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occurring non-toxigenic strains of C. diph-
theriae will induce toxigenicity in certain non-
toxigenic strains of C. diphtheriae as readily
as will phages derived from naturally-occur-
ring toxigenic strains.
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The isolation of a new thyroxine-like com-
pound from the thyroid and plasma by Gross
and LeBlond(1,2) and the subsequent identi-
fication of this substance as 3,5,3'-triiodothy-
ronine by Gross and Pitt-Rivers(3,4), -and
Roche, Lissitsky and Michel(5) have stimu-
lated a great deal of investigative work. Tri-
iodothyronine has been shown to be about 5
times as potent as thyroxine in preventing
thiouracil-induced goiter in rats(6,7,8) and to
produce a much more rapid elevation in the
oxygen consumption of hypothyroid animals
and man than does thyroxine(8-11). These
findings, along with the earlier reports by
Gross and LeBlond(1) of isolation of the
1331_triiodothyronine from tissues and plasma
of thyroidectomized animals given T'31-labeled
thyroxine, led Gross and Pitt-Rivers(6) to
postulate that thyroxine is enzymatically de-
iodinated to ttiiodothyronine in the tissues
and that triiodothyronine is the active form
of the hormone at the tissue level. Although
Albright, Larson and Trust(12) reported the
conversion of thyrexine to triiodothyronine by
kidney slices and MacLagan and Sprott(13)
made similar observations using liver homo-
genates, Roche, Michel, Michel and Lissitzky
(14) have been unable to demonstrate the de-
iodination of thyroxine to triiodothyronine in
vitro. More recently Roche and Michel(15),
on the basis of i# vive work with thyroidecto-

mized animals, found that the thyroid is the
sole important source of plasma triiodothy-
ronine and that there was no triiodothyronine
or its derivatives in the bile or urine of such
animals after the injection of labeled thy-
roxine. Kalant, Lee, and Sellers(16) reported
that triiodothyronine was the major radioac-
tive compound found in the skeletal muscle of
propylthiouracil-treated rats given *¥-la-
beled thyroxine but Taurog(17) stated that
his group did not find consistent conversion of
thyroxine to triiodothyronine in liver, kidney,
spleen or diaphragm.

With these conflicting observations in mind,
the following experiments were devised in an
attempt to demonstrate the in vivo conversion
of thyroxine to triiodothyronine by the rat.

Methods. (a) Thirty-three male Sprague-
Dawley rats, weighing 250 to 300 g and main-
tained at 80°F and on standard Purina Lab-
oratory Chow were given 10 pc (0.5 to 0.7
pg) of ['3abeled thyroxinet intravenously.
{The stock solution of thyroxine consisted of
this hormone in 50% propylene glycol in
water: aliquots were diluted with 0.9% saline
before administration.) At intervals of 30
minutes, one, 3, 6, 12, and 24 hours after in-
jection, liver, kidney, and skeletal muscle were
removed. Nine rats were studied at the 30-
minute point, 3 at one hour, 7 at 3 hours. 3 at
6 hours, 4 at 12 hours and 7 at 24 hours.
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These tissues were homogenized in NH,Cl
buffer (pH 8.4), boiled for 30 minutes, di-
gested with crude trypsin for 20 hours and ex-
tracted 3 times with n-butanol. The butanol
extract was then evaporated to dryness and
the residue taken up in 2 to 3 ml of 0.5 N
NaOH. Identical experiments were performed
either using purified trypsin instead of crude
trypsin or omitting trypsin digestion entirely
with essentially the same results except that
digestion with either purified or crude trypsin
produced a slightly higher vield of butanol-
extractable material. The material taken up
in NaOH was then run through kieselguhr
chromatographic columns according to the
method of Gross and Pitt-Rivers(4)? and
Braasch, Flock and Albert(18). Butanol con-
taining 20% chloroform equilibrated with
0.5N NaOH was run through the column until
thyroxine. triiodothyronine and iodide were
eluted. The solvent system was then changed
to 10% isopropyl alcohol in butanol for the
purpose of recovering di- and monoiodotyro-
sine. The effluent was collected with a frac-
tion collector and the radioactivity of each
fraction was assayed with a scintillation de-
tector. The results were expressed graphic-
ally, plotting counts per minute in the fraction
versus fraction number. The relative amounts
of all radioactive components recovered was
determined roughly by comparing the areas
under the peaks obtained. (b) An experiment
using 16 rats was performed identical to that
described above except that 10 uc (0.5 to 0.7
ng) of I'*-labeled trijodothyronine was in-
jected into the animals. The animals were
sacrificed 1, 3. 6 and 12 hours after the injec-
tion of triiodothyronine. Four animals com-
prised each group. (c) An experiment similar
to that described under (a) was carried out in
16 animals 2 weeks after thyroidectomy. In
this case 10 uc of thyroxine which had been
re-purified by passage of the stock solution
through the kieselguhr column was injected
intravenously and the animals sacrificed 30
minutes after injection. Specimens of liver.
kidney. and muscle were homogenized and

} The authors wish to express their gratitude to
Dr. Jack Gross for his invaluable help and advice
in the use of the kieselguhr chromatographic technic.
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FIG. 1. Representative graphs of kieselguhr chro-
matographic analysis of liver, kidney and musecle
at various time intervals after injection of (a) I'®-
labeled thyroxine and (b) I**-labeled triiodothyro-
nine. T, indicates thyroxine; T, triiodothyronine;
I, iodide; Ty;, monoiodotyrosine, and Ty, diiodo-
tyrosine.

treated as described above. Other specimens
of liver and kidney were homogenized in su-
crose solution at 4°C and separated, by means
of differential ultracentrifugation(19), into
nuclear, mitochondrial, microsomal, and resid-
ual protein fractions. The fractions thus ob-
tained were treated as described in the initial
part of the experiment and the extracts were
subjected to kieselguhr chromatographic
analysis,

Recovery studies with either labeled thy-
roxine or labeled triiodothyronine revealed
that 98 to 101% of the radioactivity placed
on the column was recovered in the effluent.

Results. Normal rats, whole tissues. Fig.
1 is representative of the results obtained in
liver, kidney or muscle from intact normal
rats following the administration of labeled
thyroxine and triiodothyronine. The chro-
matographs were essentially alike at all time
intervals studied. When thyroxine was ad-
ministered the main compound recovered cor-
responded to thyroxine on chromatographic
analysis, and in most instances no trijodothy-
ronine was recovered. However, in 20% of
the total number of chromatographic analyses,
small triiodothyronine peaks were observed
following the administration of thyroxine.
Fig. 2 characterizes the findings in these in-
stances. The triiodothyronine peak was pres-
ent at all of the various time intervals follow-
ing injection, including the 30-minute point
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FIG. 2. Plot of radioactivity recovered from kiesel-
guhr columns representative of instances (20% of
total assays) where trijodothyronine was recovered
from liver, kidney and muscle after injection of
I*#t.]abeled thyroxine,

and, although recovered occasionally from all
3 tissues, it was found more frequently in liver
and kidney than in muscle. When the ap-
proximate relative amount of radioactivity
present in each of the chromatographic peaks
was determined by measuring the area under
each peak, the radioactivity corresponding to
triiodothyronine never exceeded 1.5% of the
total.

When triiodothyronine was administered,
triiodothyronine was the main product of the
* column separation and no thyroxine was ob-
served at any time. Thkyroidectomized ani-
mals: In the 16 thyroidectomized animals in-
jected with thyroxine and sacrificed 30 min-
utes later, essentially the same results were
observed as in the normal animals. In ap-
proximately 20% of all analyses done on
liver, kidney and muscle in these animals,
small triiodothyronine peaks were detected,
the traces of this substance occurring appar-
ently at random in all 3 tissues. In no case
did the triiodothyronine peak comprise more
than 1.5% of the total radioactivity recov-
ered.

Subcellular fractionations. Fig. 3 is illus-
trative of the observations made after thy-
roxine injection into thyroidectomized rats
when subcellular fractions (microsomes, mito-
chondria, nuclei and residual protein) of liver
and kidney were subjected to chromato-
graphic separation. Similar findings occurred
in the fractions of both liver and kidney. In

cases where traces of triiodothyronine were
found in the whole homogenates of these tis-
sues, relatively greater amounts of this com-
pound were isolated from some of the subcel-
lular fractions. The greatest concentrations
of triiodothyronine appeared in the micro-
somes and residual fraction of both liver and
kidney, the amount of triiodothyronine run-
ning as high as 10.5% of the total radioac-
tivity in the case of soluble protein fraction
of the kidney. It was of great interest that
even in some cases where no triiodothyronine
was found in the chromatographic separation
of whole homogenates, significant amounts of
triiodothyronine were found in the subcellular
fractions.

Discussion. By the method of kieselguhr
chromatographic separation, we were able to
recover triiodothyronine from whole rat tis-
sues following the administration of thyroxine.
Triiodothyronine was recovered from liver,
kidney and muscle in about 20% of the chro-
matographic analyses made. When it was
found, it was present in only small amounts,
never exceeding 1.5% of the total radioactiv-
ity recovered. These findings are somewhat
at variance with those of Kalant ef al. with
respect to the amounts of triiodothyronine
recovered. If thyroxine is actually metabo-
lized to triiodothyronine, and if the appear-
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FIG. 3. Radioactivity in effluent from kieselguhr

columns representative of findings in subeellular
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ance of trilodothyronine is not an artifact
produced by the conditions of this experiment,
it may be that only a relatively small percent-
age of thyroxine is converted to triiodothy-
ronine. However, since triiodothyronine, once
formed. may be further degraded very rap-
idly. and hence not be recovered from tissue as
such. it is not possible to estimate accurately
the amount converted.

If such a conversion does actually occur,
the mechanism might be simply expressed as
follows:

Other break-

K . . K
Thyroxine———Triiodothyronine——-
down products

Tt is probable that rate constant K. is at least
3 or 4 times K. If this is the case one would
expect to find relatively small amounts of
trilodothyronine in the tissues involved at any
one time, no matter what percentage of thy-
roxine is degraded via this pathway.

It may be argued that only small amounts
of triiodothyronine were recovered and this
only relatively infrequently because of poor
recovery during the experimental procedure.
This point may be answered in part by point-
ing out that when stock triiodothyronine was
subjected to the experimental chroma-
tographic conditions, more than 95% was re-
covered as triiodothyronine. However, under
our experimental conditions we have consis-
tently observed a “front™ peak of radioactiv-
ity which is recovered from the kieselguhr col-
umns before the thyroxine peak appears.
(Figs. 1. 2, 3). Efforts to identify the radio-
active components of this peak by paper
chromatographic techniques have so far been
unrewarding and it is entirely possible that
small amounts of triiodothyronine may be in-
cluded in this material. This might explain
the appearance of trijodothyronine, following
the administration of thyroxine, at some times
and not at others.

Similarly. it may be argued that the appear-
ance of trilodothyronine after administration
of thyroxine was due to deiodination produced
by the conditions of the experiment rather
than to tissue activity. However, when thy-
roxine stock solution was subjected to the ex-

perimental conditions no triiodothyronine was
recovered.

The appearance of triiodothyronine in the
subcellular fractions in greater concentrations
than in the whole homogenate is as yet unex-
plained. The largest amounts appeared in the
microsomes and residual fraction in both liver
and kidney, probably due to concentration in
these fractions. Concentration alone, how-
ever, does not explain the consistent appear-
ance of triiodothyronine in the subcellular
fractions in contrast to its irregular appear-
ance in the whole homogenate, since the con-
centration in all cell fractions was higher than
that observed in the whole homogenate. It
was noted during the course of our experi-
ments that the “front” peak was consistently
smaller in the instances where the subcellular
fractions were subjected to kieselguhr chro-
matographic separation than was the case
with the whole homogenate, probably due to
minor alterations in the experimental condi-
tions. If this “front” contains appreciable
amounts of triiodothyronine this difference
might explain the more constant appearance
of this substance in the analyses where the
“front” was smaller.

Our observations have indicated that a
small amount of thyroxine may be converted
to triiodothyronine in rat tissues. However,
it seems less likely that the main mode of ac-
tion of thyroxine involves this step. In view
of the recent works of Thibault and Pitt-
Rivers(20), the possibility seems stronger
that both substances exert their action only
after further alteration, perhaps involving
conversion to the acetic acid or other des-
amino analogues.

Summary. (1) I'3llabeled thyroxine was
administered intravenously to normal and
thyroidectomized rats and the animals sacri-
ficed at varying time intervals thereafter.
Speciinens of liver, kidney and muscle were
homogenized, extracted with butanol and the
extracts were subjected to kieselguhr chro-
matographic analysis. Small amounts of tri-
iodothyronine were recovered from all 3 tis-
sues in about 20% of the analyses carried out.
(2) When triiodothyronine was administered
and the tissues subjected to the same condi-
tions, no thyroxine was recovered. (3) When
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the tissues of rats given thyroxine were homo-
genized and subjected to fractionation into
their subcellular components, triiodothyronine
was more readily recovered than was the case
where the whole homogenate was used. A
possible explanation for this is discussed.
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Intracellular Potassium Concentration in Normal and Diabetic Rat Liver.*
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It has previously been shown that marked
abnormalities of carbohydrate metabolism oc-
cur inliver slices from normal animals incu-
bated under conditions leading to lowered in-
tracellular potassium concentration(1). Thus,
potassium depletion leads to decreased glyco-
gen deposition from glucose and to de-

creased overall glucose utilization. while glu-

coneogenesis from pyruvate and other pre-
cursors is markedly increased. These meta-
bolic abnormalities are qualitatively similar to
those found in liver slices from diabetic rats
even in the presence of normal intracellular
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potaSSi‘um concentration(2,3). Furthermore,
a number of observations have been made,
both clinically and in experimental animals,
suggesting that potassium depletion may lead
to disturbances of carbohydrate metabolism
qualitatively similar to those of diabetes mel-
litus(4,5).. It seemed of interest, therefore,
to determine whether lowered intracellular
potassium concentration occurred in diabetic
liver in vivo. Accordingly, electrolyte, water

~and glycogen analyses were made on .diabetic

and normal rat livers.

Material and methods. Male rats weighing
250 g were mdde diabetic by the intravenous
injection of alloxan (40 mg per kilo). Three
to 4 weeks later these animals, as well as nor-
mal controls, were fasted for 8 hours (water

“ad %b.), then sacrificed for blood ‘and liver

analys\is./;. The animals were sacriﬁéed under
nembutal anesthesia by severing the carotid



