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INSECTICIDE YMPACT ON CONTRACTILE PATTERN OF AMPHIBIAN SKELETAL MUSCLE
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ABSTRACT

Effect of different concentrations of orzanochlorine pesticide (DDT) on twitch properties
of frog gastrocnemius muscle showed significant decrease in the shortening length, twitch duration,
and half contraction time (HCT), and half relaxation tims (HRT), during direct (D3) and jndirect
(IDS) stimulations, indicating inhibitory modulation of DDT on contractile kinetics of the normal
muscle.

INTRODUCTION The muscles were washed 3 to 4 times in amphibian
Ringer® and allowed to stand in fresh Ringer mediumn
HOUGH organochlorine pesticide DDT has been for 10 minutes to recover from the shock effects.
extensively used, the detailed mechanism of its Single muscle twitches were recorde] before and after
action and toxicity remains obscure. DDT is pri- presoaking the muscle for 10 minutes jn 20, 49, 60
marily a neurotoxicant which Inhibits the acetylcho- and 80 ppm DDT mixed in Ringer solution as per the
linesterase activity, leading to atoxia, convulsion and method suggested by Matazaeman Uchida®. Single
eventual paralysis®®, It has also been reported that stimulus of 6 volts D.C. was found to elicii optimal
DDT increases the nerve acetylcholine, not by inhibit-  response for both DS and IDS: this voltage was
ing the enzyme but by ephancing the liberation of considered to be the threshold voltage. The twitch
peurotransmitter from bound reserves, which play properties and the associated contraction kinetics were
a dynamic role in the contraction characteristics of the analysed by using a calibrated kymographic unit'®
excrtable tissues®. Since DDT is known to inhibit  Confractile patterns of the muscle were recorded on
ATPase reacting system® and oxidative metabolism®? smoked paper and the recordings were made perma-
involved in the energy production of the contractile nent jn 2 :1 turpentine-varnish mixture, The ampli-
machinery, an attempt is made in the present investi- tude of contraction or shortening length, twitch dura-
gation, to study the specific modulatory effect of this tion, HCT and HRT were calculated. Average values
organochlorine pesticide, on the twitch properties and  of six analyses were considered for the present study,
related contraction kinetics in the skeletal muscle of

the frog. RESULTS AND DISCUSSION

MATERIALS AND METHODS The twitch properties of gastrocnemius muscle sub-

jected to DS and IDS were analysed from the contrac-

Healthy medium sized frogs, Rana hexadactyla tion pattern recordings (Table 1),
were double pithed and the gastrocnemius muscles Whea ¢ompared to DS, the HCT and HRT decreased
from both the Jegs were excised with least injury. during IDS, indicating that IDS elicits quicker



503

owily uohyexe[al JITH ¢ LYH - 2wl UOTIdBRU0D JIRH  IDH ¢ SuOleAIasqo XIS JO (I'S F ‘UBSWL 3I® SanjeA

Insecticide Impact of Amphibian Skeletal Muscle

100-6>d 100-0 >d 100-0>d 100-0>d 100-¢ ~d 100-0>d
0-0+ it -1+ 1-0F L-1F -1
€-8L £-0 e 8:9¢ £-71 686 L0 9-1 6-0¢t -8 08 RS
100-0>d 100-0 >4 [100-0~d [100-0 ~d 100-0 >d [60-0~d
£-07T g:-CT €17 7.0F 0-7F 9.1
$-98 [0 0-C 8-8¢C IATA £ 8Y1 V-1 S+l €Sy R8¢ 09 R4
[00-0>d 100-0>d 100-0>d 100-0>d 100-0>d 100-0>d
[0+ G-It 6-CF G-17 6+17T b1+
0-€01 81 C+1 6-0t 9-0C 8Vl C-C Ce T V-6v 6-C€ Ov t
100-0>d 100-0 >d 100-0>4d 100-0>>d SN [0G-0>d
¢-0F [-¢F ¢ £ [-0F 8-CF €1+
0-€CT 8-7 €1 0-S¢€ 8:9¢ 1-807 C-¢ P T 809 C-€F 0¢ 'C
1-0F 9:TF 1-TF [-0TF C-CF 6 1F (fonuod)
0-00¢ V€ £+1 [-LS 6-CY ¢-¥1T 9-¢ <1 L+6S PeLy 0-0 T
(955 "w) (033 "w)
uoneInp () LOH (335 ‘w) (088 ") uonzImnp (wd) IDH (039S ‘m) (098 "w) wdd ur
NIAL spiljamy  /LUH LdH LOH Ham ], spmljcry  /1I9H LdH LOH 1aq jo "ON
: — . , e WOURITINOD IS
UONBMWIIS J21Ipuy UCHT[OUI}S 12211

]

Vol 49, No., 13
July 5, 1980

[ —

= P —

SUONIMOs 423Uty L SO SUonnIIuIU02 IUaiaff1p ut payvosasd sapsmu oyl fo IYH ‘IDH ‘uotjvanp yonmy ‘opniyddy

[ 18V ],



S04

Insecticide Iimpact of Amphibian Skeletal Muscle

Qurrent
Science

TAsLE T

Per cont d fecnce of varioas contiaction kinetc paranseters for IDS over DS of the muscles presoaked in
d:flerent concentratons of DDT-Ringer solutions.

wapy 'Y —_

Con.entration of Twitch

Si. Ne. DDT in ppm HCT HRT HRTHCT Amplitude duration
1. 0:0 - 9-3 — 4-4 + 5-1 — 5°5 — 6-6

(control)

2. 290 —38-1 —42-4 - 69 —12-5 — 4G+ 9

3. 40 —37-5 ~37-3 0-0 —18-2 —37-5

4. 60 —50:0 —36-3 +27-3 —21+4 —41+6

8. 80 335 —14-3 +30-0 —50-0 —20-8

contractile response from the muscle in comparison
with that of DS. The HRT/HCT showed an incre~se
in IDS, supgestive of preater decrement of HCT than
HRT. There was no significant change in the ampli-
tude of confraction both in DS and IDS. Hence,
it is presumed that the IDS confers relatively more
efficient contraction potential on the muscle than the
DS.

When the muscles were presoaked in DDT solutons
of different concentrations ranging from 20 to 30 ppm,
the contraction kinetics were altered. The HCIT
and HRT showed continuous decrement with the
increase in the concentration of DDT during both
types of stimuli, But, the decrement is more in ID3
than in DS (Table 1), indicating shortening of the
period of contraction and refaxation cycle. However,
it does not indicate guicker and more efficient pattern
of contraction as the amplitude of the contraction
showed a decremen{, The HRT/HCT ratios indicated
an increase with the DDT concentration in the medium,
suggesting that the contraction phase of the muscle
on IDS was more affected than the relaxation phase
by this organochlorine pesticide as compared to DS
(Table 1I). The per cent difference In the amplitude
alsg showed steady negative values which increased
proportionately to the DDT concentration, revealing
oreater susceptibility of IDS to DDT than DS.

Since the contraction kinetics of IDS 1s more affected
than that of DS, the DDT inhibitoty modulaton has
a greater effect on the confraction pattern elicited
through neuro-muscular junction than through mdi-
vidual cellular response systems, It may also be said
that, the DDT, perhaps interferes with the acetyl-
choline esterase (AChE) system at the neuro-muscular
junction by reducing AChE activity and thereby elevat-
ing the nerve acetylcholine or by enhancing the libera-
tion of acetylcholing from the bound reserves®, In

all— . .

" general, it can be stated that this change in the contrac-

tion potential of DDT presozked muscle may be
possible due to the lower availability of carbohydrate
reserves®, or due to fhe inactivation of enzymes,
mvolved In energy yielding systems such as SDH!.,12,
Cytochrome oxidase and ATPas3:*~7,

ACKNOWLED 3EMENTS

The authors {(WR and C3R(C) are grateful to the
UGC and CSIR, for the award of Research Fellowships
during the tenure of wiich this work was carried out.

——
T

1. Diksuth, T, S. S., “ Action of DDT on Insects,”
in Pesticides. Editor 8. K. Majumdar, Academy
of Pest Contro! Sciencss, Pesticide Buildings,
Mysorz-2A, India (1988).

2. Narahashi, T. and Heas, H. G., Seience, 1967,
187, 1438,

3. Corbett, J. R., Tnz Biochemical Modz of Action
of Pesticides, Academic Press, New York,
1974, p. 107.

4. Tobias, R, B. and Savit, T,
Physiol., 1945, 26, 57.

5. Koch, R, B., Chem. Biol Interac., 1969/70, 1, 199,

6. Ludwig, D., Ann Entonol. Soc. Am., 1948,
39 496.

7. Barsa, M. C. and Ludwig, D., 1bid., 1959, 52, 179,

Cavanaugh, G. M, Formulae and Methods

(Marine. Biol, Lab., Woods Hole, Mass,), 1956.
9. Matazaeman, U.,, Pestic. Biochem. and Physiol,,
1974, 4, 451,

10. Venkateswarlu, D. and Sasira Baba, K., ndian
J. Exp. Biol, 1976, 14, 429,

11, Indira, K., Swami, K. S., Sree Ramulu Chetty, C.
and Rajendra, W., Ibid., 1976, 16, 261.

12, Dahm, P. A, and Kearas, C. W., Ann. Entomol.,

Soc. Am,, 1951, 44, §73,

J. Cell. Comp.

0

T T S——



