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Abstract 

The effect of dietary lead exposure on immunomodulation of broilers and possible ameliorative effect 
of Andrographis paniculata were studied. One hundred broiler chicks were randomly divided into 
five equal groups of 20 each. Group TO served as control while group T1, T2, T3 and T4 birds were 
provided commercial diet with lead acetate at the dose of 300 ppm in feed. Powder of dry leaves 
of Andrographis paniculata was mixed in the feed of group T2, T3 and T 4 chicks at the dose of 
2 gm, 3 gm and 4 gm/kg of feed respectively and fed for 4 weeks. Significant decrease in HI titres 
in T1 group and significant increase in T4 group suggested increased haemagglutination titre (HI) 
response. The maximum skin thickness and diameter on 24th and 48th hours was observed in control 
group birds (TO) and was comparable with T4 group. Microscopically spleen, thymus and bursa 
of fabricius revealed increase in lymphoid population in birds fed lead acetate along with 
Andrographis paniculata compared to T1 group. We concluded that Andrographis paniculata has 
immunomodulatory effect during lead toxicity in broilers. 
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Introduction 

Most of the environmental pollutants/ metals are not only hazardous to surrounding living organisms 
but can also enter into the human food chain, which need serious attention. Among 275 hazardous 
substances (ATSDR, 2003) lead is the second most hazardous substance present in environment 
as an important pollutant which exerts the adverse effect in animal kingdom with clinical signs of 
nervous system, gastrointestinal and hematopoietic system which may ultimately causes immune 
dysfunction and oxidative damage (Radostits, et al., 2003). The immunotoxic effect of lead have 
been extensively studied in animals, however, the information on its immunopathlogical effect in 
birds is scanty. According to Mateo et al. (2003) lead has a potential to induce oxidative stress 
through oxidative tissue damage (Gurer and Ercal, 2000; Ercal et al., 2001) which may be prevented 
by an enzymatic defense system (antioxidant enzymes) and free radical scavengers (lbitoye et al., 
2011 ). 

Medicinal plants are part and parcel of human society to combat diseases, from the dawn of 
civilization. Andrographis paniculata is an herbaceous plant of family Acanthacae, genus Andrographis 
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native to India and Srilanka and is widely cultivated in southern Asia. Mostly leaves and roots were 
used for medicinal purposes such as traditional siddha and ayurvedic system of medicine in India 
(Sharma and Joshi, 2011 ). The plant Andrographis paniculata exhibits antifungal (Nidiry et al., 2015), 
antioxidants (Aliyu et al., 2009), anti-inflammatory (Radhika et al., 2009), anti-snake venom 
(Meenatchisundaram et al., 2009) analgesic and antipyretic (Dhiman et al., 2012) properties. 
Literature reviewed however did not reveal much more information related to experimental studies 
on use of Andrographis paniculata during lead toxicity and was found to be scanty. Hence 
considering the fact this study was conducted to evaluate the effect of dry leaves powder of 
Andrographis paniculata, an antioxidant in ameliorating the inhibitory effect of dietary lead acetate 
on immunity of broiler birds. 

Materials and Methods 

For the present investigations, one hundred day old broiler chicks were procured from Khadkeshwar 
Hatcheries Ltd, Aurangabad and were maintained under identical condition for one week to 
acclimatize prior to start of experiment. After completion of first week, birds were divided into five 
equal groups of 20 each. Group I birds (TO) served as control, group II, 111, IV and V (T1, T2, T3 
and T4) were administered lead acetate at the dose of 300 ppm in feed. In addition to lead acetate 
group T2, T3 and T4 were given powder of dry leaves of Andrographis paniculata at the dose of 
2 gm/kg, 3 gm/kg and 4 gm/kg of feed, respectively for an experimental period of 4 weeks to evaluate 
its protective effect against lead toxicity. All the birds were maintained under identical managemental 
conditions for a period of four week. 

Both humoral and cell mediated immune responses were evaluated in each group. Serum samples 
from six birds of each group were collected on 14th day after post vaccination of birds by Lasota 
strain of New Castle Disease virus. Humoral immune responses were evaluated on the basis of 
HI titres against New Castle Disease viral antigen (LaSota strain) by beta procedure (i.e. constant 
virus, diluted serum) described by OIE (2002) utilizing 4 unit of haemagglutination (HA) of Lasota 
strain. Cell mediated immune responses were evaluated in six birds of each group by skin 
hypersensitivity test as per Jayaramu et al. (1981) using 1 % solution of 2, 4-Dinitrochlorobenzene 
(DNCB) in acetone vehicle. The thickness and diameter of skin lesions were measured at 0, 24 
and 48 hours after challenging with DNCB solution using vernier calipper at the site of challenge 
indicating zone of reaction. Tissues of spleen, thymus and bursa of fabricius were collected in 10% 
formal saline solution and processed for histopathological examination by routine method. The data 
was analyzed by equal CRD and equal two way factorial CRD as described by Snedecor and 
Cochran (1989). 

Results and Discussion 

Humoral immune response (HIR) in control and treatment group birds was evaluated on 14th day 
after post vaccination by Lasota strain of New Castle Disease virus. Significant (P<0.05) decrease 
in average log values of HI titres (Table 1) was observed in T1 group given lead acetate alone 
whereas significant increase in HI titres was recorded in T4 group suggesting immunomodulatory 
effect of Andrographis paniculata in broilers @ 4 gm/kg of feed. The HI titres of group T2 and T3 
were comparable with control group birds. Lowest HI titers in T1 group could be possibly due to 
decrease in number of lgM producing cells of spleen and also decrease in secondary immune 
response during lead toxicity. Rahman and Joshi (2010) also reported low HI titre in experimental 
lead toxicity in broilers @ 250 and 400 ppm and recorded dose dependant toxic effect of lead acetate 
on immune system causing suppression of humoral immune response. Present findings of T1 group 
are in accordance with Wagh (2006) and Brahmankar et al. (2011) suggesting immunosuppression 
during lead toxicity. The present findings of increase in HI titre in group T4 are in collaboration with 
Mathivanan and Kalairasi (2007). The increase in HI titre in group T4 might be due to enzymatic 
defense system (antioxidant enzymes) and free radical scavengers (antioxidants) of Andrographis 
paniculata (lbitoye et al., 2011 ). 
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 Treatment groups  

HI titres 

T0 T1 T2 T3 T4  

Thickness of Skin (mm) Diameter of spreading lesions (cm) 

Group 0 24 48 0 24 48 

T0

T1

T2

T3

T4

Table 1: Average Haemagglutination Inhibition titre in different groups (Mean + SE) at the 
end of experiment. 

CD for 

6.33b ± 5.17c ± 5.83b ± 5.83b ± 7.50a ± treatment= 

0.21 0.27 0.17 0.12 0.22 
0.543 
(significant at 
5% level) 

Table 2: Biometry of skin thickness and diameter of spreading lesions (Mean + SE) during 
Cell Mediate Immune Response. 

1.06 ± 0.04 3.08a± 0.06 2.02a± 0.06 1.21 ± 0.01 2.94a± 0.09 l.92a± 0.08 

1.11 ± 0.05 2.19c ± 0.19 1.61 b ± 0.11 1.18 ± 0.02 2.03c± 0.09 1.49d ± 0.04 

1.09 ± 0.04 2.53bc ± 0.17 l.77ab ± 0.11 1.19 ± 0.02 2.55b ± 0.08 1.71 be± 0.08 

1.07 ± 0.19 2.25c ± 0.14 1.67b ± 0.10 1.19 ± 0.02 2.24c ± 0.11 l .57cd ± 0.05 

1.09 ± 0.05 2.76ab ± 0.17 l.83ab ± 0.08 1.20 ± 0.01 2.72ab± l .82ab ± 0.08 

0.10 

CD NS CD for CD for NS CD for CD for 
treatment treatment treatment treatment 
= 0.452 = 0.275 = 0.273 = 0.194 

(significant (significant (significant (significant 
at 5% level) at 5% level) at 5% level) at 5% level) 

Mean values with common alphabet as superscript do not differ significantly 

Cell mediated immune (CMI) responses were evaluated by thickness and diameter of skin lesions 
at the site of challenge indicating zone of reaction at 0, 24 and 48 hours after challenging with 
DNCB. Maximum skin thickness (mm) and diameter area (cm) was observed at 24 hours post 
challenge in all treatment group birds. The lowest skin thickness and diameter was observed in 
T1 group birds administered lead acetate alone at the dose of 300 ppm indicating suppression of 
cell mediated immune response during lead toxicity (Table 2). Lead induced apoptosis of 
lymphocytes or altered T cell activity in birds might be the reason for decreased CMI response in 
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lead toxicity (Shukla et al., 2004). Differences in 
skin thickness and diameter between control 
and treatment T1 , T2 and T3 group birds at 24 
and 48 hours were found to be statistically 
significant. The maximum skin thickness and 
diameter was observed in control group but was 
comparable with T 4 group showed improvement 
in cell mediated response in birds given 
Andrographis paniculata @ 4 gm/kg of feed. 
Bukoye and Musbau (2011) also recorded 
immune modulation potential of the aqueous 
extract of Andrographis paniculata @ 250, 500 
and 1000 mg/kg BW in male rats confirm the 
present findings. 

Histologically, the sections of spleen, thymus 
and bursa from control group birds showed 
uniform cellularity with normal lymphoid 
population (Fig: 1) however, T1 group birds 
showed depletion in lymphoid populations (Fig: 
2) as compared to control group birds. Present 
findings are in collaboration with Rahman and 
Joshi (2010) in broilers confirming lead toxicity 
in T1 group. Restoration in lymphoid nodules 
with adequate lymphoid population was observed 
in sections from T4 group birds (Fig:3) followed 
by T3 and T2 suggested immunomodulatory 
effect of Andrographis paniculata in broilers 
which might be due to protective mechanism 
such as an enzymatic defense system 
(antioxidant enzymes) and antioxidants property 
of Andrographis paniculata (lbitoye et al., 2011 ). 
Comparatively decreased size of follicles and 
depletion in lymphoid populations in T1 group 
might be possibly due to lead induced apoptosis 
of lymphocyte or altered T cell activity in birds 
as reported by Shukla et al., (2004). 
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Fig : 1 Bursa of fabricius showing normal lymphoid 
population in Control group bird (H&E- x100) 

Fig : 2 Bursa of fabricius showing depletion of 
lymphoid population of T1 group bird (H&E- x100) 

Fig: 3 Bursa of fabricius showing comparatively normal 
lymphoid population in T 4 group bird (H&E- x200) 
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