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Many a worker has been fascinated by the complex system of camouflage that exists
nature and one is aware that such a system exists in different species of frogs. Light, dark-
s, temperature and humidity have been shown to be the most important stimuli for colour
hange in the Hyla cinerea and Hyla arborea (species of tree frogs). However, in constant
ight they do not show any alteration of the green colour (4).

There are a number of reports describing the effect of substances like mersalyl, caffeine,
acetylcholine, adrenaline and also of ions like Na++ and Cat++ (9,10) both on melanocytes in vivo
nd on isolated frog’s skin. In these studies the colour changes were studied in Rana pipiens.
During our routine under-graduate experiments demonstrating the CNS depressant effect of
MgSO, and its reversal by Cat+, it was observed that the frogs (Rana tigrina) changed their
colour from brownish black to green and sometimes to a light brown colour. Thus, the sub-
ject of this report is the mechanism of action of hypertonic MgSO, on the melanophores of Rana
tigrina.

MATERIALS AND MFETHODS

Frogs of either sex weighing between 150 gm and 250 gm were used for the study, which
was carried out under the usual laboratory conditions and light. All drugs were injected in the
orsal lymph sac. The colour changes were observed with the naked eye and the web melano-
phores of the hindlimbs were viewed under the microscope (magnification x100). Each
frog was enclosed in a small chamber provided with adequate ventilation. One of the hindlimbs
was brought out through a hole in the side of the chamber. The web was splayed out over
a circular hole in a small wooden board and the toes were tied in position. The board was
then placed on a microscope stage and the web was viewed under the low power lens. The
distribution of melanin in the cells was recorded in five grades according to the method of
Hogben and Slome (5). All counts were done by a technician who had no knowledge of the
nature of drugs that were injected. The study was carried out in four groups which consisted
f 33, 25, 20, and 20 frogs respectively. A control melanophore count was done in all the
ogs before injecting a drug. Calcium gluconate was injected in all the frogs to counteract
the CNS depression produced by MgSO,.

Group I :

20% MgSO« (1 ml/100 gm weight) was injected and the frogs were observed. 15-20
minutes later it was seen that there was a marked depression of the CNS which was manifested
in a loss of the righting reflex. At this time there was an obvious change in the colour of the

aper presented at the XIII Annual Conference of the Association of Physiologists and Pharmacologists of
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frogs which turned lighter and some even attained a green hue. The melanophore count w
then done as described above. Subsequently, 10% calcium gluconate (2 ml/100 gm) w
injected and the observations continued. Then caffeine (1 mgm/100 gm) was injected and
web count repeated.

Group 11 :

In this group after a control melanophore count was done, caffeine in the aforementiong
dose was injected first and the count was repeated half an hour later. Then MgSO, was if
jected and the same procedure as in group I was repeated (caffeine was not injected again afta
MgSOy).

Group 111 :
These frogs were given dibenzyline (25 mg/kg) half an hour before the injection of MgSOu

Group IV :

The frogs in the last group were treated with reserpine (5 mg/kg). The melanophor
count was done 24 hours later when MgSO, was injected and the above procedure repeated
The same was once again repeated after 48 hours.

RESULTS
Group I :

When the CNS depressant effect of MgSO4 was seen (depressed respiration with a los
of righting reflex), there was a visible lightening of the frogs. = The melanophore count showe
that most of the cells belonged to grades 1 and 2 i.e. they looked contracted (Fig. I1). The mea
percentages are given in Table I. It was then found that 109 calcium gluconate reversed ti
respiratory and CNS depression but had no effect on the colour as seen by naked eye as well
from the melanophore count. Caffeine given at this stage caused a reversion of the colour
the original hue. The results are recorded in Table I. In two frogs, caffeine producy
excessive stimulation leading to death. :

TaABLE I
Effect of 20% MgSOy and its Reversal by Caffeine
Mean=S.D.
GRADES
1 2 3 4 5
1. CONTROL 1 2.39 9.33 12.18 75.69
MELANOPHORE P = = + =
COUNT (33) 0.55 2 3.21 2.67 1.514
2. AFTER 20% *29.36 *23.84 *25.57 *14.81 *5.45
MgSO, += = + += +
1 mi/100 gm 4.0 1.88 3.60 - 1.76 2.8
3. AFTER 10% 27.1 2553 20.34 18.0 8.0
CALCIUM GLUCONATE B + + =3 =
2 ml[100 gm 223 1 3.89 1.65 1.8
AFTER *1.81 *5.63 ’"14.12 17.45 *60.42
CAFFEINE o = %= = +
1 mgm/100 gm - 2.62 3.8 2.22 4.21 3
*P > 0.001 P <0.05

Yhe Figure in Parentheses Indicates the Number oj Animass
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Group 11 : :

Here it was found that caffeine-induced darkening was also reversed by MgSO, (Table
IT). The frogs appeared to be more active after caffeine and the usual CNS depression was
- also seen after MgSO,. Calcium gluconate, however, was not able to overcome this depres-

sion in three of the frogs.
TABLE IT
Reversal of Caffeine Darkening by 20% MgSO,
MEAN=S.D.

GRADES
L 2 3 4 5

1. CONTROL P21 2 10.8 14.11 7
MELANOPHORE = * + o -
COUNT (25) 1.6 2 28 1.92 370

. AFTER " 5.5 *94
CAFFEINE - - + e -

1 mi/100 gm 0.67 1.86 F3.2

. AFTER . *20.22 *36.18 710.0 *22.1 *10
20% MgSO, E ks + = +
1 mi/100 gm 3.81 2.10 4.8 3.61 3.02

*P <0.001 ""P <0.05
The Figure in Parentheess Indicates the Number of Animals

Group I1I :
These frogs did not show any colour change half an hour after dibenzyline. With MgSO,
the R.R. was lost as usual but there was no colour change, the melanophore count being more

or less the same (Table III).
| TasLE IIT

Effect of Dibenzyline on MgSO, Action
MEAN =S.D.

GRADES
1 2 3 4 5
1. CONTROL 1 1 4.3 16.89 75.2
MELANOPHORE -~ - - - + &
COUNT (20) 2.4 2 2.28 4.9 2.18

2. AFTER 1.2 3.8 2.6 18.33 76
DIBENZYLINE - - + - i

25 mglkg 3.6 1.89 3.06 4.6 3

. AFTER 3.81 5.88 10 12.1 68
20% MgSO, - + =t =+ - -
\ ml/100 gm 4.13 2.89 1.0 2.62 2.62

*P <0.001 "P <0.05
The Figure in Parentheses Indicates the Number of Animals
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Group IV :

It was found that reserpine pretreatment for 24 hours had no effect on the melanophore
count as seen from Table IV; but at the same time MgSQO, did produce a significant colour
change. However, when the same frogs were again given MgSO, after 24 hours (i.e. 48 hours
after reserpine), although the CNS depression was seen, there was no appreciable change in

the colour (Table IV).

Ind. J. Physiol. & Pharmacol.

October 1968

TABLE IV
Effect of Reserpinization
MEAN=S.D. e
= = s GRADES =
1 2 3 4
1. CONTROL 1.08 6.64 11.19 70.81
MELANOPHORE — + *= -~
COUNT (20) 2 3.91 4.22 1.86
2. 24 HRS AFTER 10.6 2.29 87.21
RESERPINE — — *= sk +
5 mglkg 3.82 3 4.9
3. AFTER 3.1 *27.83 10.28 #3584 22.2
20% = & £
MgSO, 2.83 3.1 1.11 1.81 3.67
4. 48 HRS AFTER 2.22 i 6.83 10.33 70.20
RESERPINE + + + + -
an 1.67 3.9 1 2.28 1.90
5. AFTER 142 8.83 15.22 16.83 60.23
20% *= e = += +
MgSO, 0.68 2.21 2.48 3.30 1.86
*P <0.001 "P <0.05

The Figures in Parentheses Indicate the Number of Animals

Although various pigments may occur in the tissues of some amphibia, most of their col-
ours are produced by different arrangements of three kinds of pigment cells—the melanophores
(dermal and epidermal), the lipophores and the guanophores. Black or brown colour i
due to a predominance of melanophores in a fully expanded state, yellow or red is due to the
lipophores while white is due to the guanophores. Very often one sees shades of blue o
green which are produced by various combinations of these cells.
under the epidermis while the melanophores are most superficial.

between.

When the colour lightens, the cell processes are not contracted, but the pigment is with-

drawn into the body of the cell. When the melanin is fully dispersed in the processes, the

DISCUSSION

in that region appears black (8).

Most amphibia can darken or lighten their body colour but the tree frog is unique i
its ability to undergo rapid colour changes (18). Rana tigrina apparently does not change i
colour so rapidly when conditions of light and temperature are kept constant. However,

The lipophores lie directly
The guanophores lie in
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mechanisms controlling the expansion and contraction of the pigment cells may vary from species
to species.

Besides the specific hormones MSH and ACTH which elicit melanophore dispersion,
a number of lightening and darkening agents have been studied by various workers. Conventio-
nally, caffeine is used as a darkening agent (10), other such substances being marsalyl, theophyl-
line (9), sodium iodoacetate, HgCls (2), progesterone, marsilid and mesantoin. Potent aggregat-
ing agents (i.e. those producing darkening) are melatonin, NA, A, acetylcholine, hydrocortisone,
tri-iodo thyronine, serotonin (7) and histamine liberators (1). Bivalent ions like Na** and Ca**
have also been shown to have a dispersing action. Dickstein et al. have mentioned that Mg+,
another bivalent ion, behaved like Ca*+ in supporting the action of MSH but not in a concen-
tration upto isotonicity (3).

It has been stated (8), that an insufficient supply of oxygen brings about a contraction
of the melanophores and hence respiratory disturbances would have some effect on the coloura-
tion. At first we thought that this could explain the action of MgSOas on the melanophores but
it is not likely since the colour did not revert to normal even after the respiratory depression was
counteracted by calcium gluconate. Moreover, in preliminary studies it was found that MgSOg
was effective in decapitated frogs as well as on injection into the subcutaneous lymph sacs of
isolated limbs of frogs, thus pointing to a direct action on the skin melanophores.

From the present work it is seen that hypertonic MgSQs produces an aggregation of
melanin within the melanocyte thereby producing a lightening, Fig. I and Fig. II. In preli-
minary studies it was found that both hypotonic and isotonic MgSQa did not produce any colour
change in Rana tigrina. These findings are quite contrary to those of Dickstein (3) and could
possibly be a species variation.

Fig. 1 (Control)
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Fig. 2 (After MgSOs)

It was subsequently thought that a release of endogenous adrenaline may be implicated:
in the response of the melanophores to MgSO, (Bhide, N.K.—personal communication). Witt
this in view, the third group of frogs was treated with dibenzyline which has been shown by
Bhide (1) to block the effect of adrenaline and noradrenaline on frog melanophores. After diben-
zyline pretreatment, MgSO, had no effect on the melanophores (Table III), but the CNS depres-
sant effect was well manifested. Further, reserpine pretreatment did not alter the response
after 24 hours whereas 48 hours later the effect was blocked. This shows that there was incom
plete catecholamine depletion after 24 hours whereas it was almost complete after 24 hours,
so that MgSO, was ineffective then. Thus it seems quite evident that MgSO, action on the
melanophores must be through a release of catecholamines from stores.  One possibility may
be that Mg+ may be displacing cellular Ca** thereby producing a lightening. This can be
based on the theory postulated by Dickstein et al.(3), who state that the effect of Ca*+ on mela
nophores of Hyla arborea (a passive state of melanophore dispersion) is induced by entry o
Catt iato the cell and exit of K*. They also postulate that the active stage of mela.nophor
contraction nezds an energy pump for removal of Cat+ from cells or forcing potassium in,
This in fact would lend further support to our thesis. The released adrenaline would cause 3
accumulation of cyclic 3" 5 AMP which could provide the necessary energy for forcing Ca
out of the cell. However, as no studies are available regarding the levels of cyclic AMP of
frog melanocytes one cannot rest on this assumption. Moreover, in Rana pipiens the situation
is just the reverse—dispersion of melanin granules (darkening) requires energy and a correla:
tion exists between extent of melanocyte dispersion and increase in cyclic AMP in the skin in
vitro (6). It would thus be interesting to see if the formation of cyclic AMP is related to any
of these processes.
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SUMMARY
1. Magnesium sulphate (209;) produces a colour change (lightening) in Rana tigrina.
2. This lightening is reversed by caffeine but not by Cat+t.
3. Caffeine induced darkening is also reversed by MgSOa.
4. Dibenzyline pretreatment blocked the effect of MgSO, on the dermal melanophores.

5. Reserpine pretreatment did not have any effect after 24 hours but 48 hours later it

did show blockade of MgSOu action. Thus it was concluded that MgSO, acts on the melano-
-~ phores through a release of catecholamines from stores. Some other possibilities have also
been considered.

ACKNOWLEDGMENTS

The authors are thankful to Dr. D.S. Salunkhe, Lecturer in Pharmacology, B.J. Medical

College, for his suggestions.

&

We also thank our Dean Dr. F.J. Mendonca, for his encouragement during this work.
REFERENCES

Bhide, N.K. Histamine liberators and melanophores of Rana tigrina. J. Pharm. Phar-
macol. 19:58, 1967.

. Dickstein, S. and F.G. Sulman. Mechanism of Melanophore dispersion. Biochem.

Pharm. 13:819, 1964.

. Dickstein, S., C.P. Weller and F.G. Sulman. Effect of Ca*+ ions on Melanophore dis-

persal, Nature (Lond) 200:1106, 1963.

. Edgren, R.A. Use of Hyla cinerea in Melanophorotrophic potency of ACTH. Proc.

Soc. Exp. Biol. & Med. 85:229, 1954.

. Hogben, L. and D. Slome. A quantitative method for the study of frog melanophores.

Proc. R. Soc. Lond. 108B:10, 1931.

. Lands, S., A.B. Lerner. The Biochemistry of Melanotrophic agents. Pharm. Rev. 19:28,

1967.

Lerner, A.B. and Y., Takahashi. Hormonal control of melanin pigmentation. Rec. Progr.
in Hormon Res., 12:303, 1956,

. Noble, G.K. The Biology of the Amphibia, Dover Publications Inc., 1931.

. Novales, R.R. The action of MSH on isolated frog skin in relation to osmotic pressure

and sodium concentration. Anant. Record. 128:596, 1957.

. Wright, M.R. and A.B. Lerner. On the movement of pigment granules in frog melano-

cytes. Endocrinol., 66:599, 1960.



