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cyclone track just before crossing the coast is important
for accuraicly predicting the landfall. Another powerful
tool used is remote sensing to map the regional geo-
morphology of the terrain. The database generated can
be updated regularly whenever a new cyclone develops
and crosses the coast.

The study has revealed that accurate prediction can
be made on the landfall of cyclone when the eye of
the cyclone is within the range of 100km from the
coast. This is one step forward towards better disaster
monitoring and management, even though the time
required for taking disaster mitigation measures is less.
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A. Mahanta and B. B. P. Gupta*

Environmental Endocrinology Lab., Department of Zoology,
North-Eastern Hill University, Shillong 793 022, Indiza

In vitro effects of al- and Sl-adrenergic agonists,
phenylephrine (PHE) and isoproterenol (ISQO), on the
rate of tissue respiration of Rana limnocharis and
Rana cyanophlyctis were studied in the presence and
absence of al- and f1l-adrenergic antogonists, prazosin
(PRAZ) and propranoclol (PROP), during the month
of April (summer/rainy season). PHE and ISO, when
administered separately, induced significant increase
in the rate of liver and muscle tissue respiration.
ISO and PHE, when administered together, potenti-
ated the calorigenic action of each other. PHE-induced
increase in the respiratory rate was blocked signifi-
cantly by PRAZ only in muscles of both the species.
PROP blocked ISO-stimulated respiratory rate of liver
tissue of Rana limnocharis and of skeletal muscle of
Rana cyanophlyctis. However, PRAZ and PROP when
administered together, completely blocked the ISO- or
PHE-induced increase in the rate of tissue respiration
in both the species. These findings seem to confirm
that both a1- and S1-adrenergic receptors are actively
involved in the adrenergic stimulation of the metabolic
rate of amphibian tissues. The degree of involvement
of the adrenergic receptors in calorigenesis seems to
vary with the tissues and the species.

CarecoLaminge hormones, norepinephrine (NE) and epi-
nephrine (EP); play a critical role in the regulation of
the oxidative metabolism and calorigenesis in all groups
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of vertebrates except birds'”’. NE and EP have been
reported to regulate the energy metabolism of mammals
at low temperatures and during emergency'?. Simi-
larly, due to their temperature-independent and rapid
calorigenic action, these hormones act as emergency
hormones for the regulation of the metabolic. rate in
poikilothermic vertebrates as well®"'. NE and EP have
been reported to stimulate respiration of brown adipose
tissue in mammals, with the involvement of «1- as well
as 31-adrenergic receptors'>™, Our recent studies indicate
that as in mammals, catecholamines produce their calori-
genic effects in amphibians as well through «l- and
Bl-adrenergic receptors’. However experiments, using
specific a¢1- and f1-adrenerg’c agonists and antagonists,
were needed to support our initial studies’!'!. Therefore,
we investigated in vitro effects of isoproterenol (ISO;
a fl-adrenergic agonist) and phenylephrine (PHE; an
al-adrenergic agonist) in the absence and presence of
prazosin (PRAZ; specific blocker of «l-adrenergic
receptors) and propranolol (PROP; specific blocker of
B1-adrenergic receptors) on the rate of tissue (liver and
skeletal mmuscle) respiration in Rana limnocharis (a
hibernating species) and Rana cyanophlyctis (a non-
hibernating species). _
All in vitro experiments were conducted on liver and
muscle tissues collected from adult male Indian streaked:
frog, Rana limnocharis (a hibernating species; body
weight 8-10g; snout to vent length, 31-35 mm) and
Indian skipper frog, Rana cyanophlyctis (a nonhibernating
species; body weight, 10-12 g; snout to vent length,
35-40 mm). These two species of frog are commonly
found in and around Shillong (fat. 25°30°N; long.
91°52°E; alt. 1450m above sea level;i_ minimum
temperature, 2°-4°C; maximum temperature, 25°-28°C).
Frogs were collected locally during the month of April
(maximum temperature 23°C; minimum temperature
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11°C). Four frogs of each species were decapitated
immediately after collection and tissues (liver and skeletal
muscle) were rapidly removed, rinsed in ice-cold frog
Ringer’s solution and stored in a deep freezer at — 15°C
to —18°C for in vitro experiments. For treating with
adrenergic agonists and antagonists, tissues were blotted,
weighed and homogenized in  ice-cold. frog
Ringer-phosphate buffer solution (9:1) (pH 7.4F with
the help of a glass homogenizer. One ml-of the tissue
homogenate (16-20 mg tissue/ml), 3.9ml of the
Ringer-phosphate buffer and 0.1 ml of solution containing
adrenergic agonists and/or antagonists were used for
measuring the rate of tissue respiration. The homogenates
were treated with phenylephrine (1 tM) and isoproterenol
(1 pM) separately or in combination in the presence and
absence of prazosin (1 uM) and/or propranoclol (1 uM).
In the combination treatments, the homogenates were
first incubated with the adrenergic antagonists PRAZ
and PROP at 4°C for 1 h and then with the agonists
PHE and ISO in the incubation chamber of the oxygen
electrode for 20 min before recording the rate of tissue
respiration.

The rate of tissue oxygen consumption was measured
with an oxygen electrode (Digital Oxygen System Model
10, Rank Brothers Ltd., UK). The polarizing voltage
was kept at 0.6 volt and the homogenizing medium was
used as the polarizing medium. Since the preferred body
temperature of most amphibians ranges between 25-28°C,
temperature of the incubation chamber of the electrode
was maintained at 25°C using a thermostat-controlled
water circulator. The homogenates were incubated in
the incubation chamber of the oxygen electrode for 20
min before recording the readings. Readings for each
tissue were taken for 30 min in the linear range of
oxygen consumption. The rate of tissue respiration was
calculated and expressed as ul O,/mg wet tissue/hour’.
The data were tabulated and analysed with the help of

Student’s ¢ test. A probability of less than 5% was
considered to be significant',

The data is presented in Table 1. PHE as well as
ISO when added separately to the homogenates, showed
a significant increase in the respiratory rate of the tissues
of Rana limnocharis and Rana cyanophlyctis. On the
other hand when ISO and PHE were added together to
the homogenates, they potentiated the stimulatory effects
of each other in the tissues of both the species. PRAZ
significantly blocked the PHE-induced increase in the
respiratory rate of only muscle tissues of both the species.
PROP significantly reduced the stimulatory effect of
ISO in the liver of Rana limnocharis and in the muscle
tissue of Rana cyanophlyctis. When the tissue homo-
genates were pre-incubated with a combination of PRAZ
and PROP, a significant block in the stimulatory effects
of ISO as well as PHE was observed on the respiratory
rate of liver and muscle tissues of Rana limnocharis as
well as Rana cyanophlyctis. The blocking effect of the
combined treatment with PRAZ and PROP was more
prominent compared to their individual inhibitory effect.

Findings of the present study suggest that both «1-
and pBl-adrenergic receptors are involved in the calori-
genic action of adrenergic agonists in Rana limnocharis
and Rana cyanophlyctis irrespective of their hibernating
and nonhibernating habits. Though both ISO and PHE
increased the respiratory rate of liver and muscle tissues,
they were more effective in stimulating muscle respiration
as compared to that of liver of both the species (Table 1).
Further, the liver of Rana cyanophlyctis seems to be
more responsive to the adrenergic agonists as compared
to that of Rana limnocharis. Further, compared to the
calorigenic effect of each agonist separately, the com-
bined treatment was more effective in stimulating tissue
respiration. It, thus, seems that al- as well as f1-
adrenergic receptors are capable of stimulating tissue
respiration in frogs, while simultaneous stimulation of

Table 1. In vitro cffects of al- and fBl-adrenergic agonists and antagonists on the rate of tissue
respiration of Rana limnocharis and Runa cyanophlyctis

Rate of oxygen consumption (ul O/ing wet tissue/h)

Rana limnocharis

Rana cvanophlyctis

Treatments Liver Muscle Liver Muscle

Saline (control) 088 +0.04+ 0.54 +0.08 0.78+0.03 0.41120.07
Pliecnyiephrine (PHE) 1.00 £ 0.03" 0.831£0.03% 0.98 ¢ 0.07" 0.6210.01¢
Isoprotercnol (150) 1.02£0.01" 0.84 1 0.09 1.03 £ 0.09¢ 0.64 1 0.03¢
PHE +150 1.30 £ 0.07" 1.06 £ 0.03" 1312012 0.821 009
PHE + Prazosin (PRAZ) (.97 £0.03 0.67 £ 0.02 084+ 0.05 0491001
150 + Propranotol (PROP) 0.94 £ 0,027 0.63 1 0.08 0821007 0421 00¥
PHE + PRAZ + FROP G.020.07" 0561003 0.58 £ 0.08° 0.3510.0%
1SO + PRAZ + PROP 0.57 £ Q.00 044007 551 002¢ 032+ 007

*Meun £ Standird error, N =4,

“d Differ from the suline treated conteal proup: P <005, 000 and 0001, tespectively.
S Differ from respective agonist (18O or PHE) weaied group: £2 <005, 001 and 0001, respectively
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both the isoreceptors might be leading to higher metabolic
rate. This suggestion is further supported by the findings
that al- and fPil-adrenergic antagonists (PRAZ and
PROP), when administered together, were more effective
in blocking the stimulatory effects of the agonists com-
pared to their individual inhibitery effects. These findings
suggest that, unlike in mammals'*", the al- and fI-
adrenergic receptors present in amphibian tissues exhibit
certain dJegree of cross-reactivity for ditferent agonists.
In mammals, gl-adrenergic receptors stimulate tissue
respiration using ¢cAMP as a second messenger, while
al-adrenergic receptors mediate the calorigenic action
of adrenergic agonists via Ca™ and phosphatidy] inositol
metabolites (IP, and DAG)'*". A similar mechanism
might also be operational during adrenergic agonists-
induced stimulation of tissue respiration in amphibians'".
On the basis of the present findings, it can be suggested
that the adrenergic agonists involve both al- and f1-
adrenergic receptors for stimulating tissue respiration in
amphibjan tissues. However, the degree of stimulation
of tissue respiration by the agonists seems to be tissue-
and species-dependent. Whether the observed differences
in the calorigenic response of the tissues to adrenergic
agonists is a kind of adaptation for hibernating and
nonhibernating species remains to be eXplored.
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