THE CYTOGENETIC EFFECTS OF REPEATED EXPOSURE TO ULTRASONIC
SOUND WAVES IN MICE AND THEIR ALTERATIONS BY A HOMOEOPATHIC
DRUG, ARNICA MONTANA

Surjyo Jyoti Biswas and A.R. Khuda-Bukhsh*

Abstract

Separale sets of healthy mice were directly exposed to sonication (with the aid of
ultrasonic cell disrupter at a frequency of 23 kHz at energy output level of 70) for 2 min. 1 min at
a time with an interval of 1 min. This dose of sonication was repeated at an interval of 20 days, so
that mice sacrificed at 30,60, 75 and 90 days after the initial dose actually received 2, 3, 4 and 5
such doses of sonication, respectively, The genotoxic effects in sonicated mice were assessed
through the study of chromosome aberrations (CA), sperm head anomaly (SHA), and micronucleated
erythrocytes (MNE) as against suitable unsonicated controls, Further, a group of sonicated mice
were orally administered with Arnica Montana-30, a homoeopathic drug commonly used against
shock and injury and the results were compared with another set of succussed alcohol fed controls
(the "vehicle" of the drug being ethyl alcohol). In the sonicated mice, elevated frequencies of CA
(comprising mainly of physiological types), MNE and SHA were noted as compared to that of
unsonicated controls. Correspondingly, the cytogenetical effects in sonicated and drug-fed
(combined) series appeared to be relatively less as compared to succussed alcohol fed sonicated
control, thereby indicating that the homoeopathic drug had positive modifying effect on genotoxicity

produced by ultrasonication. The implications of the results have been discussed.

Introduction

The ultrasonic sound waves are being
increasingly used in biology, medicine for diagnostic
purposes, in physiotherapy, in hyperthermia for cancer
therapy and in non-invasive thermometry of internal
tumors &"2.2  Pregnant women are also often
exposed to periodic ultrasonographic tests. Although
some amount of work has been done for understanding
the biological effects™ of ultrasonication in
mammal*''¢, the effect on mammalian genetic
system in vitro appears to be inadequately studied
and the results have been inconclusive; some authors
suggested no significant effects in in vitro system?.922
while others claimed some positive genotoxic
changes in in vivo'182 system. In the present
investigation an attempt was made to assess the
extent of genotoxic effects of ultrasonication, if any,
in the mammalian model Mus musculus, in vivo. The
other objective of the study was to examine if the
potentized homoeopathic drug Arica Montana-30,
which showed antigenotoxic action against X
irradiation'?, could also favourably modify the harmful
effects of sonication, if any.

Materials and Methods

Healthy Swiss albino mice (Mus musculus)
weighing between 25-30 grams of both sexes served
as materials for the present study.

Experimental design

Batches of 5 mice each were subjected to
whole-body ultrasonic sound waves with the help of
an ultrasonic cell disrupter machine (LSL, SECFROID,
Switzerland) operating at a frequency wave of 23KHz,
and at an energy output level of 70 for a period of 2
min (twice for 1 min each with an interval of 1 min in
between). This dose of sonication was repeated at an
interval of 20 days, so that mice sacrificed at 30, 60,
75 and 90 days after initial dose actually received
2,3,4 and 5 such doses of sonication, respectively.
One batch of sonicated mice was orally administered
with dilute potentized homoeopathic drug, Armica
Montana-30 (procured from HAPCO, Calcutta),
normally used against external and internal shock and
injury. One drop (0.06 ml) of the drug in 90% alcohol
medium was diluted with 10 ml of double distilled water
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for making the "stock solution” of the drug, from which
experimental mice were fed 0.06 ml twice at an interval
of 12h.

Another batch of sonicated mice which served
as controls was fed with dilute "succussed alcohol-
30" (alcohol 30 prepared as per homoeopathic
potentization procedure of giving 10 succussions to
the 90% alcohol "vehicle" of the drug and diluting 1
ml each time with 99 mi of fresh alcohol to increase
one potency); further dilution of alcohol-30 was
followed in the same manner as that of Arnica
Montana-30.

Chromosome aberration study

Mice at all fixation intervals were injected
intraperitoneally with 0.03% colchicine solution @ 1
ml/100g body weight one and a half hours prior to
sacrifice. The conventional citrate-flame-drying-
Giemsa technique was followed for the bone marrow
chromosome preparation.

Micronuclei testine

A part of suspension of bone marrow cells in
1% sodium citrate solution was smeared on clean,
grease free slides. The slides were briefly fixed in
methanol and subsequently stained with May-Grunwald
solution followed by Giemsa staining®.

Sperm head anomaly

Epididymis of each side of the control and
treated male mice was dissected and taken out
separately into 10 ml of 0.87% normal saline. It was
made free of fats, vas deferens and other tissues.
The inner contents were taken out and it was thoroughly
shaken to make the sperm suspend in saline solution.
This suspension was filtered through a silken cloth to
remove debris and was dropped on clean grease free
slides uniformly. The slides were allowed to air-dry
and then stained in dilute Giemsa as per the routine
procedure?’,

Observations

The frequency distribution of various
chromosome aberrations at different fixation intervals
encountered in unsonicated mice, sonicated mice,
sonicated mice fed with alcohol 30 (positive control)
and in sonicated mice fed with the homoeopathic drug
Arnica Montana 30 have been summarized in Table-1
and representative photomicrographs provided (PM 1
to 7). An analysis of the data would reveal that there
was an increase in total aberration frequencies from
30 days through 90 days in the sonicated series as

compared to unsonicated control, and in general the
homoeopathic drug fed mice showed the lowest
frequency of aberrations as compared to that in
sonicated mice and in alcohol-30 fed sonicated mice,
in respect of both the "major" and "other" types of
aberrations (Table 1). Further, in the alcohol-30 fed
sonicated mice there was an abrupt increase of total
aberrations at 90 days. The data on induction of
micronucleated erythrocytes, both NCE and PCE,
have been summarized in table 2 and representative
photomicrograph provided (PM 11); an analysis of the
data would also reveal that the effects of sonication
increased with the lapse of time and that in the drug
fed series the incidence of total number of micronuclei
was the lowest as compared to the other two sonicated
series. The same trend of apparently "cumulative
effect" of sonication was also reflected in the data of
the sperm head anomaly (Table 3, PM 9, 10).

Discussion

Khuda-Bukhsh and Chakrabarti (1998)
reported that even a single dose of ultra-sound
irradiation could produce genotixic effects in mice as
compared to normal unirradiated controls. In the
present investigation, in addition to confirmation of
the earlier findings, it would be revealed that repeated
exposure to ultrasonic sound waves yielded a fairly
appreciable number of chromosome aberrations,
enhanced the induction of micronculeated erythrocytes
and number of sperm with anomalous head shapes;
and that there was a "cumulative action" for repeated
exposure to ultrasonic sound waves. However, several
workers' 352224 did not get elevated frequencies of SCE
in cultured lymphocytes of human being exposed to
ultrasonic sound waves. One the other hand, several
other workers'2'3'5 reported positive effects of
ultrasonic sound waves in lymphocytes of human
beings and in egg lecithin.

The biophysical effects of ultrasound in
aqueous solutions can be categorized as thermal
effects, cavitation, and direct effects'. The mechanism
of action of ultrasound is quite complex, in agueous
media the non-thermal effects of ultrasound is mainly
due to cavitation. The degradation of the cavitation
bubbles produces free radicals'® and induces
temporary local shock waves, on the other hand the
"to and fro" motion of the cavitation bubbles produce
hydrodynamic shearing stress®'. This results in
degradation of DNA in aqueous solution and even
destruction of cells®2¢ . Chatterjee and his coworkers' "
also documented positive changes in enzymes related
to lipid peroxidation and strongly held the view that
ultrasonic irradiation caused cytotoxicity. In the present
investigation the administration of the homoeopathic
drug Arnica Montana-30 reduced the genotoxic effects
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to a considerable extent, for which its use may be
recommended in patients who have to undergo
repeated ultrasonographic tests, either for diagnostic
purpose or as a therapy.

Legends for Photomicrographs (PM):

Photomicrographs of some chromosome
aberrations: PM 1-break (BS), PM 2-ring (RS), PM 3-
terminal association (TA). PM 4- precocious
centromeric separation (PCS) and centric fusion (CF).
PM 5-stretching (STR), PM 6-polyploidy (PP), PM 7-
stickiness; PM 8-normal sperm and PM 9 to 10- sperm
with abnormal head shape; PM 11- erythrocyte with
micronucleus Magnification (Bar represents 10 um).

Acknowledgements

Grateful acknowledgement is due to
University of Kalyani for financial assistance for the
work.

References

1 Ay, WW.Obergoenner, N. Goldenthal, K.L. Corry,
P.M. and Willingham, V.1982. Mutat. Res.103: 315-
320.

2 Baker, M.L. and Dalrymple, G.V. 1978,
Radliology. 126: 479-483.

3 Barnett, S.B. Barnstable, S.M. and Kossoff, G.
1987. J. Ultrasound Med. 6: 637-642.

4 Becher, R. Zimmer, G. Schmidt, C.G. and
Sandberg, A.A. 1983. Am. J. Hum. Genet. 35: 932-
937.

5 Brulfert, A. Ciaravino, V. and Miller, M.W. 1984,
Ultrasound Med. Biot. 10: 309-313.

6 Christensen, D.A. 1983. In: Hyperthermia in
Cancer Therapy pp. 223-232 (Ed. F. K. Storm), G.K.
Hall Medical Publishers, Boston.

7  Ciaravino, V. Brulfert, A. Miller, M.W. Jacobson-
kram, D. and Morgan, W.R. 1985. Science 227: 1349-
1851,

8  Coakley, W.T.and Nyborg, W.L. 1978 In Ultrasound
. Its Applications in Medicine and Biology. (Eds F.J.
Fry) Elsevier, Amsterdam.

9 Dooley, D.A. Child, S.Z. Carstenses, E.L. Miller,
M.W.1983. Ultrasound Med Biol. 9: 379-384.

10 Edmonds, PD. and Sancier, K.M. 19834
Ultrasound Med. Biol. 9: 635-639.

11 Hahn, G.M. Marmor, J.B. and Pounds, D 1981.
Bull. Cancer (Paris), 68: 249-254.

12 Haupt, M. Martin, A.O. Simpson, J.L. lqubal, M.A. '
Elias, S. Dyer, A. and Sabbagha, R.E. 1981. Hum
Genet. 59: 221-226.

13 Hedges, M.J. and Leeman, S. 1979. Int. J. Radiat.
Biol. Relant. Stud. Phys. Chem. Med. 35: 301-311.

14 Hill, C.R. 1968. Br. J. Radiol. 41:561-569.

15 Jana, A.K. Agarwal, S. and Chatterjee, S.N. 1986.
Radiat. Enviornment. Biophys. 25: 309-314.

16 Jana, A.K. Agarwal, S. and Chatterjee, S.N. 1990
Radiation Research124:7-14.

17 Jana, A.K.and Chatterjee, S.N. 1995. Ultranonics
Sonochemistry 2: 87-91.

18 Khuda-Buksh, A.R. Chakraborti, J. 1998. In;
Perspectives in Cytology and Genetics, 9: 333-340.
(Eds. G.K. Manna and S.C. Roy. AICCG Publ).




19 Khuda-Bukhsh, A.R. Goswami, S. Barat, A.
Sadhukhan, G. and Mukherjee, A. 1982. Proc. Sem,
“The effect of Environmental Agents on Genetical
Systems”, Abs. p. 2-3.

20 Kondo, T Arai, S. Kuwabara, M. Yoshi, G. and
Kano, E. 1985. Radiation Research. 104: 284-292,
21 Kremkau, F.W. 1979. J. Clin. Ultrasound
7.287-300.

22 Lundberg, M. Jerominski, L. Livingstone, G.
Kochenour, N. Lee, T. and Fineman, R. 1982,
Am J Med Genet. 11: 31-35.

23 Marmor, J.B. 1983. In: Advances in Radiation
Biology 10: (Eds. J. T. Letter, U.K. Ehman and A.B.
Cox}, Academic Press, New York, 105-133.

24 Miller, M.W. Wolff, S. Filly, R. Cox, C. and
Carstensen, E.L. 1983. Mutation Research
120: 261-268.

25 Miller, M.W. and Brayman, A.A.1997. Ultrasound
Med. Biol. 23: 635-638.

26 Schmid, W. 1976. In: Chemical mutagens;
Principles and Methods for their Detection. (Ed. A.
Hollaender), Vol. 4, Plenum Press, New York.
pp. 31-53.

27 Woyrobek, A.J. Watchmaker, G. and Gordon, L.
1984. In: Hand book of Mutagenicity Test

Procedures, (Eds. B.J. Kilbey, M. Legator, W.
Bichols and C. Ramel), Elsevier, Amsterdam,
Netherlands. pp. 733-750.




