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With the increasing evidence that the circu-
lating thyroid hormone is free thyroxine(1-3)
an added importance is afforded recent studies
(4-6) directed at determining agents which
may possibly inhibit the action of thyroxine.
Such research may elucidate the little under-
stood mechanisms whereby the thyroid hor-
mone acts to stimulate the metabolism of
body cells as well as to regulate thyrotropin
production by the anterior hypophysis. As
Harington(7) has indicated, structural ana-
logues of thyroxine possessing properties me-
tabolically competitive to thyroxine are of
physiological interest and potential clinical
application. The observations by Woolley(4)
that several structural analogues of thyroxine
inhibit thyroxine-induced metamorphosis of
tadpoles have been confirmed and extended
by Williams et al.(8), by Frieden and Winzler
(9.10). and in our laboratory(11). However,
several investigators(8,11-13) have been un-
able to demonstrate that these analogues in-
hibit to any noteworthy degree the effect of
thyroxine when tested in animals of higher
forms.

In 1948, while the tadpole metamorphosis
test was being used as a screening method to
determine the antithyroxine potentialities of
a large number of compounds, it was found

in this laboratory that n-(2,5-dihydroxy-
phenyl) pyridinium acetatet (DHPPA) ap-
peared to have such properties. Subsequently,
the effects of this compound on the oxygen
consumption of normal rats and of normal
rats receiving thyroxine were observed. These
studies comprise this report.

Methods and results. A. Metamorphosis of
tadpoles. Xenopus laevis tadpoles, bred and
raised according to the method of Deansley
and Parkes(14), were kept in “livered” tap
water? and fed a mixture of dried powdered
liver and flour until they reached 18-26 mm in
length. The tadpoles were transferred to
“livered” water in beakers of 250 ml capacity,
5 tadpoles to each beaker; graded doses of
thyroxine and/or DHPPA were added, and
the final volume of each beaker was brought
up to 200 ml. All beakers were placed in a
water bath at room temperature. At the end
of the third day the tadpoles in each beaker,
after a brief rinsing to remove any residual
drug, were transferred into clean beakers, each
containing 200 ml of “livered” water. The
beakers were returned to the water bath until
the seventh day when the test was terminated.
The animals received no food during the ex-
perimental period. Each tadpole was ob-
served daily for evidence of metamorphosis.

* The original investigations reported herein were
carried out under contract between the Office of
Naval Research and the Johns Hopkins University,
and were aided by grants from the Damon Runyon
Fund for Cancer Research and the American Cancer
Society.

t Kindly supplied by Dr. Elmer Sevringhaus,
Hoffmann-La Roche, Nutley, N. J.

{ “Livered” tap water was prepared by adding
100 mg dried powdered liver to each gallon of tap
water and then filtering after 24 hours. This pro-
cedure removes excess chlorine.
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TABLE 1. Effect of n-(2,5-dihydroxyphenyl) Pyridinium Acetate (DHPPA), With and
Without dl-thyroxine, on the Metamorphosis of Xenopus Laevis Tadpoles.
— Tadpoles positive on day :———————
No.of 4 5 6 n
Thyroxinc* DHPPA* tadpoles No. o No. % No. % No. Yo
Al 05 — 14 2 14 12 86 14 100 14 100
5 10 0 0 0 0 0 0 0 0
5 10 0 0 0 0 0 0 0 0
.05 ks 9 0 0 6 66 8 89 9 100
.05 5 9 0 0 0 0 0 0 3 33
B. .05 — 14 11 79 12 86 14 100 14 100
5 15 0 0 0 0 0 0 0 0
20 15 0 0 0 0 0 0 0 0
05 5 14 2 14 7 50 9 64 10 71
.05 20 15 0 0 3 20 4 27 3 33

In A tadpoles varied from 20 to 26 mm in body length; temp. averaged 22.2°C (range 20-
23.5), and pH of bathing medium at termination of experiment varied from 3.5 to 5.7. In B
tadpole length varied from 18 to 22 mm; temp. averaged 24°C (range 23-24.6), and pH of
medium at termination of experiment varied from 6 to 6.5. pli was determined with nitrazine
paper. Twenty control tadpoles rceciving no drugs during each experiment did not show meta-

morphosis.

L]
* Dosage of thyroxine and DHPPA is expressed in mg per 100 ml environmental water.

A response was considered as “positive for
metamorphosis” when one or both forelimb
buds erupted through the skin. In prelimi-
nary experiments 0.05 mg % di-thyroxine in
the tadpoles’ environmental water for 3 days
uniformly produced metamorphosis of all tad-
poles within 7 days, and was not lethal. Since
the rate of metamorphosis was affected by
environmental temperature, control groups
receiving only thyroxine were run with each
experiment. Animals receiving no drugs never
showed metamorphosis during the experi-
mental periods. The tadpole offspring from
separate matings of different Xenopus frogs
were used in 2 successive experiments. Re-
sults are shown in Table I. An antagonism
to thyroxine apparently proportional to the
concentration of DHPPA was noted. DHPPA
appeared to be non-toxic to tadpoles in the
concentrations used. In a later experiment
involving the use of 40 tadpoles it was found
that concentrations of DHPPA, 35.0 or 50.0
mg %, with or without dl-thyroxine, 0.05 mg
% , were lethal to the tadpoles within 48 hours.

B. Oxygen consumption of rats. Eight male
Sprague-Dawley rats, weighing about 100 g
each, were maintained on Purina dog chow and
water. Over a period of 34 days the oxvgen
consumption of each animal was determined at
intervals of 4 to 8 days; this served to con-
dition the animals to the apparatus. The

animals were fasted 16 to 24 hours prior to
testing. The oxygen consumption of each
animal was determined in a closed circuit
volumeter at constant temperature and pres-
sure. The original apparatus described by
Lilienthal, Zierler and Folk(15) was used.
When the 8 rats attained a weight of about
250 g each, they were divided into 4 groups of
2 animals each, and the experiment recorded
in Table IT A was conducted. The values of
oxygen consumption represent the average of
the 2 animals in each group. A progressive
decrease of basal metabolism of growing rats
is well recognized(16), and was noted in thesé
8 rats in the preliminary period. The rather
marked reduction in oxygen consumption seen
in Table II A was probably due to the fact
that these animals were still in the growth
phase. The marked decrease of oxygen con-
sumption by the control animals 4 days after
injection may also have been due to the fact
that on the day prior to this determination the
weather was exceptionally hot and humid.
The results show that DHPPA did not sig-
nificantly alter oxygen consumption nor pre-
vent the rise induced by thyroxine.

To determine if time and mode of adminis-
tration of DHPPA were important, an addi-
tional experiment was conducted as recorded
in Table II B. Animals of Groups II, III,
and IV were employed, using the final de-
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TABLE II. Effect of »-(2,5 Dihydroxyphenyl) Pyridinium Acetate (DHPPA), With and- Without dl-
thyroxine, on the Oxygen Consumption of Adult Rats.

Oxygen consumption, c¢/min/100 g body wt

~—Before drug— ,———After administration of drug————
15 1 % 4 "% 13 Y%
Group days days Avg day -change* days change* days change*
A I Saline—1 ¢e s.c.t 184 178 181 174 — 39 157 —13.8 — —
II Thyroxine—2 mg/kg s.e. 171 175 173 192 411 164 — 352 155 —104
III DHPPA—200 7 7 167 163 165 161 — 3 158 — 49 145 —l121
IV Thyroxine—2 77 7 162 158 160 180 <4124 152 — 48 141 —119
DHPPA—200 *? ’
7 1 % 6 %o
days day  change days change
B. V  Thyroxine—2 mg/kg s.c. 155 192 4239 159 426
DHPPA—200 7 72
VI DHPPA—200 mg/kg i.p.} 1.41 1.66 +17.7 139 —14
(immediately before thyroxine)
Thyroxine—2 mg/kg s.c.
VII DHPPA—200 mg/kg i.p. 1.45 173 +193 139 —41

(24 hr before thyroxine)
DHPPA—200 mg/kg i.p.

(immediately before thyroxine)
Thyroxine—2 mg/kg s.c.

* Change in % as compared with avg reading before drug.

t s.c. = subeutanecously.

} i.p. = intraperitoneally.

In Groups IV and V injections were made at separate sites.

termination of oxygen consumption of the
first experiment as the base-line oxygen con-
sumption of the second experiment. Again,
DHPPA did not prevent the increase in oxy-
gen consumption induced by thyroxine. The
differences in the magnitude of the increases
are considered of no significance.
Discussion. These experiments indicate
that DHPPA inhibits thyroxine-induced
metamorphosis of tadpoles but fails to prevent
an increase in oxygen consumption of rats
given thyroxine. However, certain major
differences in the experiments are apparent.
In the tadpole experiments, the thyroxine and
DHPPA were mixed together in the animals’
environmental water, whereas injections of
these materials were made at separate sites
in the rats. The possibility that DHPPA may
alter thyroxine thereby diminishing or de-
stroying its physiological activity must be
considered. The compound may possibly alter
the absorption of thyroxine by the tadpoles.
Since DHPPA in the concentrations used did
not appear toxic to the tadpoles, it does not
seem likely that the failure of metamorphosis
was due to the tadpoles’ inability to respond
to thyroxine. Finally, the discrepancy of
results in the two experiments may have been

due to inadequate dosage of DHPPA in the
rats.

Barker et al.(12) have observed the effects
of this compound on the oxygen consumption
of rats. DHPPA, 9.5 mg/kg/day, for 6 days
did not alter significantly the oxygen consump-
tion of normal rats, and a.sharp increase of
oxygen consumption occurred following the
injection of thyroxine. However, in rats re-
ceiving DHPPA, 95 mg/kg/day, there was,
respectively, a 10.5 and 12.8% drop in oxygen
consumption after 8 and 13 days of drug ad-
ministration, but in these groups response to
thyroxine was not tested. They also observed
that in thyroidectomized rats receiving thy-
roxine, 12 pg/kg/day, no depression of oxy-
gen consumption was produced.when DHPPA
was given at 100 and 500 times the molar con-
centration of thyroxine for 15 and 28 days,
respectively. While ‘these . investigators did
not demonstrate that DHPPA inhibited the
action of administered thyroxine, they did
observe that large doses of DHPPA reduced
the oxygen consumption of normal rats. In
these latter experiments the total doses of
DHPPA were approximately 4 to 6 times
greater than those used in our experiments.

Conclusions. (1) N-(2,5-dihydroxyphenyl)
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pyridinium acetate inhibited the metamor-
phosis of tadpoles induced by thyroxine. The
degree of inhibition of metamorphosis ap-
peared proportional to the relative concentra-
tion of the drug. (2) N-(2,5-dihydroxyphenyl)
pyridinium acetate, 200 mg/kg body weight,
did not lower the rate of oxygen consumption
of normal rats nor prevent the acceleration of
oxygen consumption induced by di-thyroxine,
2 mg/kg body weight.
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Studies of the action of thiopental on rats
(1) show that alcohol tolerant animals are
much more resistant to thiopental than are
normal rats. The induction time of alcohol
anesthesia in mice is significantly reduced
when the animals are premedicated with a
barbiturate(2). Observations of a different
nature show that the sleeping time of thio-
pental treated animals is greatly prolonged by
premedication with Antabus(3). However
no evidence is available concerning the effect
of alcohol on thiopental sleeping time. The
present report is concerned with the effect of
alcohol in subanesthetic doses on the dura-
tion of sleep produced by thiopental. Attempts
were made to determine an analgesic effect of
alcohol and the influence of thiopental on
alcohol analgesia.

Methods and materials. Initially an at-

* This study was aided by a grant to the Depart-
‘ment of Pharmacology from funds received through
Initiative 171, State of Washington.

tempt was made to determine the effect of
thiopental, alcohol and combined thiopental-
alcohol administrations on the response of
mice to a painful stimulus. The apparatus
described by Chen and Beckman(4) was used
for determining <analgesic effect. This con-
sisted of a metal chamber which was open to
the atmosphere only through a reflux con-
densor. The chamber was partly filled with
an azeotropic mixture of ethyl formate and
acetone which has a boiling point of 55°.
The chamber was heated with a hot plate so
that the azeotropic mixture boiled continu-
ously. The mice were dropped on the top
of this container 2 minutes after intravenous
injection of the drugs. The time required for
the animal to respond by licking its hind foot
was determined with a stop watch and was
recorded as the reaction time.

Observations of the duration of sleep pro-
duced by the intravenous administration of
thiopental, alcohol, and combined thiopental-
alcohol were made. The thiopental dosage



