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The effects of morphine on the transmembrane potential and the short circuit current in
the isolated frog skin were studied under different experimental conditions. The measurem-
ents of the transmembrane potential and the short circuit current were carried out according
to Ussing and Zerahn's method. Experimental results were summerized as follows:

1) 5%X107®* M of morphine markedly depressed the transmembrane potential and the short
circuit current of the naive preparation. The peak of these inhibitory effects of morphine
was observed about 1 hour after administration of the drug.

2) However 10-* M of naloxone did not affect these effects of morphine,

3) Decrease of K+, increase of K* or Ca?* in the perfusate, markedly potentiated the inhi.
bitory action of morphine on both transmembrane potential and short circuit current of the
frog skin, and addition of Mn?* to the solution depressed the effect of morphine on the tran-
smembrane potential, while the inhibitory effect of morphine on the short circuit current was
diminished in the Ca?" -free ringer solution,

and increase of Mg?* concentration depressed

those effect of morphine on both electrical parameters.

4) In the morphine treated preparations, transmembrane potential and short circuit current
were decreased in the early phase of drug treatment (1~2 days), but gradually increased to
the significantly high level from the control (4~8 days after treatment), In these prepara-
tions, the effects of morphine on both electrical parameters were also potentiated in the early
phase, but markedly diminished in the late phase of treatment.

From the above results, it is postulated that the pharmacological actions of morphine as
well as development of the tolerance by morphine may be partially related to the changes of
ion fluxes and/or permeabilities of skin by the drug.
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Fig. 1. An experiment showing the effect of mo-
rphine on transmembrane potential and
short circuit current of the frog skin. At
arrow mark, 5x10*M of morphine was
added to the inner side of the skin.
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Eifect of morphine on transmembrane po-
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¥ig. 3. Influence of naloxone to the action of mo-
rphine on transmembrane potential and
short circuit current of the frog skin. Af-
ter control experiments, drug was throug-
hly washed out, and 10~*M of naoxone was
added to the inner side of the skin about
1 hour prior to morphine. Other legends
are the same as in Fig. 2.
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Fig. 4. Influence of Na* on the changes of tran-
smembrane potential (upper) and short
circuit current (lower) by morphine. Per-
cent changes of TMP and SCC calculated
as percentage of pre-administration control
values are plotted aginst time in minutes.
At arrow mark, 5X107* M of - morphine
was added to the inner side of the skin.
Each point denotes mean value from 6 ex-
epriments with S.E. *; Statistically signi-
ficant from the correspondlng value of co-
ntrol experiment (p<{0.05).
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Fig. 5. Influence of K+ on the changes of transm-
embrane potential(upper) and short circuit
curment(lower) by morphine. Other legends
are the sameas Fig. 4.
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Fig. 6. Influence of Ca?* on the changes of trans-
membrane potential (upper) and short cir-
cuit current (lower) by morphine. Other
legends are the same as Fig. 4.
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Fig. 8. Influence of Mn2* on the changes of tran-
smembrane potetial (upper) and short cir-
cuit current (lower) by morphine. Other
legends are the same as Fig. 4.
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Table 1, Effect of chronic morphine treatment on transmembrane potential and short circuit current of
frog skin (mean SF)

hxperlmental - . . lransmemblane Short circuit
group No. of experiments potential(mV}) current(pzA/cm?)
Untreated 6 42 6.3 39 ~ 6.4
Morphine 1 day 6 2= 2.1* 5420 3.
Morphine 2 days 6 300 2.7 750 4.5
Morphine 4 days 6 €4-—14.4 9614, 0*

Morphine 8§ days 8 85 7.5% 120~ 6.7%

*, Statistically significant with respect to controls injected with (.6% Saline(p<{0.05)
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