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The widespread use of l , l , l - t r ich loro-2 ,2-b is  (p-chlorophenyl) ethane 
(DDT) over number of years, coupled with its ext reme stabili ty 
and slow metabolism, has led to environmental contaminat ion and 
the ul t imate  car ry-over  from the food chain into humans 
(Ramachandran et al. 1984). This has necessi ta ted accura te  identifi- 
cation of the possible health hazards due to continued use of DDT. 

Human health e f fec ts  of these pesticide residues are yet  to be 
satisfactorily answered. It is becoming increasingly clear that  
important  changes in host immunity may occur a f te r  DDT exposure 
(Vos 1977; Faith et  al. 1980; Banerjee 1984). Furthermore,  recent  
studies in our laboratory have suggested that suppression of pr imary 
and secondary humoral immune responses to sheep red blood cells 
(SRBC), a thymus dependent (T-dependent) antigen, in mice may 
occur af ter  sub-chronic DDT exposure (Banerjee et  al. 1986). While 
the decrease in humoral immune response to SRBC indicated a 
functional impairment in the ability to produce antibodies following 
antigenic challenge in DDT exposed mice, it did not provide informa- 
tion as to which cells (i.e T cells and/or B cells) might be impaired. 
Since the antibody response to a T-dependent antigen is e f fec ted ,  
it would be more desirable to investigate the response to a thymus 
independent (T-independent) antigen. This will ascertain whether the 
al tered immune response was due to the impairment of T-cells or 
the B-cells ability to produce antibody and insight can be obtained 
into the mode of immunosuppression of DDT that interfere with 
humorat immune response. 

In continuation of our previous work, the present study was under- 
taken to investigate the e f fec t  of sub-chronic doses of DDT on 
humoral immune response to Escherichia coli l ipopolysaccharide 
(LPS), a thymus independent antigen, in mice. 

MATERIALS AND METHODS 

The source and purity of the p,p'DDT used in the present experi- 
ment were the same as those presented in an earlier paper (Banerjee 
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e t  al. 1986). Escherichia  coli l ipopolysaccharide (0127 : B8), goat  
an t i -mouse  IgM-horseradish peroxidase  conjugate,  o-phenylenediamine 
and Tween-20 were  purchased f rom Sigma Chemical  Co., St. Louis, 
MO. Tissue cul ture  medium RPMI-1640 was obtained from Centron 
Research  Labora tor ies ,  Bombay. The polys tyrene  mic ro t i t r e  pla tes  
(Titertek) was rece ived  f rom Flow Laborator ies ,  Irvine. 

Nat ional  Ins t i tu te  of Communicab le  Diseases  colony bred male  albino 
mice  (Hissar strain), weighing 18-20 grams were  mainta ined under 
similar  conditions as repor ted  ear l ier  (Banerjee e t  al. 1986~ Banerjee 
and Hussain 1986) and provided with labora tory  diet containing 0 
(control), 20, 50 or 100 ppm of p,pVDDT and wa te r  ad libitum for 
3 to 12 weeks.  Each t r e a t m e n t  group consisted of 12-15 mice.  
The prepara t ion  of the diets has been described previously (Banerjee 
e t  al. 1986). 

Mice were  immunized in t raper i toneal ly  with 100 tug of LPS, dissolved 
in phosphate  buf fe red  saline (PBS), 0.15 M, pH 7.2, five days before  
te rminat ing  the exposure. Blood samples  were  co l lec ted  a f t e r  te rmi-  
nation of exposure f rom chloroform anes the t i zed  mice  by card iac  
puncture.  The serum was sepa ra ted  from individual samples  and 
kept  at  -20~ until analyzed. The spleen was removed  immedia te ly ,  
teased finally for spleen cells under asept ic  condition for the esti-  
mat ion  of LPS-speci f ic  ant ibody forming cells. 

The splenic p laque-forming cells (PFC) assay for LPS was done 
largely according to the method of Jerne  et  al. (1969) using SRBC 
coa ted  with LPS. An aliquot containing 0.1 mL packed SRBC was 
incubated with 0.5 mL LPS (1 mg /mL dissolved in PBS) at 37~ 
for 60 min. and cells were  than washed five t imes with the medium 
RPMI-1640. The LPS-coa ted  SRBC were  resuspended at  a dilution 
of 1:15 for the plaque assay. Each spleen cell p repara t ion  was 
assayed on SRBC and LPS-coa ted  SRBC and the d i f fe rence  being 
the LPS-speci f ic  PFC. Resul ts  are expressed as PFC per million 
spleen cells. 

The serum IgM-antibody t i t r e  to LPS was measured  by enzyme-l inked 
immunosorbent  assay (ELISA) according to Vos e t  al, (1979), The 
ant ibody t i t res  are expressed as log 2 of the rec iprocal  of the highest 
dilution giving a posi t ive react ion,  

All the exper imen t s  were  car r ied  out in duplicate.  The average  
was used in the de te rmina t ion  of mean + s tandard deviat ion (SD). 
Resul ts  of DDT exposed group were  compared  with respec t ive  control  
group. Signif icance of the d i f fe rences  was assessed by student  
t - t e s t .  A "p" value of 0.05 or less was considered to be signifi- 
cant ly  d i f fe ren t  f rom control .  The data  from each group were  also 
analyzed by one-way analysis of va r iance  (ANOVA) according to 
Goldstein (1964). F ra t io  was ca lcu la ted  by two-sample  comparison 
of var iance  arising wi thin-samples  (error) and be tween-samples .  
F values were  considered significant  when exceeds  the cr i t ica l  values 
of the var iance  ra t io  for p = 0.05. 
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RESULTS AND DISCUSSION 

The persistence and ext reme stability of DDT in the environment 
is the ul t imate  source of contamination at dietary level. Significant 
amount of DDT residues have been reported in food grains (2.10 to 
35.00 ppm), animal products {1.50 to 34.05 ppm), but ter  (1.24 to 26.43 
ppm) and oil {22.14 to 25.72 ppm) from India (Krishnamurti 1984). 
Further, relat ively high level of DDT and its metaboli tes  have been 
reported in body fat (o.32 to 38o ppm), blood {0.02 to 4.61 ppm) 
and milk (0.04 to 2.35 ppm) of Indian population (Ramachandran 
et al. 1984; Krishnamurti  1984). Food is thus considered to be 
the main source of DDT residues in the human body, accounting 
for 80 to 90 per cent  of their total  dietary intake (Ramachandran 
et al. 1984; Krishnamurti  1984). The assessment of the hazards 
to human arising from very small quantities of DDT residues in 
food and the environment is an indispensable pre-requisite of the 
safety  evaluation of this insecticide. Hence, for the inclusion of 
immunological parameters  in safety  evaluation of chemicals  it has 
been considered desirable to investigate immunocompetence  in 
experimental  animals following low level dietary exposure to DDT 
(Vos 1977; Faith et  al. 1980; Banerjee et  al. 1986). Keeping in 
view the DDT residue levels in food commodities,  it was 
considered appropriate to incorporate DDT 20-100 ppm in the diet 
of experimental  animals for the purpose of sub-chronic toxic study. 
Testing of sub-toxic e f fec t s  upon immune responses is important  
in relation to health aspects of pesticides part icularly due to wide- 
spread u se  of DDT and its persistence in the environment (Vos 1977; 
Faith et al. 1980; Ramachandran et al. 1984; Banerjee et  al. 1986). 

Exposure of mice to DDT in the diet at the levels of 20-100 ppm 
for 3-12 weeks produced no overt  toxicity signs and symptoms. 
No significant differences were noted in mortal i ty  rate,  body growth 
rates  and food intake between controls and t rea ted  mice {data not 
shown) and falls in line with those reported earlier (Banerjee et  al. 
1986). The absence of any e f fec t  of DDT on body weight indicates 
that  this compound itself did not produce any stress responsible 
for the observed immunosuppressive e f fec t  in the present study. 

The e f fec t  of DDT on serum antibody t i tre and splenic plaque- 
forming cells in response to a T-independent antigen, LPS, are 
summarized in Table 1. Mice exposed to 100 ppm DDT for 6 to 
12 weeks showed significant al terat ion in IgM-antibody t i t re  to LPS. 
Similar depression in primary IgM-antibody t i t re  to SRBC in mice 
exposed to 100 ppm DDT for 12 weeks has been reported earl ier  
(Banerjee et al. 1986). Mice exposed to DDT showed a t ime and 
dose dependent decrease in LPS-specific primary PFC response. 
The reduction in the primary IgM-PFC was not well corre la ted with 
decrease in serum IgM-antibody response to LPS in DDT exposed 
mice. Suppressed PFC response was noticed af ter  3 weeks of 
exposure in a dose-t ime dependent pat tern  whereas decreased anti- 
body t i tre was observed af ter  six weeks only in 100 ppm DDT 
exposed mice. The present study also demonstrates  that  DDT 
t rea tment  resulted in a suppression of primary IgM-PFC in r e sponse  
to a T-independent antigen in mice at similar dose levels reported 
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Table  1. E f f ec t  of  DDT on humoral  immune 
response to LPS in mice* 

Durat ion of Level  of Antibody PFC/106 
exposure exposure  t i t r e  
(Weeks) (ppm) (-log} 2 cells 

0 6.20+1.50 128+26 
20 6.20T1.20 120~30 
50 5.70T1.58 110~25 
100 5.73T1.46 80+]8 a 

0 6.00+1.50 130+25 
20 6.40+1.07 128+34 
50 6.80T1.37 78+22~ 
100 4.00+-i.50 a 722-20 D 

0 6.00+1.00 125+25 
20 5.80+1.40 105+30 
50 4.80~1.40 77+20~ 
100 4 .20~ . 20  a 74T20 D 

12 0 6.60+1.30 122+20 
20 6.20+1.80 130+30 
50 5.25X1.5~ 70+28~ 
100 4.10+ 1.20 58T24 ~ 

* Da ta  p resen ted  as the mean + SD of 10-12 mice  in each group. 
a Signif icantly lower than respec t ive  control  by s ta t i s t ica l  compar i -  

sons; p <  0.05 (Student 's  t - tes t ) ;  p <  0.05 (ANOVA). 
b p < 0 . 0 1  (Student 's  t - tes t ) ;  p < 0 . 0 5  (ANOVA). 

ear l ier  for a T-dependent  antigen (Banerjee e t  al. 1986). 

In the present  study, mice  exposed to the DDT at  exposure concen-  
t ra t ion  which produced no mor ta l i ty  or o ther  obvious clinical signs 
of general  toxici ty,  had a significant  suppression in the IgM response 
to T- independent  ant igen suggesting tha t  DDT may have had a d i rec t  
e f f e c t  on B- lymphocytes .  The suppression of an t ibody-media ted  
immunity  in DDT exposed mice could occur  at  any of the severa l  
s tages  in B- lymphocyte  development .  It could be due to decreased  
lymphocyte  population and germinal  cen te r s  of spleen (Street  and 
Sharma,  1975), cy to tox ic i ty  (Gabliks and Fr iedman 1969) and/or 
in te rac t ion  of DDT with s teroid  metabol ism (Kupfer 1969}. 

Thus the present  study reveals  suppression of the humoral  immune 
response to a T- independent  antigen in mice exposed to sub-toxic  
doses of DDT. This suppression was found to increase  in dose - t ime  
dependent  pa t te rn .  The e f f e c t s  of DDT on humoral  immune 
response to a T- independent  antigen are  more  t ime  dependent  than 
on dose, suggest  a threshold suscept ibi l i ty  to exposure.  Adverse  
e f f e c t  of DDT on p r imary  humoral  immune function could place 
the host in a more  vulnerable  position towards various pathogens.  
It is apparent  that  a more  comple te  understanding of the immuno- 
toxic i ty  of  DDT is necessary  to study human heal th  hazards  and 
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establish guidelines for acceptable  residues in the environment.  
Fur ther  investigations are in progress on pr imary and secondary 
immune cytokinet ics ,  lymphocyte-media ted  cy to toxic i ty ,  lymphoid 
cell distribution and ret iculoendothel ial  system to e lucidate  the 
phenomenon in order to understand its mechanism of immuno- 
suppression and the possible health hazards due to continued use 
of DDT. 
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