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ABSTRACT 
Lead is ubiquitous and causes number of disorders in body. Present investigations give evidence 
how lead interfere and modulate the defense mechanism. Subclinical doses of lead suppressed 
the immune response in mice infected with the human parasite – Hymenolepis nana. Lead 
exposed experimental animals and infected with H.nana showed persistence of 
immunosuppression for longer periods as indicated by worm retention in host beyond 100 days. 
Suppression of immune response in these mice is observed by serum electrophoretic analysis 
which showed low values of alpha, beta and gamma fractions reflecting reduction in protective 
antibodies like IgG, IgM and IgA. Also , infected mice showed enhancement of serum globulin 
fractions along with gradual cessation of suppressed immune response from day beyond 4 up to 
100 , when experimental values are almost approaching normal. Our experiments give evidence 
that lead also suppressed MIF released by splenic leucocytes thus indicating its severe affects on 
T-cell dependent cellular immune reactions. The results indicate that immune dysfunction is a 
sensitive indicator of lead exposure. 
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INTRODUCTION 

Lead, the toxic heavy metal is ubiquitous and  
has been in use for centuries. It produces 
significant environmental impacts, accumulate in 
the body and modulate the immune system.1 
Young children have greater access to lead which 
result in acute toxicity. In  our studies, we tried to 
explore the synergistic effects of lead exposure 
and Hymenolepis nana (the dwarf tapeworm of 
men and rodents) infection on the immune 
system of mice . H.nana commonly occurs in the 
children of age group 4 to 9 years and  highly 
immunogenic during its larval stage 
(cysticercoid) of development.2 It is known that 
mice acquire a strong protective immunity to 
reinfection which is proved to be T-cell 
dependent.3 T-helper cells mediate these 
protective immune responses through production 
of cytokines.4  Present study provide strong 
evidence that lead modulate the response of 
sensitized spleen cells when  transferred to 
recipient mice (pre-exposed and post-exposed to 
lead acetate) and  resulted  in overall suppression  

of immunity to infection. The electrophoretic 
profile of lead exposed serum of mice and 
infected with parasite  showed low values of 
those  fractions which are actively involved in 
humoral immune response.5 Also suppression of  
lymphokines produced by spleen lymphocytes 
provide  strong evidence that effectors of cellular 
immune mechanism involved are affected by 
lead contamination.6 Thus , conferring  very long 
stay of the parasite ( H. nana worms) in the 
lumen of intestine of  immunosuppressed mice. 

MATERIAL AND METHODS 
Female Swiss albino mice (Mus musculus 
albinus) 4 -6 weeks of age, weighing 25 gm 
divided into four  experimental groups:  
A,B,C,C1 and D. Group B was  given 500 ppm 
lead acetate orally for 15 days and subsequently 
challenged with single dose of 500 viable eggs of 
H. nana. Immunity in mice of group B was  
assessed by counting larval stage (cysticercoids) 
on day 4 after infection  and adult stage of 
parasite on day 20, 40 , 60, 80 and 100.Group A 
acted as control  and  did  not  receive  any lead  

©JERAD  All rights reserved



J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol. 8 No. 3A, January-March 2014 

652 
 

acetate. In order  to observe the effect of lead on 
cellular factors involved in immune response, 
spleen cells  (4 x 10 7 )  were collected from 
experimental group B and centrifuged at 1000 
rpm in chilled 0.85 % ammonium chloride and 
incubated for 24 hrs in medium containing 
antibiotics and decomplemented serum in glass 
capillaries. The cell fluid interface were cut and 
portion containing packed cells was placed into 
migration chamber with lyophilized antigen of  
cysticercoids. The results of cell migration area 
was compared with those of control in which 
spleen cells were incubated without antigen. 
Percentage of Migration Inhibition (MI)   was 
calculated by following formula.  

Percent 
of MI =  1 - 

 Area of migration 
with Ag 

x 100 Area of migration 
without Ag 

In order to study humoral immune response, 
serum samples of groups A and B were collected 
on cysticercoid ( on day 40 )  and on adult stage  
( on day 21) . Serum samples were analyzed on 
cellulose acetate strips (oxoid)  using horizontal 
electrophoretic apparatus in  barbitone buffer of 
pH 8.6. Sensitized spleen cells at cysticercoid 
stage were transferred from group B to group C 
subsequently after 15 days oral lead exposure. 
Mice of this group received 500 H. nana eggs 
orally seven days after cell transfer and 
necropsied for cysticercoid and adult count on 4th 
and 20th day respectively after infection . Serum 
samples were also collected on same days. Mice 
of groups C1and D acted as control for group C 
as they did not receive  any pre cell transfer oral 
lead exposure.  
Student’s t-test was employed to find out if there 
was any statistical significant difference in worm 
recoveries and in serum protein changes in mice 
which  received spleen cell transfer (groups D 
and C)  and groups A and B (donor group for 
spleen cells) (Table 1). 

RESULTS AND DISCUSSION 
Lead exposure resulted in strong 
immunosuppressive response in mice as 
indicated by higher worm recoveries and lower 
values of different globulins which are in 
consistence with our previous studies. There is 
two fold increase in worm burdens in all the 

groups of mice exposed to lead acetate. H. nana 
is  the  intestinal  parasite  and  intestinal  mucosa  
form the locus for the onset of immunological 
reactions between developing cysticercoids and 
host tissue. Liver is the seat of albumin  
synthesis7 but its higher values in serum 
electrophoretic analysis indicate improper 
functioning of liver and probably utilization of 
albumin  fraction for the growth and persistence 
of  parasites.  Lower values of alpha and beta 
fractions indicate lower  mucosal secretions of 
IgA8 causing less expulsion/destruction of 
parasites in mice. Thus in the present studies lead  
acetate is altering local environmental conditions 
in lumen leading to higher number of worms. 
Normally worm burden get expelled around 40 
days post infection, but in the present 
investigations it persisted up to 100 days. This 
shows long lasting immunosuppressive effects of 
lead. All the experimental groups showed total 
worm expulsion beyond 100 days indicating 
delay in the restoration  of immune response 
.Present results also support that after gradual 
excretion/elimination, the residual lead which 
might deposited in bone marrow9 exerted its 
effect upto three months thereby suppressing the 
immune system of host and   preventing worms  
to expel out. 
Lead significantly suppressed the humoral 
immune reactions as indicated by low values of 
beta and gamma globulins in serum which 
contains protective antibodies like IgG, IgM and 
IgE.5 Values of beta and gamma fractions in all 
the lead exposed animals also showed their 
recovery phase after a lapse of time of about  two 
months  after lead treatment. All these factors 
give evidence for the  recovery of suppressed 
immune system. Our results  in Table 2 and Fig. 
1 show that sensitized spleen cells (lymphocytes)  
from mice previously exposed to lead acetate  
transferred  immunity in mice (group C1) as 
compared to those animals which did not receive 
any  cell transfer (group A, intact group). Also, 
mice pre exposed to lead and when received the 
same category of spleen lymphocytes showed 
more immune suppression (group C and group 
D) than mice of group C1 (Fig. 2). Since, it is 
known that protective activity of T cells is known 
to be associated and mediated through the release 
of cytokines IL-2, IL-3, IFn-Y that generate and 
differentiate acute inflammatory reactions.10,11 
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Table 1 : Showing experimental schedule 

Days Group A (Control) Group B Group C1 Group C Group D 

1 – 15 ----- Oral lead exposure ------- Oral lead exposurefor 
15 days ------ 

16 500 H.nana egg 
infection 500 H.nana egg infection Sensitized spleen cells 

received from group B 
Sensitized spleen cells 
received from group B 

Sensitized spleen cells 
received from group B 

20 
Cysticercoids, serum 
and spleen cell 
collection for MIF 

Cysticercoids, serum and spleen 
cell collection for MIF and cell 
transfer in groups C and D 

  
--- 

 
--- 

23 
 

---- 
 

 
---- 

Challenged with 500  
H.nana eggs  after 7  
days 

Challenged with 500  
H.nana eggs  after 7  
days. 

Oral lead exposure for 
15 days 

27  
---- 

 
------ 

Necropseid on 27th day 
for cycsticercoid count 
and serum collection 

Necropseid on 27th day 
for cycsticercoid count 
and serum collection 

 
--- 

37 ---- ----  --- Challenged with 500  
H.nana eggs 

40 Adult worm count 
and serum collection 

Adult worm count and serum 
collection  ----- 

Necropseid on  day 41 
for cycsticercoid 
count and serum 
collection 

47 ------ ----- 
Necropseid on 47th day 
for adult count and serum 
collection 

Necropseid on 47th day 
for adult count and 
serum collection. 

 

60 ------ Adult worm count  ------ 
Necropseid on  day 61 
for adult worm count 
and serum collection. 

80 ---- Adult worm count  ------ - ----- 
100 ---- Adult worm count  ---- ------ 
120 ------- Adult worm count  ------- ------ 
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Table 2 : Showing worm recovery, migration inhibition percentage and serum   
protein changes 

Days after infection---Group 

% of 
worm 
recove

ry 

%M I Albumin Alpha Beta Gamma Total 
globulin 

Day 4 
Group A (Control) 7.16 43.62 39.6 20.7 26.9 12.8 60.4 

Group 
B(Experimental) 16.16 15.29 72.4 8.8 13.8 5.5 27.6 

Day 20 
Group A 5.46 51.84 26.4 24.1 30.3 19.2 73.6 

Group B 15.96 13.62 29.3 10.0 14.9 5.8 30.7 

Day 40 
Group A 6.00  35.2 20.6 28.8 15.4 64.8 

Group B 14.76  66.0 12.0 15.3 6.7 34.0 

Day 60 
Group A Nil  37.7 20.7 28.6 13.0 62.3 

Group B 8.52  57.8 18.3 17.0 6.9 42.2 

Day 80 Group A Nil  41.5 20.1 27.8 10.6 58.5 
Group B 8.15  55.2 14.0 23.0 7.8 44.8 

Day 
100 

Group A Nil  42.4 19.8 27.6 10.2 57.6 
Group B 7.16  54.7 9.4 26.9 9.0 45.3 

Day  4 

Group C1 received 
sensitized spleen 
(from group B) cells 
and challenge(eggs) 

3.53  29.5 20.2 29.7 20.6 70.5 

Group C 
Pre-exposed to lead 
+ sensitized with 
spleen cells(From 
group B) + challenge 
(eggs) 

10.3  51.7 15.7 24.3 8.3 48.3 

Day 20 Group C1 8.76  52.9 15.8 22.8 8.76 47.1 
Group C 2.23  23.3 23.2 31.2 22.3 76.7 

Day 4 

Group D received 
sensitized spleen 
cells (from group B) 
+ lead exposure 
+challenge 

37.66  48.1 18.0 25.0 8.7 51.9 

Day 20 Group D 6.3  46.9 17.9 26.1 9.1 53.1 
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Fig. 1 : Showing worm recovery, migration inhibition and serum protein changes in mice 

 
 
 
 
 

Group A 
(Control)

Group B 
(Experi
mental)

Group A Group B Group A Group B Group A Group B Group A Group B Group A Group B Group C Group C Group D Group D 
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% of worm recovery 7.16 16.16 5.46 15.96 6 14.76 0 8.52 0 8.15 0 7.16 10.3 2.23 37.66 6.3
%M I 43.62 15.29 51.84 13.62
Albumin 39.6 72.4 26.4 29.3 35.2 66 37.7 57.8 41.5 55.2 42.4 54.7 51.7 23.3 48.1 46.9
Alpha 20.7 8.8 24.1 10 20.6 12 20.7 18.3 20.1 14 19.8 9.4 15.7 23.2 18 17.9
Beta 26.9 13.8 30.3 14.9 28.8 15.3 28.6 17 27.8 23 27.6 26.9 24.3 31.2 25 26.1
gamma 12.8 5.5 19.2 5.8 15.4 6.7 13 6.9 10.6 7.8 10.2 9 8.3 22.3 8.7 9.1
Total Globulin 60.4 27.6 73.6 30.7 64.8 34 62.3 42.2 58.5 44.8 57.6 45.3 48.3 76.7 51.9 53.1
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Fig. 2 : Showing migratory pattern of spleen lymphocytes a) Lead exposed and H. nana 

sensitized lymphocytes b) H. nana sensitized lymphocytes in the presence of Ag 

Since it is known that H.nana immunity is T- cell 
dependent, results of our experiments ( group D) 
provide strong evidence about immune- 
modulation in mice due to lead acetate. Highest 
cysticercoid recovery (the most immunogenic 
stage ) indicating highest immunosuppression  in 
recipients of sensitized spleen cells and 
subsequent lead exposure  inhibits the  prolifera-
tion and differentiation  of T- memory  lympho-
cytes by interrupting macrophage function.12 

CONCLUSION 
Lead is ubiquitous and toxic heavy metal. Our 
investigations give evidence how lead interfere 
and modulate the immune system. It  suppressed  
the immune response in mice infected with the 
human parasite – Hymenolepis nana (the dwarf 
tapeworm of man and rodents). Lymphocytes of 
lead exposed mice showed low production of 
lymphokines responsible for  the production 
Migration Inhibition Factor. Lead enhanced the 
time of persistence of the helminth parasite 
H.nana in mice beyond 100 days. Serum 
electrophoretic profile of lead exposed and 
infected mice showed low values of alpha, beta 
and gamma fractions reflecting reduction in 
protective antibodies like IgG, IgM and IgA. 
Thus heavy metal suppresses both cellular and  
humoral components of the immune system to 
co- operate. 
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