wide variety of proteins. Proteins are structurally altered 
by free radicals resulting in functional inactivation (Aly 
et al. 2009). The significant decrease in serum proteins, 
albumin and globulin level due to imidacloprid in Group 
III might be attributed to hepatotoxicity by imidacloprid 
as is also evident from elevated ALT, AST ALP and GGT 
reported in this study or because of the damage in the 
filtration system of kidney resulting in leakage and passage 
of proteins to urine. The findings of this investigation are 
in accordance with the reports of Gupta et al. (2014) and  
El-Halwagy et al. (2018) in white leghorn (WLH) 
cockerels and rats, respectively. Ameliorative effect shown 
by CILP may be attributed to the potent antioxidant action 
of C. intybus which might have reversed the imidacloprid 
induced hepatic damage. This fact is also supported by 
the study conducted by Saeed et al. (2015) who reported 
hepatoprotective and growth promoting activity of 
Cichorium intybus.

Imidacloprid significantly (p<0.05) increased the  levels 
of  BUN and creatinine in Group III as compared to other 
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groups at 4 and 8 week intervals, whereas the administration 
of CILP in Group V reduced these values and the results 
were at par with that of Group IV and control (Table 3). 
Moreover, the administration of CILP alone in Group II 
significantly (p<0.05) reduced the BUN levels as compared 
to control. Urea, the major nitrogenous end product of 
protein and amino acid metabolism constitutes the largest 
fraction of NPN component of blood, produced primarily 
by the liver and excreted through kidney. An elevation in 
BUN indicates impaired renal function. Both BUN and 
creatinine are considered as biomarker to assess kidney 
damage (Edelstein 2008). Creatinine is a breakdown 
product formed in muscles from creatine phosphate and 
is produced regularly at fairly constant rate by the animal 
body depending on muscle mass and removed from 
plasma by glomerular filtration (Zuo et al. 2008). The 
significant (p<0.05) increase in BUN and creatinine levels 
in Group III might be due to the damage to the kidney and 
impairment in GFR due to imidacloprid as also reported 
by Arfat et al. (2014) and Gupta et al. (2014) in mice 
and white leghorn cockerels, respectively. A significant 
(p<0.05) reduction in elevated BUN and creatinine levels 
in Group V following simultaneous administration of CILP 
suggests its nephroprotective action which might be due 
to the presence of antioxidants (Maletha et al. 2020). The 

study conducted by Zaman et al. (2017) also reported 
nephroprotective activity of Cichorium intybus in rats. 

An increase in absolute and relative organ weight of 
liver and kidney was observed in imidacloprid Group III as 
compared to control group which was further ameliorated 
following CILP administration in Group V as is evident 
from the decrease in absolute and relative organ weight 
(Table 4). The increase in absolute and relative organ 
weight in Group III can be correlated to the increase in 
serum enzymatic level of hepatic and renal biomarkers 
in Group III which was further ameliorated following 
Cichorium intybus leaf powder administration in Group V, 
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Table 3. Effect of feeding Cichorium intybus leaf powder 
(CILP) on BUN and creatinine (mg/dl) following simultaneous 
administration of imidacloprid @ 100 ppm in feed for 8 weeks 

in WLH cockerels 

Group BUN Creatinine
4th week 8th week 4th week 8th week

I 4.80±0.40b 5.26±0.31b 0.55±0.02ab 0.60±0.10b

II 3.82±0.20c 3.95±0.26c 0.35±0.03b 0.46±0.10b

III 7.56±0.28aB 9.82±0.32aA 0.73±0.13aB 1.03±0.19aA

IV 5.64±0.24b 5.75±0.31b 0.59±0.05ab 0.66±0.12b

V 5.33±0.29b 5.42±0.32b 0.62±0.06ab 0.68±0.10b

Values in the table are Mean±SE (n=6). Group I, Control; 
Group II, CILP @ 5000 ppm; Group III, IM @ 100 ppm; Group 
IV, IM @ 100 ppm + SM @ 100 ppm; Group V, IM @ 100 ppm 
+ CILP @ 5000 ppm; CILP, Cichorium intybus leaf powder; SM, 
Silymarin; IM, Imidacloprid. Values having different superscripts 
(a, b and c) within a column differ significantly (p<0.05). Values 
having different superscripts (A and B) within a row differ 
significantly. 
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as is also evident from reduction in serum hepatic and renal 
enzymes in Group V in the present study, suggesting it’s 
hepatoprotective and nephroprotective activity.    

Thus, amelioration of imidacloprid (@100 ppm) induced 
hepatotoxic and nephrotoxic effects following concurrent 
administration of Cichorium intybus leaf powder (CILP) @ 
5000 ppm for 8 weeks in white leghorn cockerels suggests 
the hepatoprotective and nephroprotective activity of 
Cichorium intybus. The ameliorating properties of this plant 
leaves is due to the presence of medicinal phytoconstiuents 
which also act as growth promoters. Further detailed 
studies on the exact mechanism of action responsible for 
hepatoprotective and nephroprotective action of Cichorium 
intybus at the molecular level are required.  
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