
population and deploying genetic variability through exten
sive gene flow, although neither the time frame nor the direc
tion can be determined currently from the available data. 

On the basis of the present study, it is concluded that the 
Indian population of rice blast fungus is genetically heteroge
neous and the interrelationships amongst the different 
isolates can be easily, precisely and reliably explained by 
RAPD. 
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Brugia malayi infection: Correlation 
between chronicity of infection and 
lymphoid cell proliferation and DNA 
damage of host 
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The present study was undertaken to investigate whether 
the hypo responsiveness of the host induced by filarial 
infection was due to suppression of cell proliferation 
or DNA damage or both, of splenocytes or lymph node 
cells and its relation to chronicity of infection. Lymph 
node cells and splenocytes from Mastomys coucha in
fected with Brugia malayi at 1-2 months (amicrofilarae
mic) , 6-7 months (microfilaraemic) and >12 months 
(chronic microfilaraemic) infection were studied by 
Comet assay and lymphocyte transformation test. Cells 
from all chronically infected animals showed both DNA 
damage and suppressed proliferative response to filar
ial antigen/ConA, while this was seen only in 75% of 
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animals with six-month-old infection. About 18% of 
animals with 1-2-month-old infection showed DNA 
damage only. Splenocytes from early and mid-stage 
infected animals showed less proliferative response to 
parasite antigen or ConA compared to uninfected ani
mals. Thus the findings show a significant correlation 
between DNA damage/suppressed cell-proliferative 
response and the chronicity of infection, and this may 
reflect on the development of hypo responsiveness. In 
conclusion, the present findings suggest that in chronic 
infection in M. concha, the parasite products may cause 
suppression of cell-proliferative responses and cyto
toxicitylDNA damage in lymphocytes/splenocytes. This 
may collectively contribute to the development of hypo
responsiveness of the host. 

LYMPHATIC filarial worms are complex multicellular organ
isms with prolonged survival in the human host, leading to 
down-regulation of antigen-specific proliferative response. 
It is well documented that patent infection with Wuchereria 
bancrofti or Brugia malayi is associated with reduction in 
both humoral and cellular responsiveness to filarial anti
gens l

-
5, but treatment with diethylcarbamazine (DEC) 

partially restored the antigen-specific responses. However, 
some amicrofilaraemics or chronic symptomatic cases from 
endemic areas also exhibited similar down-regulation of 
antigen-specific proliferative response and restoration in 
responsiveness after DEC treatment6. Lammler et al. 7 and 
Murthy et al. 8 have demonstrated decrease in the number 
of lymphocytes and polymorphs (leucopenia) in Mastomys 
coucha (=natalensis) - Litomosoides carinii and Indian 
cat - B. malayi models respectively. Several investigators 
have demonstrated unresponsiveness to both mitogen and 
antigen in humans1

,3,9 and monkey models of filariasis 10 
and leishmaniasis 11. Many factors, including circulating 
immune complexes l2

-
14 have been implicated in this un

responsiveness. Recently, Nutman and Kumaraswami 15 

have reported that microfilaraemic individuals showing 
diminished cellular proliferative responsiveness had decreased 
the number of positive CD4+ cells following in vitro ex
posure to filarial antigen. They suggested that apoptotic 
pathways might playa part in in vivo tolerance. However, 
whether filarial infection induces DNA damage in host 
cells is not known. The present study was therefore under
taken to investigate whether the hyporesponsiveness of 
the host induced by filarial infection was due to suppression 
of cell proliferation or DNA damage or both, in splenocytes 
or lymph node cells and its relation to chronicity of infection. 

M. coucha harbouring B. malayi infection was used 16 as 
the model. 

Groups I, II and III consisted of 11, 4 and 6 animals having 
early, i.e. 1-2 months post-larval inoculation (p.i.), mid 
(6-7 months p.i.) and chronic (more than 12 months p.i.) 
stages of B. malayi infection respectively. Animals of Groups 
II and III showed circulating micro filariae (mf). Groups 
IV and V comprised 3 and 8 animals respectively. Cells 
of Group IV were treated with 200 M-M H20 2 for 10 min 
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and kept as positive control. Cells of Group V were left as 
such and considered as negative control. 

Groups I-III and V consisted of pooled data of repeat 
experiments using 2-4 animals in each experiment. Group IV 
also consisted of pooled data of repeat experiments using 
one animal in each experiment. 

Adult worms and mf were recovered from the peritoneal 
cavity of experimentally infected jirds (Meriones ungui
culatus). The parasites were washed several times with 
sterile PBS before use. Soluble parasite extracts were 
prepared using the method of Tandon et al. l7

. Briefly, the 
worms were crushed in PBS (PH 7.2) followed by sonication 
at 10 Kc for 10 min with 60 s interval after every stroke 
of 60 s. The homogenate thus obtained was centrifuged at 
5000 rpm for 30 min at 4°C. The supernatant was collected 
and protein content estimated using the method of Lowry 
et al. 18

. 

Lymph nodes and spleens were removed from the animals 
under aseptic condition and kept in sterile RPMI 1640 
medium. These organs were washed 3-4 times with sterile 
medium containing penicillin 100 V/ml and streptomycin 
100 M-g/ml. Cells were isolated according to the method 
described by Klei et al. 19

. Briefly, cells were freed by gentle 
teasing of lymph nodes or spleens and strained through 
100 M-m porosity of nylon cell strainer to obtain clean cells. 
RBCs contaminated in spleen cells were lysed with 0.87% 
N~CI. The cell suspension thus obtained was centrifuged 
at 2000 rpm at 4°C for 5-7 min followed by three washes 
with medium and re-suspended in complete RPMI 1640 
medium. The viability of the cells was checked using 
0.1 % trypan blue. Viable cells were counted and adjusted 
in such a way that the final concentration of cells in the 
culture well became 2 x 106/ml concentration. 

Lymphocyte transformation test was carried out using 3H 
thymidine uptake 10. Lymphocytes or splenocytes (2 x 106/ml) 
were cultured in RPMI 1640 medium supplemented with 
penicillin (100 V/ml), streptomycin (100 M-g/ml), 2 mM 
L-glutamine and 10% foetal bovine serum in 96-well flat 
bottom culture plate (Nunc, Denmark) in triplicate with 
or without parasite extract (20 M-g/ml) or ConA (10 M-g/ml). 
Cultures were incubated at 37°C in humid atmosphere 
(5% CO2 and 95% air) for 72 h. The cells were then pulse 
labelled with 3H thymidine (1 M-ci/well) and harvested after 
18 h in a cell harvester. 3H thymidine incorporation was 
counted in liquid scintillation ~-counter. Results were ex
pressed in terms of stimulation index, which was calculated 
by dividing mean cpm of stimulated culture with mean of 
unstimulated culture. 

MTT assay was used to determine the cytotoxic potential 
of B. malayi adult parasite extract as described by Kayser 
et al. 20

. Briefly, splenocytes (2 x 106/ml) from naIve M. 
coucha were incubated with or without parasite extract at 
37°C in humid atmosphere (5% CO2 and 95% air) for 72 h. 
After incubation, the cells were centrifuged at 3000 rpm 
for 15 min and 0.5% MTT prepared in PBS was then 
added to the pellet and incubated at 37°C for 2 h followed 
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by centrifugation at the same speed. The pellet containing 
formazan was extracted in DMSO for 1 h. OD of soluble 
formaza was read at 510 nm. 

For assessment of DNA damage, Comet assay was perfor
med according to Singh et al. 21

, with some modifications. 
Briefly, cell pellets were mixed with 0.5% low-melting 
temperature agarose at 37°C. The cell suspension was 
then loaded in wells of 0.8% high melting agarose cast on 
horizontal plate. Each well charged with 1 x 106 cells was 
covered with a thin layer of 0.8% normal melting agarose, 
cooled and immersed in a lysing solution containing 1% 
Sarcosinate (Sigma, St. Louis, MO), 2.5 M NaCi, 100 mM 
sodium EDTA, 10 mM Tris (pH 10.0) and 1% Triton X-
100 for 2-3 h at 37°C. The set was removed and placed in 
a horizontal gel electrophoresis unit filled with freshly 
prepared electrophoretic buffer (1 mM sodium EDT A, 
200 mM NaOH; pH 14.0) and allowed to stand for 20 min. 
Electrophoresis was run for 2 h at 25 V and 300 mAo After 
electrophoresis, the gel was washed with 0.4 M Tris (pH 
7.5) to remove excess alkali. Slides were then stained 
with ethidium bromide and observed under UV Spectromax 
gel documentation. The damaged cells appeared as smear 
extended towards the anode. Length of migration reflected 
the extent of DNA breakage in the cell21

. 

Results were presented as mean ± SD of two to three 
experiments and the data were analysed statistically using 
GraphPad Prism®. Differences with P < 0.05 were considered 
significant. 

The level of DNA damage in the splenocytes and lymph 
node cells of M. coucha (uninfected and B. malayi in
fected) was assessed on the basis of migration of DNA 
(Table 1). Lymph node cells from normal animals (Group 
IV) treated in vitro with H20 2 showed DNA damage as 
regards to DNA migration (1.5 cm). In contrast, unexposed 
cells of lymph nodes or spleen (Group V) did not show 
any DNA damage. All the six chronically infected animals 
of Group III (more than 12-month-old infection) showed 
DNA damage (in the form of smear) in both splenocytes 
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(1.17 cm ± 0.75) and lymph node cells (0.65 cm ± 0.28). 
However, three of the four animals (Group II) harbouring 
6-7 -month-old infection with mf in the peripheral blood 
showed substantially low damage in DNA of splenocytes 
(0.3 cm ± 0.09) only. Interestingly, nine out of 11 animals 
(Group I) having early stage of infection (1-2-month-old 
infection) with no peripheral mf showed no damage in 
DNA of splenocytes or lymph node cells. However, the extent 
of damage in DNA of lymph node cells of the remaining 
two animals of this group was comparable to the damage 
observed in Group II animals. Apparently, there was a direct 
correlation between extent of DNA migration and duration 
of exposure (Table 1). 

Both splenocytes and lymph node cells of chronically in
fected animals showed significantly suppressed (P < 0.01) 
proliferative responses to both filarial antigen and ConA. 
Splenocytes of animals harbouring early and mid-stage of 
infection showed less responsiveness to parasite antigen 
compared to uninfected animals. However, splenocytes of 
animals of mid-stage infection showed suppressed response 
to ConA also (Table 2). Interestingly, B. malayi adult 
parasite extract exerted significant (P < 0.0001) cytotoxic 
effect as assessed by MTT assay on splenocytes of naIve 
M. coucha when incubated in vitro (Table 3). 

Chronic exposure with any infectious agents or toxic 
substances is known to lead to DNA damage in host cells22

-
24

. 

Our results show preliminary but definite findings that B. 
malayi infection may induce DNA damage in splenocytes 
or lymph node cells of mf-positive animals and that chronic 
stage of filarial infection induced significant damage in 
DNA. It also appeared that extent of DNA damage was 
significantly dependent on the length of exposure of the 
host to parasites, as all the chronically infected animals 
showed DNA damage and only a small percentage (18%) of 
animals with early stage of infection exhibited such damage. 
The smear-type damage in DNA of filaria-infected cells 
was comparable to H20 T mediated DNA damage in lymph 
node cells or splenocytes of normal animals. Our present 

Table 1. DNA damage assessed by electrophoretic mobility in splenocytes and lymph node cells of Mastomys coucha harbouring different stages 
of Brugia malayi infection (values are mean ± SD) 

Group (n) Duration of infection 

I (II) Early infection (1-2 months; mf negative) 

II (4) Mid infection (6-7 months; mfpositive) 

III (6) Chronic infection (12 months) 

IV (3) Control uninfected (H20 2 treated) 

V (8) Control uninfected 

n, No. of animals used. 
**P < 0.01 (over untreated control group). 
#p < 0.01 (over Groups II and III). 
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Type of lymphoid 
cell 

Lymph node cells 
Splenocytes 

Lymph node cells 
Splenocytes 

Lymph node cells 
Splenocytes 

Lymph node cells 

Lymph node cells 
Splenocytes 

No. of animals showing Length of DNA 
DNA damage in cells migration (cm) 

2 0.4 and 0.5 
0 No smear or ladder 

0 No smear or ladder 
3 0.3 ± 0.09** 

6 0.65 ± 0.28** 
6 l.l7 ± 0.75# 

3 1.5 ± 0.30# 

0 No smear or ladder 
0 No smear or ladder 
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Table 2. Proliferative response of splenocytes and lymph node cells of M. coucha harbouring different stages of B. malayi infection to filarial 
parasite antigen and ConA (values are mean ± SD) 

Stimulation index 

Group (n) Duration of infection Type of lymphoid cell B. malayi adult worm extract ConA 

1(4) Early infection (1-2 months; mfnegative) Lymph node cells 
Splenocytes 

5.25 ± 0.08 
2.26 ± 0.37** 

5.87 ± 0.88 
4.18±0.41 

II (4) Mid-infection (6-7 months; mfpositive) Lymph node cells 
Splenocytes 

5.47 ± 2.90 
3.16 ± 0.7* 

5.45±1.40 
2.26 ± 0.64** 

III (6) Chronic infection (> 12 months) Lymph node cells 
Splenocytes 

2.25 ± 0.07** 
1.75 ± 0.26** 

1.4±0.17** 
2.3 ± 0.21 ** 

V (8) Control uninfected Lymph node cells 
Splenocytes 

5.56 ± 0.04 
4.49 ± 0.05 

4.25 ± 0.08 
5.89 ± 0.38 

n, No. of animals. 
* P < 0.05 (over untreated control group). 
**P < 0.01 (over untreated control group). 

Table 3. Cytotoxicity of B. malayi adult worm extract to splenocytes 
from naive M. coucha assessed by MTT assay (values are mean ± SD) 

B. malayi adult worm extract 
Control 

OD510 P value 

0.81 ± 0.25 
1.85 ± 0.07 

0.0001 

findings show that DNA damage in the splenocytes or 
lymph node cells of the animals was the consequence of 
chronic parasite exposure, particularly to mf stage and that 
the characteristic smear-type DNA tailing seen in our study 
suggests cell necrosis. In bancroftian filarial patients, several 
investigators consistently found necrotic cells in lymph
node biopsies. Histopathological observations in both human 
and animals with chronic filarial infection revealed focal 
necrotic regions in the lymph nodes and spleen25

. Thus 
the data support the view that both suppressed cell proli
feration and necrotic depletion of lymphocytes by the 
parasite molecules/antigens might precipitate the development 
of unresponsiveness or hyporesponsiveness in filarial infected 
hosts. Recently, Jenson et al. 26 demonstrated that Brugia 
mf could selectively induce lymphocyte apoptosis and 
suggested that apoptosis can contribute to the defect in 
proliferative response of the cells to parasite extract and 
provide favourable environment for persistence of mf. 
However, they mentioned that these findings warrant further 
investigations. In the present study it was observed that 
mf was not solely responsible for DNA damage, as filarial
specific cellular hyporesponsiveness was detected in animals 
harbouring early stage of infection, which had no mf either 
in circulation or in the uteri of female worms. This suggests 
that other stages of the parasite or their molecules or 
some unidentified factors may also playa role in damaging 
DNA in host cells. Holzmuller et al. 24 demonstrated NO
mediated cytostatic and cytotoxic effects on axenically 
grown and intracellular Leishmania amazonensis amas
tigotes consequent to activation of a pathway that was referred 
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to as apoptosis-like process. Melino et al.27 have reported 
that NO could induce both necrosis as well as apoptosis. 
We have observed that peritoneal macrophages from M. 
couch a harbouring early stage of B. malayi infection when 
re-stimulated with B. malayi antigen in vitro, significantly 
more NO was found in culture supernatants compared to 
cells from mid- and chronic stages of infection (unpublished 
observation). It is therefore expected that constant release 
of NO at the early stage of infection may predispose to 
more DNA damage during chronic stage of infection. Per
haps, in the present study, due to this reason reduced level 
of cellular proliferative response was observed during 
early stage of infection too. Jenson et al. 26 reported that 
mf-infected mice, which produced Thl response were un
able to proliferate in the presence of high level of NO, 
but they have also reported that CD4+ T cells were the major 
source of Th2 cytokines following L3 infection. In our previ
ous study with Indian leaf monkey (Presby tis entellus) in
fected with B. malayi, we have shown a positive correlation 
between presence of CD4+ T cells and suppressed cell
mediated immune response in animals that developed disease 
manifestations 10. Nevertheless, NO is not only identified 
as an immunoprotective molecule of innate immunity de
fense system against invading pathogens, it also acts as 
molecular cytotoxin, causes iron loss, inhibits DNA syn
thesis and mitochondrial respiration which may lead to 
necrosis, programmed cell death and may ultimately lead 
to immuno-suppression. In addition, we have also observed 
that adult parasite extract induces apoptosis in lymph 
node cells in vitro (unpublished observation). Therefore, 
both apoptosis and necrosis may contribute to the cellular 
unresponsiveness or hyporesponsiveness in the host. In 
the jird-B. pahangi model, Prier and Lammie28 and Leiva 
and Lammie29 correlated hyporesponsiveness to suppression 
of cell proliferation by parasite antigen. In the present 
study, hyporesponsiveness appeared to be due to both 
suppression of cell proliferation of splenocytes and lymph 
node cells and cytotoxicity to splenocytes in the presence 
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of parasite extract. It thus fortifies the concept of hypore
sponsiveness and provides evidences for mechanism(s) 
through which the parasite may bring about this hypore
sponsiveness in the host. The present findings show a sig
nificant correlation between DNA damage/cell proliferative 
response and the chronicity of infection, and this may re
flect in turn on the development of hyporesponsiveness in 
the host. 

In conclusion, the present findings suggest that in chronic 
infection in M. coucha, the parasite products may cause 
suppression of cell-proliferative responses and cytotoxic
itylDNA damage in lymphocytes/splenocytes, and this may 
collectively contribute to the development of hyporespon
siveness of the host. 
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