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The widespread use 1,1,1-trichloro-2,2-bis (p-chlorophenyl) ethane 
(DDT) in public health programs and in agriculture has led to 
environmental  contaminat ion and the ul t imate  car ry-over  of these 
persistent  residues from the food chain into humans (Ramachandran 
et al. 1984). Human health a f fec t s  of these pesticide residues are 
yet  to be sat isfactor i ly  answered. It has become clear that  
important  changes in host immunity may occur af ter  acute  or chronic 
exposure to DDT (Vos 1977; Fai th et  al. 1981; Banerjee 1984). 
However, the consequence of prolonged exposure to low dosages 
of DDT in the form of residues in food on the integri ty of the 
immune system remains largely unanswered. 

Our previous studies have shown that  sub-chronic administration 
of DDT produces marked suppression of humoral immune response 
in mice (Banerjee et  al. 1986}. At present, very little is known 
about the sub-chronic e f fec t  of DDT on cel l -mediated immune res- 
ponse. More extensive and sys temat ic  studies on dose-t ime relation- 
ship in different  experimental  animal models appear to be essential 
before evaluating the potent ial i ty  of DDT on immune system of 
mammalian host. For the inclusion of immunological parameters  
in safe ty  evaluation of chemicals  it has been considered desirable 
to in3~estigate immuno-competence  in experimental  animals following 
low level dietary exposure to DDT. Keeping this in view the present 
study was designed to evaluate the e f fec t  of DDT, administered 
in sub-chronic doses over a long period, on humoral and cel l -mediated 
immune responses in albino rats. 

MATERIALS AND METHODS 

The source and purity of the p,p'DDT used in the present experi- 
ments were the same as those presented in an earlier paper 
(Banerjee et  al. 1986). Tetanus Toxoid (Tetanus Vaccine, Bio 
Vaccine Pvt. Ltd., Hyderabad), Freund's complete  adjuvant (Difco 
Laboratories,  Detroi t ,  MI) and tissue culture medium RPMI-1640 
(Centron Research Laboratories,  Bombay) were used. 

Wistar male albino rats weighing 85-90 g were obtained from the 
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National  Ins t i tu te  of Communicable  Diseases animal house colony 
and randomly divided into four groups. The animals  were  mainta ined 
under s imilar  conditions as repor ted  ear l ier  (Banerjee and Hussain 
1986) and provided with s tandard labora tory  diet containing 
o (control), 20, 50 or 100 ppm of p,pWDDT and wa te r  ad libitum 
for 8-22 weeks. The prepara t ion  of the diets  and exposure of 
animals  to the toxicant  has been described previously (Banerjee 
e t  al. 1986; Banerjee and Hussain 1986). Food consumption,  general  
condition and any other  clinical symptom were  looked for daily. 
Body weights  were  recorded weekly.  Ra t s  (10-12 animals /group/DDT 
level) were  randomly se lec ted  from each group and sacr i f iced at  
8,12, 18 and 22 weeks of exposure and used for each study as 
described below. 

Animals (10-12 ra t s /g roup/DDT level) were  immunized subcuta-  
neously with te tanus  toxoid (0.2 mL) mixed with an equal volume 
of Freundfs comple te  adjuvant,  20 days before  te rmina t ing  the 
exposure. These immunized ra ts  were  in jected in t raper i toneal ly  
with 5 mL s ter i le  liquid paraf f in  (0.88 g/mL BDH, England) 48 h 
before  use. An equal number  of animals  in each  dose group were  
mainta ined unst imulated.  Unst imula ted  ra ts  were  t r ea t ed  similarly 
excep t  they were  not immunized with te tanus  toxoid. 

Blood samples  were  col lec ted  a f t e r  t e rmina t ion  of exposure from 
chloroform anes the t ized  ra ts  by card iac  puncture  without  opening 
the abdomen. The serum was separa ted  from the individual samples  
and kept  at  -20~ until analysed. Heparin was used in col lect ing 
whole blood for leucocyte  migrat ion inhibition (LMI) test .  Per i -  
toneal  macrophages  were  co l lec ted  as described ear l ier  (Banerjee 
and Hussain 1986) for macrophage  migrat ion inhibition (MMI) tes t .  
The liver, spleen and thymus were  removed  immedia te ly ,  b lo t ted  
and weighed. 

The serum antibody t i t re  to te tanus  toxoid was e s t ima ted  by indirect  
haemagglut ina t ion  technique, quant i ta t ion of serum immunoglobulin 
(IgM and IgG) was carr ied out by single radial  immuno-diffusion,  
serum albumin and globulin f rac t ions  were  studied by zone e lec t ro -  
phoresis, and LMI and MMI were  assayed in vi t ro  by capi l lary  method 
according to the procedures  as described in detai l  in a r ecen t  publi- 
ca t ion from this labora tory  (Banerjee and Hussain 1986). 

The resul ts  are expressed as mean and s tandard  deviat ion (SD). 
The Studentts  t - t e s t  and one-way analysis of var iance  (ANOVA) 
were  employed to assess the s ta t i s t i ca l  s ignif icance of the t r e a t m e n t  
e f f e c t s  (Banerjee e t  al. 1986~ Banerjee and Hussain 1986). 

RESULTS AND DISCUSSION 

Rela t ive ly  high levels of DDT and its me tabo l i t e s  have been repor ted  
in body fa t  (0.32 to 380 ppm), blood (0.02 to 4.61 ppm) and milk 
(0.04 to 2.35 ppm) of Indian population (Ramachandran  e t  al. 1984, 
Krishnamurt i  1984). Admit tedly ,  s ignificant  amount  of DDT residues 
have been de tec t ed  in food grains (2.1 to 35 ppm), animal products  
(1.5 to 34.05 ppm), bu t t e r  (1.24 to 26.43 ppm) and oil 
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Table  1. Re la t ive  spleen and thymus weights  of te tanus  toxoid 
s t imula ted  ra t s  exposed to DDT for d i f fe ren t  duration* 

Durat ion of Level  of Spleen w t / B ~  
exposure exposure ra t io  x 10 - v  
(Weeks) (ppm) 

Thymus w t (_t~W 
rat io  x 10 

12 

18 

22 

0 3.31+0.26 2.40+0.52 
20 3.32+0.40 2.30+0.24 
50 3.07+0.71 2.41+0.12 
I00 3.10+0.40 2.30+0.18 

0 3.34+0.16 2.00+0.31 
20 3.34+0.20 2.00+0.75 
50 3.24+0.31 2.16+0.66 
I00 3.25+0.21 2.00+0.70 

0 3.16+0.20 2.11 +0.35 
20 3.12+0.25 2.08+0.80 
50 3.05+0.17 2,01+0.31 
100 2.80+0.20 a 1.87+--0.15 

0 3.10+0.20 2.10+0.45 
20 3.00+0.43 1.87+0.22 
50 2.55+0.20 a 1.96+--0. l I 
I O0 2.48~-0.30 b 2.05+--0.15 

* Da ta  presented  as the mean re la t ive  weight  + SD of 10-12 
ra t s  in each group. 

a Signif icant ly d i f fe ren t  from respec t ive  control  group, p <  0.05 
(Student 's  t - tes t ) ,  p < 0 . 0 5  (ANOVA); 

b p <  0.02 (Student 's  t - tes t ) ,  p <  0.05 (ANOVA). 

(22.14 to 25.72 ppm) f rom India (Krishnamurti  1984). Food is thus 
considered to be the main source of DDT residues in the human 
body, account ing for 80 to 90 per cent  of their  to ta l  d ie ta ry  intake 
(Ramachandran  e t  al. 1984; Krishnamurt i  1984). Keeping i n  view 
the DDT residue levels in food commodi t ies ,  i t  was considered 
appropr ia te  to incorpora te  DDT 20-100 ppm in the diet of experi-  
menta l  animals  for the purpose of sub-chronic toxic study. Test ing 
of Sub-toxic e f f e c t s  upon immune responses is impor tan t  in re la t ion 
to heal th  aspects  of pest ic ides  par t icular ly  due to widespread use 
of DDT and its pers i s tence  in the envi ronment  (Vos 1977~ Fai th  
e t  al. 1980; Ramachandran  e t  al. 1984; Banerjee e t  al. 1986). 

Exposure of ra ts  to DDT in the diet  at  levels of 20-100 ppm for 
8-22 weeks produced no over t  toxic i ty  signs and symptoms.  No 
significant  d i f fe rences  were  noted in mor ta l i ty  ra te ,  body growth 
ra tes  and food intake be tween  controls  and t r e a t ed  ra t s  (data not 
shown). The absence of any e f f e c t  of DDT on body weight  at  these 
exposure levels indicates  tha t  this compound i tself  did not produce 
any s t ress  responsible for the observed immuno-suppress ive  e f f e c t  
in the present  study. 
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Figure 1. Antibody response to tetanus toxoid in rats exposed to 
various concentrat ions and durations of DDT. Results are expressed 
as -log9 antibody titre.  Height of the bar represents mean + SD 
of 10-12 rats  in each group, a - Significantly lower than respective 
control by stat is t ical  comparison, p <  0.05 (Student's t-test) ,  p < 0 . 0 5  
(ANOVA). 

The rats exposed to 100 ppm DDT for 8-12 weeks, 50 ppm DDT 
for 8-18 weeks or 20 ppm DDT for 8-22 weeks did not show any 
significant change in spleen weight ratio (Table 1). Further  t rea t -  
ment for 18-22 weeks at 100 ppm level or 22 weeks at 50 ppm 
level showed significant decrease in spleen weight. However, 
these animals did not show any al terat ion in thymus weight through- 
out the course of experiment.  Such an observation had been made 
earlier in mice exposed to 50 or i00 ppm DDT for 8-12 weeks 
(Banerjee et  al. 1986). 

Serum antibody titre,  immunoglobulin levels and serum albumin 
versus globulin rat io were studied for the assessment of humoral 
immune response. Rats exposed to 100 ppm DDT for 18-22 weeks 
showed significant decrease in serum antibody t i t re  to tetanus toxoid 
(Figure 1). No significant e f fec t  on antibody t i t re  was observed 
in rats exposed to 20 or 50 ppm DDT. Similar depression in anti- 
body t i t re  to sheep red blood cells had been observed in mice 
exposed to 100 ppm DDT for 12 weeks (Banerjee et  al. 1986). 

The e f fec t  of DDT on albumin and globulin fractions of serum in 
tetanus toxoid st imulated and unst imutated rats  are given in 
Table 2. Serum globulin values were computed as ratios to albumin. 
This procedure was followed for convenience in evaluating serum 
electrophoresis data and was considered to be interpretable for 
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Table  2. E f f e c t  of DDT on albumin versus globulin ra t io  of  serum 
in te tanus  toxoid s t imula ted  and uns t imula ted  ra ts*  

Durat ion of Level  of 
exposure  exposure 
(Weeks) (ppm) 

Albumin/globulin rat io** 
Unst imula ted  S t imula ted  

12 

18 

22 

0 1.28+0.14 0.95+0.22 
20 1.25+0. i2 0.96+0.11 
50 1.28+0.08 1.00+0.20 
100 1.25+0.10 1.00+0.12 

0 1.21+0.15 0.98+0.20 
20 1.32+0.24 1.00+0.26 
50 1.28+0.25 1.00+0.22 
100 1.30+0.12 1.05+0.10 

0 1.25+0.11 0.95+0.11 
20 1.20+0.18 0.95+0.18 
50 1.30+0.15 1.05+0.12 
I00 1.20+-0.15 1.12+0.12 a 

0 1.26+0.16 0.90+0.15 
20 1.31+0.15 0.97+0.16 
50 1.20+--0.17 1.05+0.12 a 
lO0 1.24+-0.10 1.18-~0. I00 

Unst imula ted  ra ts  were  t r ea t ed  similarly excep t  immun iza t i on .  
Albumin/globulin ra t ios  are  ca lcu la ted  f rom pe rcen tage  of 
to ta l  protein content .  Values represent  mean L SD of 10-12 
ra t s  per  group. 
Signif icantly d i f fe ren t  f rom the respec t ive  control ,  p <  0.05 
(StudenUs t - tes t ) ,  p < 0 . 0 5  (ANOVA); 
p < 0 . 0 1  (StudenUs t - tes t ) ,  p < 0 . 0 5  (ANOVA). 

the purpose of these exper imen t s  (Banerjee and Hussain 1986). 
Albumin and globulin concent ra t ions  in serum were  consis tent  and 
una f fec t ed  by DDT t r e a t m e n t s  imposed. However ,  the e f f e c t  of 
te tanus  toxoid injection on humoral  immune response can be seen 
readily f rom increased globulin level (decreased A/G ratio) in 
s t imula ted  animals. Globulin level was s ignif icant ly  decreased  
( increased A/G ratio) in the s t imula ted  50 ppm DDT group exposed 
for 22 weeks and 100 ppm DDT group exposed for 18-22 weeks 
when compared  with the s t imula ted  control  group. 

The e f f e c t  of DDT on serum immunoglobulin (IgM and IgG) levels 
is shown in Table 3. The serum immunoglobulin levels did not show 
any signif icant  change a f t e r  DDT exposure.  The IgG and IgM 
frac t ions  of serum immunoglobulin tend to increase  a f t e r  te tanus  
toxoid adminis t ra t ion.  This increase  in IgG level a f t e r  te tanus  
toxoid immuniza t ion  was s ignif icant ly  lower in r a t s  exposed to 
50 ppm DDT for 22 weeks or 100 ppm DDT for 18-22 weeks as 
compared  to an t igen-s t imula ted  control  and found to be well corre-  
la ted with decreased  globulin levels in these  animals  (Table 2). 

831 



Table 3. Serum immunoglobuli n concentrat ions in tetanus toxoid 
unstimulated and st imulated rats exposed to various levels of DDT* 

Duration of Level of 
Unstimulated Stimulated exposure exposure 

(Weeks) (ppm) IgM IgG IgM IgG 

12 

18 

22 

0 0.52• 12.5• 0.70• 15.5• 

20 0.46• 12.7• 0.67• 15.7• 

50 0.48• 10.9• 0.70• 14.6~1.50 

100 0.46• 11.1• 0.63• 14.1• 

0 0.51+0.13 12.4-+2.15 0.72+0.11 15.1+1 ~ 

20 0.50-+0.15 11.8+-2.00 0.66+0.15 15.0-+I .80 

50 0.45+-0.17 12.1+-I .60 0.65+0.10 14.1-+3.10 

100 0.50-+0.14 11.6+I .60 0.67-+0.13 14.8+2.40 

0 0.50-+0.10 11.2-+1.88 0.68-+0.13 15.0-+I .62 

20 0.50+-0.11 12.1+2.00 0.70-+0.10 14.7-+2.50 

50 0.43+-0.15 11 .I-+2.30 0.62+0.11 14.1+2.10 

100 0.40+0.13 10.1-+1.10 0.66+0.16 12.6+I ~ a 

0 0.52-+0.15 11.5-+2.20 0.70+0.12 15.2-+I .20 

20 0.45-+0.15 12.2+2.50 0.65+0.15 14.7-+2.10 

50 0.50+0.10 10.1-+I .50 0.58-+0.12 12o7+2.80~ 
u 

100 0.40-+0.10 10.4+I .20 0.63+-0.10 12.1-+2.00 

Immunoglobulin concentra t ions  are presented as mean + SD 
in mg/mL. Ten to twelve rats were used in each group. 
p<  0.05 (Student's t - tes t  or ANOVA); 
p<  0.01 (Student's t - tes t  or ANOVA). 

However, DDT at these exposure levels did not a f fec t  the increase 
of the IgM fract ion in rats af ter  tetanus toxoid immunization. 
A similar decrease in serum globulin fraction and immunoglobulin 
levels has been reported in rats and rabbits exposed to organo- 
chlorine pesticides (Vos 1977; Banerjee and Hussain 1986). These 
results indicate that  an important  change in host immunity may 
occur  af ter  DDT ingestion. 

The act ivi ty  of lymphokines such as migration inhibitory factors  
produced by st imulated lymphocytes or macrophages (LMI or MMI) 
from DDT exposed animals which have been ac t ivated  in vitro by 
tetanus toxoid was used as a measure of cel l -mediated immunity. 
Figure 2 summarises the e f fec t  of DDT exposure on cel l -mediated 
parameters .  Rats exposed to 50 or 100 ppm DDT and subsequently 
immunized with tetanus toxoid showed marked decrease in the 
ability of antigen-sensit ized ceils to release migration inhibition 
factors  which prevent leucocyte  and macrophage migration in vitro 
suggesting impairment of e f f e c t o r  mechanism. Dose-t ime dependent 
inhibition were found when both the ability to produce MMI and 
LMI were evaluated. Although it appears that  the depression of 
cel l -mediated immunity extends to the primary humoral response, 
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Figure  2. Leucocy te  and macrophage  migra t ion  inhibit ion t e s t s  
in ra ts  exposed to various concen t ra t ions  and durat ions of DDT. 
Each value r ep resen t  the mean pe r cen t a ge  migra t ion  inhibit ion + 
SD of 10-12 ra t s  per  group, a - p <  0.05 (StudentVs t - t e s t  oT 
ANOVA); b - p < 0 . 0 2  (StudenCs t - t e s t ) ,  p <  0.05 (ANOVA); c - 
p <  0.01 (Student ' s  t - t e s t  or ANOVA). 

more l ight can be thrown in this d i rec t ion  by studying the response 
to a thymus independent  ant igen.  

The resul t s  of the p resen t  s tudy reveal  suppression of humoral  and 
c e l l - m e d i a t e d  immune responses  in ra t s  exposed to sub- toxic  doses 
of DDT. This suppression was found to increase  in dose - t ime  depen- 
dent pa t t e rn .  The e f f e c t  of DDT on immune responses are  more 
t ime  dependent  than on dose, suggest  a threshold suscep t ib i l i ty  to 
exposure.  Adverse  e f f e c t  of DDT on immune function could p lace  
the host in a more  vulnerable  posi t ion towards  various pathogens.  

Immunotox ic i ty  of DDT in ra t s  was observed at  dose levels which 
did not produce over t  tox ic i ty .  It is apparen t  tha t  a more 
c o m p l e t e  unders tanding of the tox ic i ty  of DDT is necessa ry  to study 
human heal th  hazards  and es tabl i sh  guidelines for a c c e p t a b l e  residues 
in the environment .  It is emphas ized  tha t  the threshold level 
of the chemica l  below which no e f f e c t  would be seen depends on 
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the method of tes t ing for immune responses,  animal species,  
endocrine and nutri t ional  s ta tus  of t h e  host and type of ant igen 
against  which the responses are studied (Street  and Sharma 1975; 
Vos 1977~ Banerjee e t  al. 1986~ Banerjee and Hussain 1986). More 
extensive  studies on dose - t ime  relat ionship in d i f ferent  exper imenta l  
animals  appear  to be essent ial  in order  to eva lua te  the e f f e c t  of 
DDT on human immune system.  Since there  are numerous functions 
associa ted  with the immune system,  it is necessary  to study mult iple  
p a r a m e t e r s  to properly eva lua te  the e f f e c t  of DDT on immune 
response and in par t icular  the involvement  in immunocompetence .  
Fur ther  invest igat ions are in progress  on  pr imary  and secondary 
immune cytokinet ics ,  l ymphocy te -med ia ted  cy to tox ic i ty  and ret iculo-  
endothelial  sys tem in order  to understand its mechanism of immuno- 
suppression and the possible heal th  hazards  due to continued use 
of DDT. 
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