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Alleviation of the symptoms of thyroid
disfunction has been accomplished in the past
by the use of thyroid extracts, desiccated thy-
roid gland, and to a much lesser extent by the
use of the pure thyroid hormone, thyroxine.
These substances have as a general rule been
administered by mouth. Mlore recently, with
the development of more effective methods for
the synthesis of thyroxine. consideration is
being given to the more widespread use of the
pure hormone. The advantage to be gained
by the use of the pure material is that the drug
is a uniform, chemically pure compound,
which can be standardized by chemical and
physical methods. An apparent disadvantage,
based on thyroxine content, is that the thy-
roxine of desiccated thyroid is apparently
better absorbed when given by mouth than is
the pure synthetic hormone. Some confusion
exists in the literature relative to the compara-
tive effectiveness of free acid thyroxine and its
monosodium and disodium salts. It has been
reported that in the human, monosodium salts
of thyroxine were less effective orally than
when given subcutaneously or intravenously
(1). It has also been reported that synthetic
thyroxine (free acid) was less active when
given orally than the monosodium salt(2,7,8).
The absorption of crystalline thyroxine from
the intestine of the chick was found to be
about 20% while the sodium salts were ab-
sorbed to the extent of approximately 45%
(3). The use of thyroxine tagged with radio-
active jodine indicated that about 70% of
an oral dose of sodium DL-thyroxine is taken
into the blood stream from the intestine(4).
Another investigator found that sodium DL-
thyroxine has only one-half the activity orally
as compared to its parenteral activity(5). In
the cow DL-thyroxine was found to be only
12}5% as effective orally as when given sub-
cutaneously (6).

Considering the reports that when thyroxine
compounds are given by mouth, or parenteral-
ly, activity differences occur, which are sup-
posedly dependent upon the route of adminis-

tration. it seemed advisable to re-evaluate the
activity from this standpoint. It also seemed
to be important to determine the comparative
activities of the synthetic compounds. L-Thy-
roxine (free acid), monosodium-L-Thyroxine,*
and disodium-L-Thyroxine when given by dif-
ferent routes. These compounds were ad-
ministered by gavage, and by subcutaneous
injection. and the data are here recorded.

Materials and methods. Young adult male
rats of the Sprague-Dawley strain. weighing
approximately 110-120 g, were used as the
test animal. All rats were maintained on a
standard 18% casein diet during the experi-
mental period. The animals used in each
assay were divided into 3 major groups: 1)
Normal. untreated controls. 2) Propylthiou-
racil controls, and 3) Experimentals. All ani-
mals were weighed daily, and the average
weight changes calculated at the termination
of the test period. Propylthiouracil was ad-
ministered according to the technic of Demp-
sev and Astwood(9). Thirty milligrams of
the antithyroxine compound was added to each
100 g of diet. The diet was offered ad lib.,
and the average food consumption per rat was
approximately 225 g in 14 days. Calculated
from the average food consumption records,
each animal received 67.5 mg of propylthiou-
racil during the assay period.

Solutions of L-Thyroxine and disodium-L-
Thyroxine were prepared from pure crystal-
line monosodium-L-Thyroxine. Dosages were
in pg/100 g of body weight. All dose levels
of each of the 3 Thyroxine compounds were
administered to two experimental groups, one
group receiving the Thyroxine by gavage and
the other by subcutaneous injection. A single
stock solution of the required concentration
was used for both routes of administration.
The syringes used for the injections were 0.25
cc graduated in 0.01 cc, and the needles were
No. 27 gauge. Gavage was given with a No. 8
French catheter. The animals received treat-
ment for 14 days and were killed on day 15.

* Syntheroid®, Travenol Laboratories.



THYROXINE AND ITs MoNo AND DisopruM SALTS

671

ORAL ADMINISTRATION

OF THYROXINE IN THE RAT

AVERAGE THYROID WEICHT MILLIGRAMS /100 GRAMS RODY  WEIGHT

o T T

——e- FREE ACD THYROXINE
---0- MONO-SODIUM SALT OF THYROXINE %
---¢-DI-SO0IUM SALT OF THYROXINE

T
(4] 0s 1 18

2 2s 3 as 4

THYROXINE MICROGRM/!OO GRAMS BODY WEIGHT

% BAXTERS NA-L- THYROXINE (SYNTHROID)

FIG. 1.
SUBCUTANEOUS ADMINISTRATION

OF THYROXINE

8

IN THE RAT.<~

o
':’fj‘TB“-‘?L‘.'

AVERAGE THYROID WEIGHT MILIGRAMS/I00 GRAMS BOOY WEIGHT
S
1

~——e - FREE ACID THYROXINE
~--@ - MONO-SODIUM SALT OF THYROXINE »
-=.=¢- DI-SODIUM SALT OF THYROXINE

T T T

o 08 l [

2 23 3 1 3

THYROXINE MICROGRAMS /100 GRAMS BODY WEIGHT

#-BAXTER'S NA-L- THYROXINE(SYNTHROO)

FIG. 2.

The thyroid glands were carefully removed
by dissection. The average weight of the
thyroids and their average weight per 100 g of
body weight was calculated for all the groups
in each experiment.

Results. A total of 570 rats were used in

the 6 experiments here reported. The average
weight of the thyroids of untreated controls
was 6.0 ug/100 g of body weight, while those
from animals treated with propylthiouracil
averaged 29.4 ug/100 g of body weight. A
graph of dose-weight relationship when the
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thyroxine compounds are given orally, is
shown in Fig. 1. It can be seen that to inhibit
the effect of PTU, the strength of the dose
necessary is 2.5-3.5 pg/100 g of body weight.
Fig. 2 is the dose-weight ratio when the thy-
roxines are given subcutaneously. The amount
of the hormone required to maintain the
weight of the glands within a normal range
is 2.0-2.5 pg 100 g of body weight which is
somewhat lower than when the compounds are
given orally.

Discussion. The data for the most part are
self-explanatory, but two points need further
consideration. The first is that oral adminis-
tration requires a larger dose of thyroxine to
bring the propylthiouracil treated thyroid
weights into line with normal weights than
do subcutaneous injections of the same
compounds. Adsorption of the thyroxine in
the intestine is a factor in dose requirement
(Fig. 1 and 2). The thyroid weight in most
of the groups shows a large standard error.
Despite the large standard error values, fur-
ther statistical analysis shows that these values
are not too significant because of the great
differences between the mean thyroid weight
of the control as compared to the mean thy-
roid weight of the experimental groups. This
fact is further emphasized in that the P values
for all the groups are less than 1 x 10*, AP
value of 5 x 10 is statistically significant in
most experiments.

Summary and conclusions. Experiments,
using 110-120 g Sprague-Dawley male rats,
were conducted to compare the activity of

ARGININE DESIMIDASE-CITRULLINE UREIDASE FORMATION

L-Thyroxine, sodium-L-Thyroxine and disodi-
um-L-Thyroxine administered by subcutane-
ous and oral routes. There are no significant
differences in the antipropylthiouracil effect
of the three synthetic thyroxine compounds
when administered by the same route. Con-
sidering that the gavage method permits some
technical error, the amount of thyroxine neces-
sary to inhibit the effect of propylthiouracil is
approximately 50% more by the oral method
than that necessary by subcutaneous injection.

Addendum. Since this paper went to press,
a report of clinical work with sodium
L-thyroxine has been published (Salter, Wil-
liam T., and Rosenblum, Ira, Am. J. Med.
Sc., 1952, v224, 628). An assimilation by the
patients of 67% of the orally given sodium
L-thyroxine was reported.
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Gale(1) showed in strain ST of Strepto-
coccus faecalis that cells formed during the

* This investigation was supported in part by a
contract between the Office of Naval Research and
Northwestern University.
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tance of William C. Slamp in several phases of this
investigation.

first few hours of incubation on an arginine
“rich” medium contained a more active ar-
ginine dihydrolase enzyme system than cells
formed at any later stage of the growth cycle.
However, Slade and Slamp(2) found in strain
D10 of S. faecalis that the first formed cells
possessed very little dihydrolase activity. En-
zyme formation in this strain commenced after



