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ABSTRACT

Recipient Swiss albino mice which received sensitized cells from peritoneal exudates
(PEC), thymus (T) and bone marrow(BM) were exposed to lead and challenged with human
dwarf tapeworm Hymenolepis nana.  Oral lead exposure suppressed the immune response
as indicatd by low values of different fractions of immunoglobulins and increase in
susceptibility to infection at larval and adult developmental stages in passively immunized
mice. Both the humoral and cellular components of the immune system have failed to co-
operate in the expulsion of worms but recients of snsitized T-cells showed lesser suppression
of immune response in comparison to other recipient groups.
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INTRODUCTION
Environmental contamination has

become a problem of major concern. One such
important pollutant is lead, a toxic heavy metal
which is ubiquitous and accumulates in the body,
damaging the different systems. There is
considerable evidence to indicate that lead
exerts adverse toxic effects on the resistance
of the body to various infections. Present
investigations are based on the suppressive
effects of lead nitrate on humoral and cellular
immune system of the host challenged by
human dwarf tapeworm Hymenolepis nana.
Successful transfer of sensitized cells from both
primary and secondary lymphoid organs1,2 have
provided enough evidence regarding the
involvement of lymphocyte mediated cellular
immunity in H. nana-mouse model. In the

present investigations experiments were
designed to demonstrate the extent of immuno-
suppression by lead on adoptive immune
response through peritoneal exudate cells
(PEC), thymus cells (T-cells) and bone marrow
(BM) cells. The extent of suppression in
humoral immune response was assessed by
analyzing serum samples electrophoretically
from all the experimental animals.

MATERIAL AND METHODS
Syngenic female swiss albino mice

(Mus musculus albinus), 6-8 weeks old and
20-25 g. wt. were used in all the experiments
(Table-1). Mice were divided into 7 groups
(A, B, B1, C, C1, D, D1) of 10 each. Mice of
group A received 500 H. nana eggs orally and
necropsied on 4th day (cysticercoid stage) and
acted as donor for PEC, T-cells, BM cells. The
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cells were collected and transferred to the
respective recipient groups; B and B1, received
PEC, C & C1 received T-cells and D and D1,
received BM cells. Experimental groups B,
Cand D were orally exposed to 0.1 mg lead
nitrate (15 days), seven days after cell transfer
and all the groups were subsequently challenged
with 500 H. nana eggs next day after cessation
of lead treatment. All the groups of mice were
necropsied on 4th (cysticercoids stage) and 20th
day (adult worm stage) after challenge
infection. Group A acted as control and did not
receive any challenge infection while groups
B1, C1, D1 did not receive any lead nitrate
exposure and acted as control groups for B, C
and D respectively.

Pooled serum samples were collected
at each necropsy of experimental and control
groups and analyzed electrophoretically using
cellulose acetate strips on horizontal
electrophoretic apparatus. Results of worm
recoveries and serum protein fractions were

analyzed statistically by using student’s T-test.
RESULTS AND DISCUSSION

Results of recoveries from different
groups of recipients along with their statistical
analysis are presented in table-1 and table-2.
Experimental recipients of groups B and D
which received sensitized cells from PEC and
bone marrow respectively showed maximum
suppression of immune response resulting in
higher recovery in worm counts. However,
recipient group C showed enhancement of
immune response as compared to groups B and
D though the values of worm recoveries
remained still high as compared to control
group A.

Values of serum protein fractions from
various experimental groups showed significant
increase in albumin fraction at the cost of other
globulins resulting in significant decrease in
total globulins.

 Increased susceptibility to infection
in mice which received sensitized cells

Group
0 4 11 26 30 46

Collection & 
transfer of 

cells

Oral lead 
exposure 
(0.1mg)          

(15 days)

Challenge 
Infection 
500 eggs

Cysticercoid 
Recovery       
(Mean values 
with SD)

Adult Worm 
recovery            
(Mean values with 
SD)

A 500 Eggs -"- - - 38.50 (7.7%)                  
±2.06 (4th day)

35.83 (7.1%)                  
±2.41 (20th day)

B - PEC Lead exposure Challenge 61.66 (12.33%)                  
±2.37

56.16 (12.5%)                  
±2.50

B1 - -"- Control -"- 23.50 (4.7%)                  
±2.12

13.33 (2.66%)                  
±2.11

C - Thymus Lead exposure -"- 48.16 (9.63%)                  
±2.97

44.83 (8.96%)                  
±2.12

C1 - -"- Control -"- 16.83 (3.36%)                  
±2.89

8.83 (1.76%)                  
±1.25

D - BM Lead exposure -"- 60.33 (12.06%)                  
±2.74

56.83 (11.36%)                  
±2.60

D1 - -"- Control -"- 19.88 (3.36%)                  
±2.76

11.50 (2.3%)                  
±1.55

Days

Table 1
Experimental Design and Recoveries of Cyticercoids and Adult Worms
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(adoptive transfer) and then exposed to lead
indicates that immunological dysfunction is a
sensitive indicator of lead. Higher recoveries
of worms in all the experimental groups
indicates that presence of lead in the intestinal
mucosa interferes at the stage of maximum
antigenic tissue reactions i.e. between
developing onchospheres and the host tissues,
thereby reducing or suppressing the immune
response and this can be correlated with low
values of serum fractions. It has been shown
earlier that introduction of lead is known to
disturb the oxidative metabolism of tissues3 by
interacting with the mucosal mitochondria4 thus
impairing the expulsion functions of the intestinal
tissues at a critical period in the life cycle of
the parasite i.e. at the cysticercoid stage.
Enhancement of maximum immune reactions
in recipients of sensitized T-cells (group C) in
comparison to groups B and D i.e. recipients
of PEC and BM cells indicate that although
the target cells for lead are T-lymphocytes and
macrophages5  which together mediate
expression of CMI, but the present
investigations strongly support our earlier
findings6 that recipients significantly restore the
deficiency caused by lead through sensitized
T-cells contributed by donors. Maximum
immuno-suppression in recipient groups (B and

D) which received PEC and BM cells indicates
that macrophages which are very important in
the expression of both cell mediated as well as
humoral immune response are affected
severally as compared to group C.

Studies on humoral immune response
(Table-2) by examining different serum
fractions indicate that increased values of
albumin in all the experimental groups are the
result of cell degradation and disturbances in
the intestinal metabolism, also supports our
previous findings. Lack of proliferation of
immunocytes in lead exposed animals resulted
in inhibition in albumin utilization leading to
higher concentration of albumin fraction in
peripheral blood. Lead suppresses the serum
globulins in all the experimental groups
correlates with the previous studies7

demonstrating the immuno-suppressive effects
of lead leading to reduced antibody titres.8

Decrease in -globulin fraction in all the
experimental groups indicates lower synthesis
of IgA antibodies which play a very significant
role in expulsion of helmintic parasites. Severe
decrease in both  and  fractions of globulins
in all the experimental groups indicate the
suppressed synthesis of IgG and IgM antibodies
which are the main antibodies associated in
these fractions. The reason for lowered

Group
Alb.    Total Alb.    Total

A
31.4                  

±0.015
23.9            

±0.10
29.5            
±0.1

15.2            
±0.32

68.6              
±0.25

25.1                       
±0.25

24.9               
±0.65

29.9               
±0.86

20.1                 
±0.20

74.9               
±0.23

B
67.7                 

±0.19
10.0              

±0.30
15.4                 

±0.31
6.9             

±0.1
37.3           

±0.21
64.2                 

±0.25
12.8             

±0.17
15.9                 

±0.26
7.1              

±0.36
35.8               

±0.43

C
65.4              

±0.14
11.7              

±0.10
15.8              

±0.10
7.1              

±0.40
34.6              

±0.35
63.0              

±0.15
18.3              

±0.45
16.2              

±0.11
7.5              

±0.12
37.0              

±0.65

D 57.8              
±0.52

17.2              
±0.45

17.1              
±0.25

7.9              
±0.25

42.2              
±0.63

58.9              
±0.25

18.8              
±0.26

15.0              
±0.14

7.3              
±0.26

41.1              
±0.30

Cysticercoid stage Adult stage

Table - 2
Serum Protein Values (Mean with SD) of All the Experimental Groups

Statistical Comparisons are obtained by using t-test among the Experimental Groups:
Group A acted as control and did not  receive any challenge.
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globulins is that lead not only suppresses
B-cell proloferation but also alters B-lymhocyte
receptors9 which may eventually block antibody
synthesis via the complement (C3b) pathway.

Both at the cysticercoid and adult stages,
there is suppression of effective immunity to
H. nana which involves both antibody and
T-cell mediated responses.10, 11 Suppression of
T-lymphocyte response by inhibiting
macrophage migration inhibition factor12,13,
indicate that all the three major components of
the immune system i.e. humoral, cellular and
macrophages are unable to co-operate resulting
in higher worm recoveries and lower globulin
levels.

CONCLUSION
Interference of lead in the host-intestinal

expulsion function of parasite, is responsible for
increase in susceptibility to infection in all the
experimental recipients. This can also be
correlated with decrease in-globulin which
mainly contains IgA antibody responsible for
worm expulsion. Immunity to H nana is mainly
T-cell dependent and macrophages  are also
failed to co-operate in B- lymphocyte
proliferation resulting in low synthesis  of
immunoglobulins.
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