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Pyrogallol and Vasopressin Tachyphylaxis

It is well established that repeated injections of vaso-
pressin will result in a rapid loss of its ability to raise
blood pressure. Because of this reproducible action vaso-
pressin is frequently cited as a classical example of a drug
displaying the characteristic of tachyphylaxis!. In spite
of sporadic investigations, tachyphylaxis to vasopressin
has not been adequately explained. Woobnsury? showed
that ouabain could prevent the development of tachy-
phylaxis when given before vasopressin and could restore
the pressor response after the establishment of tachy-
phylaxis. More recently, Nasn? has reported that in the
reserpinized dog, tachyphylaxis is greatly reduced. In the
present report data are presented to show that pyrogallol
(1,2, 3-trihydroxybenzene), a catechol o-methyl trans-
ferase (COMT) enzyme inhibitor, can also prevent and
interrupt tachyphylaxis to vasopressin.

In this study 42 dogs of either sex were anesthetized
with pentobarbital sodium, 30 mg/kg body weight intra-
venously. Blood pressure by mercury manometer and
respiration by Marey tambour were recorded on a kymo-
graph. Constant injections of vasopressin, 0.3 U/kg body
weight, were given every 30 min throughout the experi-
ment. This dose schedule has been shown previously* to
produce nearly complete loss of pressor cffects within 3
to 4 doses.

In the first series of experiments pyrogallol was given
after tachyphylaxis to the pressor response of vasopressin
had developed. Doses of pyrogallol varied from 0.5 to
32 mg/kg and were given 3 to 5 min prior to the 5th and
subsequent doses of vasopressin. Of the 24 dogs in this
group, pyrogallol slightly increased the pressor responses
to vasopressin in 5, brought the response back to about
half the controlin 10, and completely restored the original
response in 9 dogs (Figure 1). In several of these latter
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animals pyrogallol was repeated just before additional
doses of vasopressin and the pressor responses were well
maintained. The initial injection in Figure 1 illustrates
the triphasic blood pressurc response that is sometimes
obtained with vasopressin. This includes a depressor com-
ponent that is thought to be due to coronary artery con-
striction. Tachyphylaxis apparently occurs to this de-
pressor effect also, but pyrogallol only restored the pressor
component.

In general, the higher doses of pyrogallol were likely to
have more effect than smaller doses. Doses of 1-2 mg/kg
were sometimes effective and sometimes not, 4 mgfkg
were more predictable, and 8 mg/kg appeared to be an
optimum amount. Doses greater than this usually failed
to produce any greater response. A single dose of pyro-
gallol generally affected only that dose of vasopressin
which immediately followed it, although in a few cases
the next two doses were influenced.

In a separate group of animals, pyrogallol was given
just before the second dose of vasopressin and repeated
just before each succeeding dose. In this way it may be
possible to prevent the development of tachyphylaxis or
to greatly delay its appearance. Figure Z shows an experi-
ment in which the first and fourth responses to vaso-
pressin were identical in amplitude,

A few experiments with isomers of pyrogaliol suggest
that 1, 2, 4-trihydroxybenzene has virtually no such effect
while 1,3, 5-trihydroxybenzene (phloroglycin} has some
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Fig. 1. Restoration by pyrogallol of
the pressor response to vasopressin
after tachyphylaxis had developed.
Tracings from top to bottom: respi-
ration, mean blood pressure, zero
reference, and time in 1 min inter-
H vals, Pyrogallol was given just prior
to the 5th and 6th doses of vaso-
proessin.
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Fig. 2. Prevention of tachyphylaxis

to vasopressin by pyrogallol. Trac-
I_I B ings are the same as in Figure 1.
Vasopressin was given every 30 min
with the 2ud, 3rd, and J4th doses
being preceded by pyrogalloi. The
pressor response to the Jdth dose of
vasopressin . was the same as the
first,
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activity but much less than pyrogallol, The COMT in-
hibitor, catechol (1, 2-dihydroxybenzene), did not appear
to be active in this regard.

The finding that the blood pressure response to vaso-
pressin is markedly affected by pyrogallol may have wide
import because of the current interest in agents that affect
the metabolism of catecholamines. It is now known that
one of the major routes of degradation of epinephrine and
norepinephrine is »ia o-methylation5, The enzyme in-
volved, catechol o-methyl transferase, can be effectively
inhibited by furnishing a competitive substrate, such as
pyrogallol®?. The presence of pyrogallol slows the de-
struction of epinephrine and norepinephrine and extends
their duration of action®?, However, vasopressin has long
been classed as a direct-acting vasoconstrictor with a
mechanism of action unrelated to catecholamines, and it
was surprising, therefore, to find that a COMT inhibitor
would modify its response. It is well known that adrener-
gic blocking agents do not prevent the pressor response to
vasopressin, and NasH?® has shown that complete deple-
tion of catecholamines by reserpine pretreatment not
only does not depress the response but actually increases
it.

The data reported here might be interpreted as indicat-
ing an intimate relationship between catecholamines and
vasopressin vascular effects. Support for this concept
could be found in the work of GArRDIER'™1!, who has
demonstrated a relationship between the sympathetic
nervous system and the effect of vasopressin on blood
pressure. Other workers have implicated cyclic 37, 5-AMP
in the mechanism of action of both epinephrine and vaso-
pressin 1213,

In the present case, however, the weight of evidence
opposes this view. In addition to the failure of adrenergic
blockade or catecholamine depletion by reserpine to re-
duce the pressor action of vasopressin, it appears that
certain other COMT inhibitors {e.g. catechol) do not have
this action of pyrogallol. These data indicate that the
COMT inhibiting action of pyrogallol is not the mech-
anism involved. The suggestion of a non-COMT inhibiting
action is also supported by the recent work of Harmacy:

The Effect of Isoxsuprine on the Motility Pattern
of the Isolated Human Myometrium!?

In a previous report? it was demonstrated that the ac-
tion of prostaglandin on the isolated human non-pregnant
myometrium could be affected by variations in the extra-
cellular concentration of potassium. The normal effect of
prostaglandin on the myometrium is that of inhibition. A
decrease in the extra-cellular potassium concentration en-
hances the inhibitory response of human isolated myo-
metrium to prostaglandin. However, the addition of
prostaglandin to a myometrium placed in a potassium-
rich bath fluid produces only a small inhibition of moti-
lity, or, in some instances, even induces a stimulation of
the preparation.

In order to study the specificity of this effect of potas-
sium on the reactivity pattern of human myometrium to
prostaglandin, a similar study has been performed with
isoxsuprine, a compound which also inhibits the spon-
taneous activity of the human myometrium3.

The experimental conditions were the same as in the
previous study, i.e. the motility of excised strips from the
human uterus was studied in vitro using almost isometri-
cal recordings. Four strips from each uterus were studied
simultaneously, each strip mounted in separate 40 ml
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et al.1, who have shown a pulmonary antispasmodic ac-
tion of pyrogallol which is unrelated to COMT inhibition.
Alternatively, it is suggested that pyrogallol is able to
alter in some way the receptors for vasopressin or to in-
crease the dissociation of vasopressin from its receptor
complex in such a way as to permit repeated responses to
occur, The basis for this action is obscure and requires
further study 1516,

Résumé. Le pyrogallol empéche le développement d’une
tachyphylaxie & Ia vasopressine. Il restitue la réaction
pressorique aprés 'apparition d’une tachyphylaxie. Cet
effet ne semble pas é&tre lié & 'action inhibitrice de cette
substance sur I’enzyme transférase o-méthyl.

C. B. Nasu

Department of Pharmacology, University of Tennessee
Medical Units, Memphis (Tennessee, U.5.4.),
Septembey 2, 1963.

5 J. Axerrop, J. K. Inscog, 5. SevNoH, and B. Wrirkor, Biochem.
biophys. Acta 27, 210 (1958).

8 J, Axerrop and M. J. LAROCHE, Science 130, 800 (1959).

7 S. ARCHER, A. ArNoLD, R, K. KuLLiNg, and D. W, WyLig, Arch,
Biochem. Biophys. 87, 153 (1960).

8 Z. M. Bacg, Arch. int, Physiol. 44, 15 (1936).

% D. W. Amory and Tu. C. WEsT, J. Pharmacol. 137, 14 (1962).

0 R, W. GarDIER and B. E. ABrEU, Fed. Proc. 17, 370 (1958).

11 R. W. GARDIER, A. B. RicHarDs, E. A, James Jr., and J. W.
WHEELER, Pharmacologist 4, 150 (1962).

12 7. OrrLorF and J. S. HANDLER, Biochem, biophys. Res. Comm. 5,
63 (1961).

18 E, W, SuraerLanp and T. W. Rarr, Pharmacol. Rev. 12, 265
{1960).

4 D, F. J. Hamacyr, B. Starzeckl, and G. J. HorxNER, J. Pharma-
col. 140, 339 (1963). .

15 Supported by Grant HE 04505, National Institutes of Health,
USPH.

18 1 thank Mrs, BETTE LitTLe for technical assistance.

cuvettes in an organ bath. The bath fluid was a slightly
modified Tyrode solution aerated with 5% CO, in Oy, pH
being 7.354-0.05. The active compound was always
added to the bath diluted in 1 ml of a fluid with the same ~
composition and temperature as the bath fluid. A con-
tinuous inflow of fresh Tyrode from below at a rate of
1.5 ml/min slowly washed away the added compound.
This procedure was adopted since it gave stable experi-
mental conditions and reproduceable results. For details
the reader is referred to a previous communication4.

In the present study 12 strips from three uteri all in late
proliferative phase were used. The effect of isoxsuprine on
the spontaneous motility of the isolated human myo-
metrium under different extra-cellular potassium concen-
trations, 1-17 mEqv/l, was tested. The preparation used
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