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growth from spores was disrupted at less than 90% rela-
tive humidity and germination occurred readily 1n total
darkness than under normal conditions™. The reason for
the isolation of well-documented, highly sporulating
specics in the present study may be due to the 1solation
technique used, viz. the dilution plate technique. There
ts a possibility that many slow-growing fungi belonging
to Bastdiomycetes might have been eliminated by using
this technique.
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Evaluation of two in vitro test systems
employing Brugia malayi parasite for
prescreening of potential antifilarials
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In the present study, we employed adult worms and
microfilariae of the human filarial parasite, Brugia
malayi, in two in vitro systems and evaluated the
suitability of the systems as prescreens for identify-
Ing potential antifilarials. A total of 38 new synthetic
compounds and 19 plant products that were found
active or Iinactive in Acanthocheilonema viteae-
Mastomys coucha (rodent filariid in rodent host)
and/or B. malayi-M. coucha (human filariid in ro-
dent host) models, were tested in the in viftro systems
using inhibition of worm motility (motility assay) and
inhibition of MTT reduction potential (MTT assay)
of the parasite as test parameters. Two known antifi-
larials, ivermectin and diethylcarbamazine, were
included as standards. All (100%) the synthetic and
plant products that were active in B. malayi-M.
coucha model were also found active in the in vitro
systems: About 82% and 20% of synthetic and plant
products respectively that were active in A. vifeae-M.
coucha system were positive and 87.5% of the syn-
thetic products and 9% of the plant products found
inactive in A, viteae-M. coucha system were also
positive in the in vifro systems. The results show that
plant products showing LC;), in the range of
31.25 pg/ml to 62.5 pg/ml in the in vitro systems can
be considered as potential antifilarials and followed-
up In in vivo assay systems. It is concluded that the
motility and MTT assays using both the life forms of
B. malayi are reliable prescreens with high predictive
value; both the assays are necessary for screening
synthetic compounds whereas the motility assay us-
ing adult worms alone appears sufficient for screen-
ing plant products.

IN our antifilarial drug development programme, animal
models of rodent and human filarial parasites
(Acanthocheilonema viteae in Mastomys coucha and
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Brugia malayi in M. coucha, respectively) are currently

these in vivo models require large quantities of the test
compounds, are time-consuming (40-90 days of obser-
vation period before end-point determination) and are
therefore uneconomical especially for primary screening
of large number of new products. Attempts were made
by several 1investigators to develop in vitro systems em-
ploying rodent filariids and use them as prescreens'™.
Among these, the motility assay and the MTT [3-(4,5
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide]
assay are two well-characterized in vitro systems that
employ rodent filariids as targets®. Inhibition of worm
motility and 1nhibition of the live parasite’s electron
transport pathway that catalyses the reduction of MTT
to formazan, are the end points used in both the assays.
However, 1t was found that the responses shown by
the rodent filariid A. viteae used in the systems were not
comparable to those of the human filariid B. malayi,
since subsequent in vivo testing using B. malayi did not
always yield the predicted result. Therefore, in the pres-
ent study, with the objective of developing and validat-
ing human filarial parasite based in vitro systems, we
employed adult worms and microfilariae of B. malayi in
the motility and MTT assays and evaluated the suitabil-
ity and predictive value of the systems as prescreens.
For this, two standard antifilarials ivermectin and di-
ethylcarbamazine citrate (DEC), and several new prod-
ucts 1dentified earlier as positive or negative in in vivo
assays were tested 1n the two in vitro systems of B. ma-
layi and the degree of concordance between the results
in these (n vitro systems and in the A. viteae-M. coucha
and B. malayi-M. coucha in vivo systems was analysed.

The new products included 38 synthetic compounds and

19 plant products that showed positive or negative an-
tifilarial activity in A. viteae-M. coucha and/or B. ma-
layi-M. coucha primary screens.

Adult worms (both sexes) and microfilariae (mf) of B.
malayt were recovered from peritoneal cavity of the jird,
Meriones unguiculatus harbouring 5-8-month-old in-
fection, as described elsewhere’. The medium in which
the adult worms and mf were washed thoroughly before
use was RPMI-1640 (Sigma Chemical Co., St Louis)
containing 25 mM Hepes, streptomycin (100 pg/ml) and
nenicillin (100 U/ml) and 10% heat inactivated foetal
calf serum (Sigma Chemical Co., St. Louis). The final
pH of the medium was adjusted to 7.4.

Synthetic products belonging to different chemical
classes (aminothiadiazoles, 3; azalactones, 2; benzimi-
dazoles, 2; benzopyrones, 2; f3-carbolincs, 16; cyclic
guanidines, 2; diethylthiocarbamate, 1; hydramino alkyl
ether of carbamate, 1; imidazolone, I; polyamines, 6,
pyrazole, 1 and substituted sugar, 1) and plant products
were prepared at the Central Drug Research Institute
(CDRI). These included two benzimidazole derivatives
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+ 82/437 and 81/504 and one plant product from the stem
employed as primary and secondary screens. However,

bark of Streblus asper (plant #3234), that have recently
been reported to be potent antifilarials'®'2,

Synthetic test compounds and the standard antifilari-
als, diethylcarbamazine (DEC) and ivermectin, were
dissolved in DMSO or distilled ethanol and plant prod-
ucts were dissolved in ethanol. The synthetic compound
solutions were made up with the medium to give a final
concentration of 100 uM. For plant products, serial two-
fold dilutions in the medium starting from 1 mg/ml to
0.001 pg/ml were used. The final concentration of
DMSO/ethanol in the incubation medium was less than
0.1%.

The motility assay of Comely er al.'> was used with
minor modifications and employing B. malayi in place
of A. viteae as the target parasite. One male and one
female adult worm were placed in 1 ml medium into
each well of the sterile 24-well flat bottom culture plates
(Laxbro, India) and equilibrated to 37°C for 1 h before
experimentation. Test/standard substance was added at
the final concentration specified above. Control wells
received equal amount of vehicle only. Three replicates
were set up for each test/standard or control. The plates
were incubated at 37°C for 4-24 h. The worms were
examined under a stereo zoom microscope (Olympus,
Japan) after 1, 2, 3, 4 and 24 h of incubation and the
condition of the worms was scored as active (3+), slug-
gish (2+), paralysed (1+) and dead (0). Female parasites
were teased 1n medium and condition of mf in the uteri
was examined to see the effect of compound on mf, if
any,

The MTT assay was performed essentially as de-
scribed by Comley et al.” except that B. malayi was
used 1n place of A. viteae as the target parasite. The
worms were incubated in medium containing test sub-
stance/vehicle as described above for motility assay.
After 4 and 24 h of incubation, the medium was re-
moved and the worms were tncubated in a fresh medium
without the test compounds for 1 h at 37°C. The worms
were then gently blotted and transferred to 0.1 ml of
0.5% solutton of millipore-filtered (pore size: 0.22 tm)
MTT [3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide; Sigma Chemical Co., St. Louis] in
0.0 M phosphate-buffered saline (pH 7.2) and incu-
bated for 1 h at 37°C. The formazan formed was cx-
tracted in I mlofl DMSOfor 1 h at 37°C and the
absorbance of the formazan was measured at 510 nim in
a spectrophotometer (Spectromic 3000, Milton Roy,
USA) against DMSO blank., The mean absorbance val-
ucs obtatned from 3 replicates were compared with con-
trols. Inhibition in the MTT reduction potential of the
parasites was calculated and expressed as per cent of
control values following the method of Comley er al.'?,

A synthetic compound producing a mottlity score of
[+ or (J and morc than 25% tnhibition in MTT reduction
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Table 1. Activity of different categorics of synthetic compounds against adult worms and microfilariae of 8. malayi in
in vitro assays

_._-——-—_-_—-—_H-—-u_——-—————-——_—____ﬂ_________—___________

Compounds active
against A, viteue
in vivo (n = 22)

In-vitro assay

Compounds inactive

Compounds active
against A, viteae
8. malayi in vivo (n = 8)

against A. vireae
in vive (n = 8)

system and No. of compounds No. of compounds No. of compounds

B. malayi life active in vitro active in vitro active in vitro

form(s) against B. malayi* Yo against B. malayi o against B. malayi %
Motility assay

Male + female + mf 16 72.7 4 50 7 87.5
Male + mf 16 12.7 3 37.5 7 87.5
Female + mf 14 63.6 4 50 6 750
mf 6 27.3 0 0 2 25.0
Male + female 14 63.6 4 50 7 87.5
Male 14 63.6 3 37.5 7 87.5
Female 12 54.5 2 25 6 75
MTT assay

Male + female + mf 10 45.4 4 50 4 50
Male + mf ) 22.7 3 37.5 3 37.5
Female + mf 9 40.9 3 37.5 4 50
mf 2 9.1 2 25 2 25
Male + female 8 36.4 3 37.5 2 25
Male 2 9.1 2 25 I 12.5
Female 7 31.8 2 25 2 25
Motility and/or MTT

Male + female + mf 18 81.8 7 87.5 8 100
Male + mf 17 77.3 6 75 8 100
Female + mf 15 68.2 6 75 7 87.5
mf 8 36.4 2 25 4 50
Male + female 16 72.7 6 73 7 87.5
Male 15 68.2 4 50 7 87.5
Female 14 63.6 5 62.5 6 71.4

*Parasite forms were incubated in the medium containing 100 pumole of the test compound for 24 h and the antifilarial

activity was determined as described in the article.

iIs considered as a positive antifilarial compound. For
plant products, the concentration of the substance which
produces 100% worm mortality (LC,qp) in the motility
assay and more than 25% inhibition in MTT reduction,
was taken into account to categorize the substance as a
positive antifilarial.

In vivo antifilarial activity of the substances was as-
sayed in the A. viteae-M. coucha and B. malayi-M.
coucha models developed and routinely used in our
laboratory'®, Test products were administered to the
animals orally at standard dose levels following the
protocol described elsewhere'"'*'>* Evaluation of antifi-
larial efficacy was done following the method of Chat-
terjee et al.'* and Lammler et al.'®.

In the present study, the choice of motility and MTT
reduction potential of parasites as indicators of viability
is dictated by the relative ease with which the end-points
can be monitored to obtain semi-quantitative (motility

1086

assay) and quantitative (MTT assay) information. Rees
and Comley'’and Comley ef al.'® have reported that
MTT reduction assay could be correlated with bio-
chemical parameters related to viability of parasites. In
both the assay systems, a short incubation of 4-24 h was
used since prolonged in vitro incubation of parasites In
the medium affects their viability (data not shown).
Table 1 gives the response of the two in vitro B. ma-
layi systems to synthetic compounds that showed either
positive or negative antifilarial activity in A. viteae-M.
coucha and/or B. malayi-M. coucha systems. Of the 22
compounds which were active against A. viteae in vivo,
12 (54.5%) and 14 (63.6%) were positive in motility
assay against female and male B. malayi, respectively.
In MTT assay, 7 (31.8%) and 2 (9.1%) compounds were
positive against female and male parasites, respectively.
Against mf of B. malayi, 6 (27.3%) compounds were
positive in motility assay and 2 (9.1%) in MTT assay.

CURRENT SCIENCE, VOL. 77, NO. 8, 25 OCTOBER 1999



Table 2. In vitro and in vivo antifilarial activity of plant products that were active in A. viteae—-M. couchyg model against

RESEARCH COMMUNICATIONS

B. malayi
LCioo (Lg/mi) Activity in
Product ——  B. malayi-
code Assay Female worm Male worm Microfilariae M. coucha
no. system 4 h 24 h 4 h 24 h 4 h 24 h system*
4047 Motility 500 250 500 250 500 125 Negative
MTT >500 62.5 >500 62.5 >500 62.5
4029 Motility 500 250 500 250 250 62.5 Negative
| MTT >500 250 >500 15.6 >3500 250
4054 Motility 500 125 500 125 500 62.5 Negative
MTT >500 125 >500 125 >500 125
3989 Motility 500 62.5 500 62.5 500 31.2 Negative
MTT >500 125 >500 125 >500 62.5
3912 Motility 62.5 7.8 62.5 7.8 31.2 7.8 Positive
MTT >500 125 >500 125 250 62.5
3975 Motility 500 125 500 125 250 62.5 Positive
MTT >500 15.6 >500 15.6 500 31.2
4034 Motility 500 62.5 250 62.5 250 31.2 Negative
MTT >3500 15.6 >500 62.5 >500 250
- 3966 Motility 125 15.6 125 62.5 125 15.6 Positive
MTT 250 125 250 62.5 500 62.5
4050 Motility 500 125 500 62.5 250 62.5 Negative
MTT >500 62.5 >500 62.5 >500 31.2
3234 Motility 62.5 3.9 62.5 3.9 15.6 3.9 Positive
MTT 250 7.8 125 7.8 62.5 7.8

*Each product was tested in a group of 4-5 B. malayi-infected animals. An equal number of untreated infected animals

served as control.

The number of positive compounds picked up by any of
the two assay systems increased (to 18 compounds,
81.8%) 1f adult worms of both sexes along with mf were
used as targets, but not when mf was used in combina-
tion with either sex alone.

Of the 8 compounds that were inactive against A.
viteae in vivo, 7 (87.5%) showed positive antifilarial
activity in both motility and MTT assays employing B.
malayi worms of both sexes in combination with mf.
However, only 50% of the compounds were positive in
either test alone. Therefore, 1t 1s clear that the in vitro B.
malayi assay systems also identify positive activity for
87.5% of the compounds that was not detected by the A.
viteae-M. coucha system. All the 8 compounds that
were positive in the B. malayi-M. coucha system were
positive (100%) in the in vitro B. malayi systems when
all the three life forms of the parasite were employed.
However, when adult worms of a single sex in combina-
tion with mf were employed, 7 of these compounds were
posttive when motility and MTT assays were considered
together. Thus, while the motility assay performed better
than MTT assay when adult worm of a single sex and mf
were used as targets, the MTT assay could pick up only
50% ot the test substances as positive even when both
the sexes of worms and mf were used as targets., The
standard antifilarial 1vermectin showed activity in both
MTT and motility assays against both the life forms of
the parasite, whereas DEC showed no activity against

CURRENT SCIENCE, YOL. 77, NO. 8, 25 OCTOBER 1999

any parasite stage in these assays. This is as expected
since 1n man, both ivermectin and DEC are known mi-
crofilaricides with virtually no effect on adult para-
site’”*°, On the contrary, in the animal model with B.
malayi infection, a very high concentration of ivermec-
tin was required to kill the adult parasites®'. In in vitro
motility and MTT assays, ivermectin exhibited activity
against both adult parasites and mf, indicating useful-
ness of the human parasite in these two in vitro systems.

The lack of any effect of DEC in the present in vitro

systems further validates the reliability of the systems,
since DEC does not have any direct filaricidal activity
and acts through the immune system of the host*,
Tables 2 and 3 show the in vitro effect of plant mate-
rials (previously found active or inactive in in vivo sys-
tems) on the motility and MTT reduction potential of
adult parasites (male and female) and mf of B. malayi.
Among the 10 plant products found active in A. vireae~
M. coucha, 2 products (#3912 and #3234) killed adult
worms and/or mf of B. malayi in vitro in the dose range
of 15.63-62.5 ug/ml within 4 h of incubation (Table 2).
Increasing the incubation time to 24 h produced 4 to 16
times decrease in the LCigo. In all instances, the changes
induced 1n female worms by the test substance equally
affected the mf in uteri of the worms, These two prod-
ucts showed adulticidal activity in the B. malayi-Al.
coucha model also. Another product (#3966) active 1n
A. viteae-M. coucha, however, showed LCip of

10037
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Table 3. /n vitro activity of A, viteae-M. coucha inactive plant products against different life forms

of B. malayi
LCio0 (g/ml)
Product — — i
code Assay Female worm Male worm Microfilanae
no. system 4 h 24 h 4 h 24 h 4 h 24 h
4004 Motility 500 250 500 500 500 125
MTT >500 >500 >300 >500 >500 500
4001 Motility 500 125 500 125 250 62.5
MTT >500 >500 >500 >500 500 500
3961 Motility >500 250 >500 250 >300 31.2
MTT >3500 >300 >500 >3500 >300 250
4016 Motility 500 2350 500 125 500 62.5
MTT >500 >500 >3500 >500 500 250
4069 Motility >500 250 500 250 >500 125
MTT >500 500 >500 500 >500 500
3952 Motility 500 500 500 500 500 250
MTT >500 >500 >500 >500 >500 500
3635 Motlity >500 250 >500 250 >300 62.5
MTT >500 125 >500 125 >3500 125
3924 Motility 62.5 31.2 500 125 500 125
MTT 250 125 >500 250 >300 125
3985 Moftility 250 62.5 500 125 500 125
MTT 300 250 500 250 >500 62.5

125 pg/ml at 4 h and 15.6 to 62.5 ug/ml at 24 h in vitro
for adult parasites or mf. The L.C,oo for the remaining 7
products was between 250 and 500 pug/ml, and they were
inactive also 1n vivo. With the exception of product
#3234 which inhibited MTT reduction by male worms
and mf at 125 pug/ml and 62.5 pg/ml within 4 h of expo-
sure, respectively, none of the plant products showed
any effect on MTT reduction potential within 4 h of in-
cubation even at 250 pug/ml concentration. However, the
dose level required to produce a 25% inhibition of MTT
reduction by 24 h was between 15.6 and 250 pg/ml.

One (#3924) out of 9 products found inactive in A.
viteae-M. coucha produced inhibition of female parasite
motility at 62.5 pg/ml by 4 h and 31.25 ug/ml by 24 h
(Table 3). However, male worms and mf required a
much higher dose to produce the same effect at 4 or 24 h
time point. The motility of worms and mf was not af-
fected at 4 h time point by any of the test substances
below 500 ug/ml concentration. At 24 h time. point,
however, there was reduction in motility at dose levels
between 125 and 250 ug/ml. Similarly, the dose re-
quirement for suppression of MTT reduction increased
with incubation time, and excepting #3985, which in-
hibited MTT reduction by mf at 62.5 pug/ml, none of the
substances inhibited MTT reduction by males, females
or mf at concentrations below 125 pg/ml at 24 h time
point. At 4 h time point, MTT reduction by all the
parasite forms remained almost unaffected even at
500 ug/ml concentration.

The results show that the use of both sexes of adult
parasites as well as mf enhances the utility of the in vi-
tro systems and ensures that chances of missing of prod-
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ucts with antifilarial potential will be less. Use of mf
alone 1s not suitable since i1t detected only a small num-
ber of products as active. Comley et al.'®, using A.
viteae in an in vitro system, found that a larger percent-
age of compounds could be picked up if both adult para-
site motility and mf release from female worms were
taken as parameters for evaluation of antifilarial effi-
cacy. However, Mukherjee et al.® employing A. viteae
reported that mf alone was sufficient for this purpose,
but their comparison was limited to compounds tested in
the A. viteae—-M. coucha system only and therefore, 1t
may not be applicable to the response in the B. malayi-
M. coucha system. Interestingly, in the present study a
very large percentage of in vivo A, viteae activé syn-
thetic compounds showed positive activity against B.
malayi in vitro when both the life forms (adults of both
sexes and mf) were the targets and when MTT and mo-
tility assay results were taken together. This combina-
tion of the parasite stages also Increased the positivity
rate of in vive A. viteae-inactive compounds to a consid-
erable extent.

Thus, the B. malayi-based in vitro systems reported
and evaluated in the present study show robust predic-
tive value as antifilarial prescreens. Both the motility
and MTT assays are necessary for reliable prescreening
of synthetic agents whereas the motility assay alone ap-
pears to be sufficient for plant products. In either case,
however, use of both the life-stages of the parasite,
namely mf and adults of B. malayi, 1s preferred to a
single life-stage. The optimum duration ot drug expo-
sure in these test systems was found to be 4 and 24 h for
plant and synthetic products, respectively. Very high

CURRENT SCIENCE, VOL. 77, NO. 8, 25 OCTOBER 1999



percentage of negative response (75-87.5%) was given
by MTT assay when male or female worms were used in
the test whereas very small number (12.5-25%) of com-
pounds showed negative response in the motility assay
with male or female parasites as targets. When male
and/or female adults plus mf were used as targets, both
the assays increased the detection rate (positivity rate) to
a great extent (up to 87.5%). The present study also re-
veals that those compounds that show LCg at or below
02.5 pg/ml in in vitro assay systems can be considered as
potential agents for follow-up in in vivo assay system.

In conclusion, the predictive value of the in vitro SYys-
tems using the human parasite B. malayi was found to be
very high as all (100%) the synthetic and plant products
that were active in the B. malayi-M. coucha model were
also found active in the in vitro systems. Moreover,
87.5% of the synthetic products and 9% of the plant
products which were tnactive in the A, viteae~M. coucha
system were also picked up by the present in vitro sys-
tems as positive indicating that there are fewer chances
of missing the activity of potential antifilarials in the B.
malayi in vitro systems. These findings clearly show
that the B. malayi-based MTT and motility assays can
be employed as reliable prescreens for evaluating antifi-
larial activity of new products,

_ —

1. Kobayashi, J., Matsuda, H., Fujita, K., Sakai, T. and Shinoda,
K., Jpn. J. Parasitol., 1969, 18, 563-574,

2. Moreau, J. P, J. and Qutin-Fabre, D., Bull. Soc. Pathol. Exotol.,

1972, 65, 93..

3. Moreau, J. P J. and Qutin-Fabre, D., Variete Pucifica, 1972,

65, 93-93.

4. Denham, D. A, Suswillo, R, R., Rogers, R. and Nelson, G. S.,
Trans. R. Soc. Trop. Med. Hyg., 1978, 72, 615-618,
. Denham, D. A., J. Helminthol,, 1979, §3, 173-187.. -
. Jenkins, D. C, and Court, J. P., WHO document TDR/FIL/SWG
(5)/80, Working paper No, 8, 1980.
7. Singh, D. P., Mishra, S. and Chatter)ee R. K., Jpn. J. Exp.
Med 1690, 60 303-309.
8. Mukherjee, M., Misra, S. and Chatterjee, R. K., Acta Trop.,
1998, 70, 251-255.
9. Murthy, P. K., Murthy, P. S. R,, Tyagi, K. and Chatterjee, R. K.,
Folia Parusitol., 1997, 44, 302-304.

10. Abuzar, Sharma, S., Fatma, N., Gupta, S., Murthy, P. K,
Kauyar, J. C., Chatterjee, R. K. and Sen, A. B., /. Med. Chem.,
1986, 29, 1296-1299.

11. Fatma, N., Sharma, S. and Chatterjee, R. K., Acta Trop., 1989,
46, 311-321.

12. Chatterjee, R. K., Fatma, N., Murthy, P. K., Sinha, P,
Kulshreshtha, D. K. and Dhawan, B. N., Drug Dev. Res., 1992,
26, 67-78.

13, Comley, J. C. W., Rees, M. 1., Turner, C. H. and Jenkins, D. C,,
Int. J. Parusitol,, 1989, 19, 77-83,

14. Murthy, P. K., Tyagi, K., Roy Chowdhury, T. K. and Sen, A, B,
Indian J. Med, Res., 1983, 77, 623-630.

i1S. Tyagi, K., Murthy, P. K. and Chatterjee, R. K., Indian J. Parasi-
10l., 1986, 10, 195-208.

16. Lammler, G., Herzog, H. and Schultze, H. R., Bull. WHO, 1971,
44, 751-756,

17. Rees, M. ). and Comley, J. C. W., Trop. Med. Puarasitol., 1988,
39, 80~81.

O\ LA

CURRENT SCIENCE, VOL. 77, NO. 8, 25 OCTOBER 1999

RESEARCH COMMUNICATIONS

18. Comley, J. C. W., Townson, S., Rees, M. J. and Dobinson, A.,
Trop, Med. Parasitol., 1989, 40, 311-316.

19. Ottesen, E. A,, Rev. Infect. Dis., 1985, 7, 341-356.
20. Kumaraswami, V., Ottesen, E. A., Vijayasekaran, V., Umadevi,
S., Swaminathan, M. D., Aziz, M. A., Sarma, G. R., Prabhakar;

R. and Tripathy, S. P., J. Am. Med. Assoc., 1988, 259, 3150~
3153.

21. Fatma, N., Murthy, P. K. and Chatterjee, R. K., in Molecular
Biology and Control Strategies (eds Sushil Kumar Sen, A. K.,

Dutta, G. P. and Sharma, R. N.), Publications and Information
Directorate, New Delhi, 1994, pp. 55-64.

22. Misra, §., Singh, D. P., Murthy, P. K. and Chatterjee, R. K.,
Trop. Med., 1990, 32, 33-43.

ACKNOWLEDGEMENTS. We thank Dr C. M. Gupta, Director,

CDRI, for providing necessary facilities for carrying out the studies.

Thanks are due to Mr V. K. Bose and Mr R. C. Rai for technical
assistance.

Received 4 April 1998; revised accepted 27 August 1999

Myxobacterial diversity of Indian
soils - How many species do we have?
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Myxobacteria of tropical soils is an under-explored
bacterial group. We report here the results of sam-
pling in Pune district of Western Ghats. A number of
novel morphotypes were found in forest as well as
urban/semi-urban soils. There was a high level of
floral dissimilarity between habitats. The morpho-
types detected in Pune district also differed from the
northern Indian species recorded earlier. Using a
species individual curve on the Pune, Lucknow and
pooled data, we try to estimate the number of species
that are likely to be present in India. A plausible es-
timate is several fold higher than the species re-
corded worldwide so far,

MICROBIAL diversity is one of the difficult areas of bio-
diversity research. A number of studies'™ have made it
cicar that the number of species of bacteria known to
science 1s only a tip of the iceberg. Majority of bacterial
species have not been studied and described, either be-
cause they are unculturable by the conventional meth-
ods, or because we just have not explored enough, There
1s evidence that a large number of bacterial species are
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