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of the ventricle of am>hibians has been reported by
Johansen and Hansen®.

Among reptiles, Calotes and Geomvyda do not
show significant variations in glycogen content of
ventricular myocardium. Unlike Lissemy's, which 1s a
diving form, Calotes and Geomyda do not confront
prolonged anovia and may not be in need of large
stores of glycogen. However, significant chamberwise
variations arc observed in the myocardium of
Lissemys. In the present study, the highest glycogen
values were obtained for the myocardium of
Lissemys, followed by that of Rana, which are diving
forms. High glycogen has also been reported for the
myocardium of another diving turtle, Chrysemys
picta bellid. Clark and Miller? attributed the
anacrobic survival of the freshwater turtle Pseudomys
scripta elegans to low metabolic requirement and
capacity for sustained anaerobic glycolysis. Reeves®
has shown that turtle hearts are capable of
tolerating sustained anaerobiosis for prolonged
periods, with glycogen the preferred substrate for
myocardial energy supply.

In general, glycogen content of myocardium of
birds and mammals are lower. No significant
variations in glycogen level have been observed
between Gallus and Columba. In fact, the myocardium
of both species shows an oxidative type of meta-
bolism, as evidenced by higher SDH activity with
lipid as fuel'®, Interestingly, the flying form Pteropus
showed a much lower glycogen content than the less
active and domesticated form Capra. High phospho-
rylase activity has been shown in the myocardium of
Pieropus't. Probably, being a flytng mammal,
Pteropus needs greater glycogen turnover than
Capra. Further, diurnal dormancy and subseguent
bradycardia are generally observed in bats!?
Pteropus also exhibits diurnal dormancy, and
probably its myocardium depends on glycogen
metabolism for energy as a result of physiological
adaptation to daily torpor.
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MUTAGENIC POTENTIAL OF HUMAN KALA-
AZAR HAEMOFLAGELLATE IN MOUSE

G. K. MANNA and A. K. SARKAR

Department of Zoology, University of Kalyani,
Kalyani 741 235, India

WHILE the mutagenic potential of numerous che-
mical and physical agents in mice and other
mammalian models is an established fact, the idea of
microbes like viruses, mycoplasma, bacteria and
fungi imperfecti acting as ‘living mutagens’ has also
been proposed and examined!~7. Protozoans have
not been similarly examined®. This communication
extends the study to a protozoan parasite.

Leishmania donovani, the human kala-azar para-
site, was cultured in diphasic Tobi’'s solid slant
medium? and isolated in phosphate buffer, pH 7.2.
One ml of a suspension contaming approximately
§x 107 parasites was injected intraperitoneally into
Swiss albino mice (body weight about 20 g). Control
mice, from the same stock, were given 1ml of
phosphate buffer, The parameters used to test the
mutagenic potential of L. donovani in mouse were
bone marrow chromosome aberrations, micronucleus
test (MNT), frequency of sperm with abnormal head
morphology and sperm depletion effect.

Bone marrow chromosome preparations were
made 6h and 24 h after injection following the
standard colchicine—sodium citrate—acetic alcohol-
flame drying-Giemsa staining schedule!®. Two
hundred metaphases from control and parasite-
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injected mice were examined for chromosome
aberrations.

For MNT, bone marrow was collected 24 h after
the injection in 1% sodium citrate solution. Unfixed
cell suspension from bone marrow was smeared on a
clean grease-free slide, stained first in May—Grunwald
stock solution for 3 min, immediately followed by
staining again in distilled water-diluted May-
Grunwald stain (1:1) for 2 min, and then finally
stained further with diluted Giemsa stain (1:6,
pH 6.8) for 10 min'®, The stained slide was rinsed
with water and air-dried. The frequency of micro-
nucleated erythrocytes in 2000 poly- (bluish texture)
and normochromatic (reddish texture) forms per
mouse was assessed.

Sperm samples were prepared by squeezing out
sperm from the tubules of epididymis of each side
into 2 ml of distilled water. The sperm suspension
was filtered through silk cloth to remove debris and
the filirate was mixed with more distilled water to
make it up to 8 ml (ref. 10). The sperm suspension
was smeared on a clean slide, air-dried, stained in
distilled water-diluted Giemsa stain {1:20, pH 6.8),
and finally air-dried'®. The frequency of sperm with
abnormal head morphology in 2000 sperm per male
mouse was assessed. The same sperm suspension
samples were used for sperm depletion test. Drops of
the suspension were placed in five grooves of a
Neubauer slide and the number of sperm in each
groove was counted. The mean number was arrived
at from five replicas of epididymis of each side.

The bone marrow cells of control mice had a very
limited range of types of aberrations. True break
types were practically absent. There were quite a
number of cases of precocious centromeric separation
and some grossly affected metaphases. The total
aberration frequency from 400 metaphases (6 h and
24h) was 82%, and only 1.5% (comprising 1

acentric fragment and 5 polyploids) had some
genetic significance (table 1). On the other hand, in
parasite-injected mice, the bone marrow chromosome
aberrations were in the form of subchromatid
(figure 1) and chromatid breaks {figure 2), acentric
fragment (figure 2), translocations like ring (figure 1),
centric fusion (figure 3), physiological gap and
constriction, precocious c¢entromeric separations
(figure 2), etc. among individual chromosome
anomalies, while the grossly affected metaphases
included polyploidy (figure 4), aneuploidy, pycnosis,
stickiness, etc. (table 1). Among individual chromo-
some anomalies, precocious centromeric separation
was most common (table 1), and occurred over-
whelmingly in chromosomes of group V, as found
elsewhere!!, Injection of L. donovani induced
strikingly high increase in frequency of chromosome
aberrations (table 1).

The micronucleus test showed one micronucleus
per micronucleated bluish polychromatic (figure 5)
and reddish normochromatic (figures 7, 8) erythro-
cytes; rarely two micronuclei were seen (figure 6). In
samples from control mice, 4 out of 4000 polychro-
matic erythrocytes examined (0.1%) were micro-
nucleated while there was none in 4000 normo-
chromatic erythrocytes, giving a mean frequency of
0.05%. On the other hand, in L. donovani-treated
mice, 32 out of 4000 polychromatic erythrocytes
{0.8%) and 9 out of 4000 normochromatic erythro-
cytes (0.22%) were micronucleated, giving an
average frequency of 0.51%.

Sperm samples from male mice were examined at
6 and 24 h after injection. Thirty-two out of 2000
sperm (1.6%) were abnormal in head morphology
(figures 10-12; compare with figure 9) in samples
from control male mice and 248 out of 2000 (12.4%)
in samples from parasite-injected mice 6 h after
injection. At 24 h the frequency of abnormal sperm

Table 1 Chromosome aberrations in bone marrow cells of normal and L. donovani-injected Swiss albino mice

No.of No. of Total

Time meta- meta- Individual types Gross types  aber-

after phase phase " rations
injection Group counted aflected Scb Cb Al Tr C&G Pcs  Number Other (No.) (%)
6 h Control 200 17 — _ - - —_— 14 2 ] 17 8.5
Treated 200 50 3 8 2 — 3 30 4 5 55 215
24h Control 200 15 — — 1 — —_ 9 3 3 16 80
Treated 200 44 p 6 4 4 8 17 1 10 58 290
Total Control 400 32 — — 1 —_ Y 23 5 4 33 82
Treated 400 94 h 14 6 4 11 47 1l 15 113 282

Scb, Subchromatid; Cb, chromatid break; Al, acentric fragment; Tr, translocations and nng, C & G, physiologwal gap and

constriction; Pcs, precocious centromeric separation.
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Figures 1-4. Bone marrow chromosome aberrations induced by L. donovani 1n Swiss albino mice:
1, a ring and a subchromatid break; 2, a chromatid break, an acentric fragment and precocious
centromeric dissociation in a group V chromosome; 3, a centric fusion; 4, a polyploid metaphase.

was 1.5% (30/2000) in control and 18.9% (378/2000) 6 h, and 096 and 0.84 at 24 h in the right and left
in parasite-injected mice. epididymes of L. donovani-injected mice. This

The mean number of sperm was 1.2 and 1.1 at 6h, indicates some sperm depletion In the parasite-
and 1.2 and 1.6 at 24 h in right and left epididymes injected mice.

respectively of control males, but 0.84 and 0.84 at It has been recommended!? that to consider an

Figures 5-8. Micronucleated erythrocytes from L. donovani-injected mice.
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Figures 9-12. Normal sperm (9) and sperm with abnormal head (10-12) from L. donovani-injected

male mice.

agent as mutagenic, posttive result in more than one
test 1S desired. In the present study results were
posttive with regard to bone marrow chromosome
aberration frequency, MNT and frequency of
abnormal sperm. Although injection of L. donovani
did not bring about a marked sperm depletion effect,
it is reasonable to suggest a mutagenic potential for
L. donovani in mouse. Therefore the present study
extends the concept of ‘living mutagens’, claimed
earlter for viruses, bacteria and fungi, to a protozoan
parasite. However, the precise mechanism by which
L. dorovani may act as a mutagenic agent is
unknown. It has been shown®?® that toxins and
vaccines can act as clastogentc agents. However, this
must be carefully verified.

It 1s debated whether sperm head morphology is
under genetic control but the i1dea is favoured by
Wyrobek!S. The effect was found in F; and F,
generations of mice treated with chemicals, bacteria
and fungi® 8. Use of sperm head morphology as a
criterion in mutagenicity testing has been adopted
by many workers. Chromosome aberrations have
remained the most authentic indicator of mutageni-
city!®*. MNT has also become a standard technique
and is used widely.

The authors are indebted to Dr Amal Bhattacharya,
Department of Zoology, University of Calcutta for
providing a sample of Leishmania donovani and to
CSIR, New Delhi, for financial assistance to GKM.

23 February 1988

I. Aula, P, Biologica, 1965, 89, 178.
2. Bartsch, H. D., In: Chemical mutagenesis in

N AW

10.

11.

12.

13.

mammals and man, (eds) F. Vogel and G.
Rohrborn, Springer-Verlag, Berlin, Heidelberg,
New York, 1970, p. 420.

Manna, G. K., Presidential address, 43rd Annual
Session Nat. Acad. Sci. India, Sect. Biology,
Jodhpur, 1973, p. 1.

Manna, G. K., In: Nat. Acad. Sci. India, Golder
Jubilee Commemoration Volume, (ed) U. S. Srivas-
tava, Naya Prakash, Calcutta, 1980, p. 573.
Manna, G. K., Curr. Sci., 1982, 51, 1087.
Manna, G. K., Nucleus, 1986, 29, 141.

Manna, G. K., Proc. Int. Symp. on Recent Trends
in Cytogenetical Res., In: Advances'in Cytology
and Genetics, (ed.) V. S. Bhatnagar, Allahabad
Univ., 1987, p. 135.

. Manna, G. K. and Panda, J. K. Perspectives in

Cytology and Genetics, (eds) G. K. Manna and
U. Smmha, All India Cong. Cytol. Genet. Publ,
Kalyani, 1989, vol. 6, p. 607.

. Taylor, F. A. E. and Baker, J. R, The cultivation

of parasite in vitro., Blackwell, Oxford, England,
1968.

Manna, G. K, Lab mannual of instructional
workshop on perspectives on chromosome re-
search, Botany Department, Calcutta University,
1985, p. 55.

Manna, G. K. and Chatterjee, G. K., Curr. Sci,,
1987, 56, 759.

Bochkov, N. P., Sram, R. J,, Kuleshov, N. P. and
Zhurkov, V. S., Mutat. Res., 1976, 38, 191.
Wyrobek, A. )., Genetica, 1979, 91, 105.

Hsu, T. C,, In: Cytogenetic assays of environ-
mental mutagens, (ed) T. C. Hsu, Allanheld,
USA, 1982, p. 1.




