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ABSTRACT. Studies were performed to assess the
effects of thyroidectomy and hypophysectomy on the
overall metabolism of [I25I]T4 and its conversion to
[l2sI]T.i in slices of rat liver and kidney. Within 2 days
after thyroidectomy a slight reduction was evident in
the generation of [I25I]T3 from [12SI]T4 in both liver and
kidney, and 31 days after surgery the activity of this
process in these tissues was markedly decreased. Thy-
roidectomy was associated with diminished disappear-
ance of [I25I]T4, decreased generation of [l25I]iodide and,
in kidney, decreased formation of [12SI]tetraiodothyroa-
cetic acid. Each of these changes in the metabolism of
[I2SI]T4 in liver and kidney of thyroidectomized animals
was reversed by administration of replacement doses of
Ta for 10 days.

Hypophysectomy was similarly associated with di-
minished conversion of [I25I]T4 to [I2SI]T3 that was slight
2 days postoperatively and became more pronounced 31
days after surgery. In liver and kidney from hypophy-
sectomized animals, the degradation of [12r>I]T4 was sig-

nificantly reduced and the generation of labeled iodide
was unchanged, whereas in kidney, the formation of
[l25I]tetraiodothyroacetic acid was markedly reduced.
These abnormalities in T4 metabolism in tissues from
hypophysectomized animals were completely corrected
by hormone replacement with T4. No independent or
additional effect was noted when animals were given
replacement doses of adrenocortical or gonadal steroids.

The present direct studies of the conversion of T4 to
T3 in rat liver and kidney in vitro suggest that the
impairment in this process observed after thyroidec-
tomy or after hypophysectomy is related to deficiency
of thyroid hormone. Moreover, decreased conversion of
[12SI]T4 to [I25I]T3 in hypothyroidism, at least after thy-
roidectomy, could not be explained by a more rapid
disappearance of [l25I]Ti formed, because the metabo-
lism of [ltoI]T3 was instead markedly decreased in sim-
ilar preparations after removal of the thyroid. (Endo-
crinology 103: 1759, 1978)

IT IS generally agreed that, in man, mono-

deiodination of T4 in peripheral tissues is
the major source of the T3 present in plasma
(1, 2). A variety of abnormal states and phar-
macological agents would appear to impair
this process, since they are accompanied by or
induce pronounced lowering of the serum T3
concentration. Among these are severe acute
and chronic illness (3, 4); operative stress (5,
6); caloric, especially carbohydrate, depriva-
tion (7-13); and such drugs as propylthiouracil
(PTU) (14-17), propranolol (18), amiodarone
(19), certain x-ray contrast media (20, 21), and
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dexamethasone (22-24). In the case of star-
vation and cirrhosis, the decreased serum T3
concentration has been shown to result from
decreased production of T3, rather than in-
creased metabolic clearance of the hormone
(25-28), although rates of conversion of T4 to
T.3 have not been measured directly.

We have recently reported observations
which strongly suggest that the conversion of
T4 to T3 in slices or homogenates of rat liver
affords a reliable model for this process in
man, since inhibition of the generation of T3

from T4 by starvation, dexamethasone, PTU,
and amiodarone could readily be demon-
strated in this system (29). We now extend
our observations with this model to a consid-
eration of the effects of thyroidectomy and
hypophysectomy, and of hormonal treatment
thereof, on the in vitro conversion of T4 to T3

in rat liver and kidney. A portion of this work
had been presented in abstract form (30).
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Materials and Methods
Animals and diet

Intact, thyroidectomized, and hypophysecto-
mized male Sprague-Dawley rats weighing 150-200
g were purchased from Charles River Breeding
Laboratories (Wilmington, MA) and were either
provided with a diet consisting of pelleted labora-
tory chow and drinking water ad libitum, or were
totally deprived of food for 48 h before sacrifice, as
indicated below.

Labeled and unlabeled hormones

[125I]T4 (SA 50-70 MCi/Mg) and L-[I 2 SI]T3 (SA,
50-70 juCi/jtig) were purchased from Abbott Labo-
ratories (North Chicago, IL). Crystalline T4>

T.i, corticosterone, deoxycorticosterone acetate
(DOCA), and testosterone were purchased from
Sigma Chemical Company (St. Louis, MO).

Hormonal replacement

Studies in thyroidectomized and hypophysecto-
mized animals were usually begun 2-3 weeks after
surgery, during which period marked impairment
of growth was noted in both groups. Thereafter,
thyroidectomized rats received daily sc injections
of approximate physiological replacement doses of
either T4 (1.5 jug/100 g BW) or T3 (0.5 jug/100 g
BW) (31), or appropriate diluent for 7-12 days
before sacrifice. Hypophysectomized rats received
daily sc injections in peanut oil (jug/100 g BW) of
replacement doses of testosterone, 1.5; corticoster-
one, 100; DOCA, 1; T4,1.5; or all of these hormones
together for 10 days before sacrifice (32). Intact or
hypophysectomized control rats received daily in-
jections of peanut oil alone.

Preparation and incubation of tissue slices

Slices of liver and kidney cortex of uniform thick-
ness weighing approximately 250 and 100 mg, re-
spectively, were prepared with the aid of a Stadie-
Riggs microtome. Slices from control and experi-
mental animals were trimmed and matched accord-
ing to weight before incubation. A single slice from
each animal was then suspended in 2 ml Krebs-
Ringer-phosphate (KRP) buffer, pH 7.4, enriched
with [125I]T4 (1 juCi/ml, 0.020 jug/ml) or [125I]T3 (1.3
juCi/ml, 0.026 /ng/ml) and was incubated in room air
at 37 C for 4 h. At least four vessels for each
experimental group were studied in each experi-
ment. At the end of incubations, vessels were
plunged into crushed ice and slices were then ho-
mogenized in their own media. A portion of the

homogenate was combined with outdated blood
bank plasma (1:2, v/v) and frozen until subse-
quently analyzed.

In each experiment, two types of control vessels
were employed, one incubated at 37 C and contain-
ing no tissue and the other containing tissue slices,
but incubated at 0 C. Values for the percentage of
the several labeled products of [12r>I]T4 or [12BI]T3

metabolism that were generated in the presence of
tissue incubated at 37 C were always corrected by
subtracting the percentage value of the correspond-
ing contaminant in the nonmetabolizing controls.

Analysis of reaction products

Frozen homogenates were thawed and mixed
thoroughly; 10-/xl portions were applied as a spot to
the origin of strips of Whatman 3MM chromatog-
raphy paper together with carrier iodide, T4, T.i,
and, in some instances, tetraiodothyroacetic acid
(T4AC). Strips were then subjected to descending
chromatography in a hexane-tertiary amyl alcohol-
2 N ammonia (1:10:11) solvent system. Chromato-
grams were dried and the positions of iodide and
iodothyronines were identified by spraying with
palladium chloride or by fluorescence under ultra-
violet light, respectively. The dried chromatograms
were cut into zones corresponding to the origin and
carrier compounds and were counted in a y scintil-
lation counter. The radioactivity in these zones
accounted for approximately 98% of the total radio-
activity between the origin and the solvent front.

The labeled substrate T4 was 96% pure as judged
by paper chromatography, and contained 0.5-1% of
[125I]T3 and 2-3% of [I25I]iodide. The [I25I]T3 sub-
strate contained as a definable contaminant only
2% of [I25I]iodide.

The fractional degradation of the labeled T4 (or
T3) was calculated as the difference between 100
and the percentage of T4 present in chromatograms
of the metabolizing vessels, divided by 100. The
fractional generation of each of the products of
iodothyronine degradation was calculated as the
percentage contribution of that product to the total
measured radioactivity, corrected for contamina-
tion of the substrate, divided by 100.

Statistical analysis

All experiments were performed at least twice,
with good concurrence in the results obtained in
replicate studies. Therefore, results for all studies
dealing with a particular experimental manipula-
tion were pooled for statistical analysis. In the case
of experiments involving only two groups, Student's
t-test was employed. In experiments involving three
or more groups, the presence of significant differ-
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ences was established by analysis of variance and
Duncan's multiple range test (33) was then em-
ployed to evaluate the significance of differences
between any two groups.

Results
Slices of rat liver generated the following

12BI-labeled products from [125I]T4: small quan-
tities of chromatographically immobile origin
material and compounds having the chro-
matographic mobility of iodide and of T3. In
kidney, all of these products and, in addition,
a 12f>I-labeled compound with the mobility of
carrier [I25I]T4AC, were observed. Discernible
125I-labeled compounds formed by both liver
and kidney from [I25I]T3 were only iodide and
small quantities of origin material. Formation
of labeled origin material during the metabo-
lism of either [125I]T4 or [I25I]T3 was not ma-
terially altered by the experimental manipu-
lations employed, and will not, therefore, be
further discussed.1

Effect of thyroidectomy (Table 1)

When compared to slices obtained from in-
tact controls, liver slices from rats thyroidec-
tomized 2 days before study displayed a small,
but significant, reduction in the generation
of [125I]T3 from [125I]T4. The generation of
[12BI]iodide, the degradation of [125I]T4 and the
ratio T3 generation/T4 degradation, though
lower in livers from thyroidectomized animals
than from controls, were not significantly so.
Liver slices from rats subjected to thyroidec-
tomy approximately 4 weeks before study gen-
erated much less [125I]T3 from labeled T4 than
did liver slices from intact controls. Slight,
insignificant reductions in the rates of [125I]T4

degradation and [125I]iodide generation were
detected in these preparations, but the ratio
of T.3 generation to T4 degradation was mark-
edly and significantly decreased. Kidney slices
from rats thyroidectomized 2 days before
study revealed no significant changes in any
aspect of T4 metabolism studied. In contrast,
all aspects of in vitro T4 metabolism, including
T3 generation, iodide, and T4AC generation,

1 In Tables 1-4, the percentage generation of origin
material accounts for the difference between the [125I]T4
degraded and the sum of the indicated labeled products
generated.

T4 degradation, and the ratio of T3 generation
to T4 degradation, were markedly and signifi-
cantly decreased in kidney slices from animals
thyroidectomized 1 month earlier. Studies
conducted in tissues from animals thyroidec-
tomized between 2 and 31 days earlier re-
vealed changes in hormone metabolism inter-
mediate in magnitude (data not shown).

Effect of thyroid hormone replacement (Table
2)

In these experiments, some animals thyroid-
ectomized 1 month before study were given no
treatment, whereas others, as well as intact
controls, were given T3 (0.5 /ig/100 g BW) for
10 days before sacrifice.

Among the several aspects of T4 metabolism
by liver and kidney slices that were studied
differences between untreated thyroidecto-
mized and T3-treated control animals were
almost identical to the differences between
thyroidectomized and intact control animals
described above (Table 1).

For both liver and kidney, administration of
T3 to thyroidectomized animals restored val-
ues of each of the several functions studied to
ones that were not significantly different from
those found in T3-treated intact controls.

Studies of the effects of T4 replacement
during the last 10 days of a 1-month period
after thyroidectomy were conducted only in
slices of liver. Here, as was the case with Ts,
essentially complete reversal of the dimin-
ished T3 generation from T4 seen in slices from
thyroidectomized animals was observed (data
not shown).

Effect of hypophysectomy (Table 3)

As was the case after thyroidectomy, in
animals studied 2 days after hypophysectomy,
T3 generation from T4 was significantly lower
in liver, but not kidney, slices from operated
animals than in slices of corresponding tissues
from intact controls. The remaining functions
studied were not materially altered.

In animals studied 1 month after operation,
T3 generation from T4 was markedly de-
creased in slices of both liver and kidney. In
addition, the remaining indices of T4 metabo-
lism were decreased in both tissues, usually
significantly so.
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TABLE 1. Effect of thyroidectomy on the metabolism of [l2r'I]T4 in slices of rat liver and kidney

Liver
Exp 1

Control
2 Days postthyroidec-

tomy
Exp 2

Control
31 Days postthyroid-

ectomy
Kidney

Exp 1
Control
2 Days postthyroidec-

tomy
Exp 2

Control
31 Days postthyroid-

ectomy

INO. OI

animals

5
5

12
12

5
5

8
8

[I25I]T4 degra-
dation (A) (%

added T4)

31.6 ± 0.8
27.0 ± 2.4

37.8 ± 3.0
31.3 ± 2.9

41.0 ± 1.5
41.9 ± 2.5

51.0 ± 2.0
31.7 ± 3.4"

[125I]Tn gener-
ation (B) (%
added T4)

4.1 ± 0.3
3.0 ± 0.2"

4.9 ± 0.3
1.1 ±0.2''

3.1 ± 0.2
2.6 ± 0.2

5.3 ± 0.3
2.3 ± 0.1"

[l2r>I]Iodide
generation (C)
(% added T4)

23.0 ± 0.9
20.1 ± 2.1

25.2 ± 2.0
21.8 ± 2.3

26.9 ± 0.8
27.7 ± 1.5

28.2 ± 1.4
18.0 ± 1.5*

[12r'I]T4AC

gGncrfltion
(D) (%

added T4)

4.1 ± 0.3
4.1 ± 0.4

6.6 ± 0.9
3.7 ± 0.6"

T.i generation/
T4 degradation

(2B/A)

0.27 ± 0.02
0.23 ± 0.02

0.27 ± 0.02
0.11 ± 0.02*

0.15 ± 0.01
0.13 ± 0.01

0.21 ± 0.01
0.15 ± 0.01r

The data in this and subsequent tables represent values for the mean ± SE. The percentage generation of origin
material accounts for the difference between the [I25I]T4 degraded and the sum of the indicated labeled products
generated.

° P < 0.05.
6 P < 0.001.
c P < 0.01.

TABLE 2. Effect of thyroid hormone replacement on the metabolism of [l2r'I]T4 in slices of liver and kidney from
thyroidectomized animals

Liver
Control + T3
Thyroidectomized
Thyroidectomized

i rp
+ 13

Kidney
Control + T3
Thyroidectomized
Thyroidectomized

No. of

anima s

4
4
4

4
4
4

[I25I]T4 degra-
dation (A) (%

added T4)

39.8 ± 3.4
30.0 ± 6.0
37.0 ± 4.8

46.4 ± 2.6
37.1 ± 5.7
49.3 ± 2.0

[l2r>I]T3 generation

\DJ \7O c lUUtfU 1 4 /

4.3 ± 0.3 (c)
1.4 ± 0.2 (c, cl)
3.5 ± 0.4 (cl)

5.1 ± 0.6 (b)
2.4 ± 0.3 (a, b)
4.5 ± 0.5 (a)

[l2r'I]Iodide
generation (C)
(% added T4)

27.1 ± 2.5
20.9 ± 3.9
25.5 ± 3.0

25.8 ± 1.7
19.0 ± 2.8 (b)
29.8 ± 1.7 (b)

[l2r'I]T4AC
(D) (%

added T4)

3.8 ± 0.6
2.7 ± 0.5
4.0 ± 0.3

T.i generation/T4

degradation
(2B/A)

0.22 ± 0.02 (a)
0.10 ± 0.02 (a, al)
0.20 ± 0.04 (al)

0.22 ± 0.04 (a)
0.14 ± 0.04 (a)
0.17 ± 0.01

Letters within parentheses denote P levels determined by Duncan's multiple range testing: (a) and (al) indicate P
< 0.05; (b) indicates P < 0.01; (c) and (cl) indicate P < 0.001. Two groups that differ at a given P level share common
letter designations. The percentage generation of origin material accounts for the difference between the [l2f>I]-
T4 degraded and the sum of the indicated labeled products generated.

Effect of hormone replacement in hypophy-
sectomized animals (Table 4)

In replacement experiments, among the sev-
eral aspects of T4 metabolism by liver and
kidney slices that were studied, including the
generation of Ta, differences between hypoph-
ysectomized and control animals were very
similar to those seen before (Table 3). Hor-

monal replacement with either testosterone or
corticosterone plus DOCA had essentially no
effect on any of the aspects of T4 metabolism
studied (data not shown). In contrast, admin-
istration of T4 restored values for T3 genera-
tion and for each of the other functions in
both liver and kidney to levels that were not
significantly different from those observed in
tissues from intact control animals. No addi-
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TABLE 3. The effect of hypophysectomy on the metabolism of [l2>I]T.i in slices of rat liver and kidney

2 Days Posthypophy-
sectomy

Control
Hypophysectomized
Control
Hypophysectomized

31 Days Posthypophy-
sectomy

Control
Hypophysectomy
Control
Hypophysectomized

Tissue

Liver
Liver
Kidney
Kidney

Liver
Liver
Kidney
Kidney

No. of
animals

5
5
5
5

9
9
4
4

[l2r>I]T4

degrada-
tion (A) (%
added T,,)

31.6 ± 0.8
30.7 ± 3.7
41.0 ± 1.5
42.8 ± 2.4

24.5 ± 1,5
18.8 ± 1.7"
33.5 ± 4.1
25.0 ± 3.2

[I2fiI]T3

generation
(B) (%

added T<)

4.1 ± 0.3
2.8 ± 0.2"
3.1 ± 0.2
2.6 ± 0.1

3.9 ± 0.6
1.0 ± 0.1r

4.1 ± 0.5
1.4 ± O.r

[l25I]r gen-
eration (C)
(% added

T<)

23.0 ± 0.9
22.6 ± 3.4
26.9 ± 0.8
26.6 ± 1.2

16.4 ± 1.3
13.1 ± 1.6
13.2 ± 2.0
12.9 ± 2.2

[12r>I]T, AC
generation

(D) (%
added T4)

4.1 ± 0.3
4.6 ± 0.6

6.0 ± 0.8
2.6 ± 0.3"

T.t generation/
T* degradation

/O"D / W
(ZD/A)

0.26 ± 0.02
0.20 ± 0.03
0.15 ± 0.01
0.12 ± 0.01"

0.32 ± 0.04
0.12 ± 0.02'
0.25 ± 0.04
0.11 ± 0.01"

P values indicate significance of differences between control and hypophysectomized groups. The percentage
generation of origin material accounts for the difference between the [12r>I]T., degraded and the sum of the indicated
labeled products generated.

" P < 0.05.
\P<0 .01 .
CP< 0.001.

TABLE 4. Effect of thyroxine replacement on the metabolism of [l2r'I]T,t in slices of liver and kidney from hypophy-
sectomized animals

Treatment
group

Tissue No. of An-
imals

[''r'I]T., degrada-
tion (A) (% added

['"r'I]Ti generation
(B) (% added T,)

['"r'I]I generation
(C)(% added T,)

['-r'I]T,AC gener-
tion (D) (% added

T.)

i generation/T
degradation

(2B/A)

Intact
Hypox.
Hypox. + T.i

Intact
Hypox.
Hypox. + T.,

Liver
Liver
Liver

Kidney
Kidney
Kidney

22.7 ± 2.5 (a)
14.4 ± 1.6 (a, b)
27.1 ± 1.3 (b)

33.5 ± 4.1 (a)
25.0 ±3.2 (a, al)
34.7 ± 1.8 (al)

4.9 ± 1.2 (b)
1.1 ±0.1 (b, bl)
5.0±0.7(bl)

4.1 ± 0.5 (b)
1.4 ±0.1 (b, bl)
4.7 ±0.04 (bl)

12.8+ 1.2 (a)
8.3 ± 1.1 (a, b)

16.7 ± 0.7 (b)

12.6 ± 2.0
12.4 ± 2.3
17.5 ±2.0

5.3 ± 0.4 (b)
2.6 ± 0.3 (b, bl)
4.4 ±0.2 (bl)

0.42 ± 0.06 (b)
0.16 ± 0.02 (b, bl)
0.37 ±0.04 (bl)

0.71 ±0.16(b)
0.25 ± 0.05 (a, b)
0.56 ± 0.06 (a)

Letters within parentheses denote P levels determined by Duncan's multiple range testing: (a) and (al) indicate P < 0.05; (b) and
(bl) indicate P < 0.01. Two groups that differ at a given P level share common letters designations. The percentage generation of origin
material accounts for the difference between the [ljr'I]T4 degraded and the sum of the indicated labeled products generated.

tional effect was seen when testosterone, cor-
ticosterone, and DOCA were added to the
daily regimen of T4 treatment (data not
shown).

Effect of thyroidectomy on T3 metabolism
(Table 5)

Both kidney and liver slices from animals
thyroidectomized 1 month before study dis-
played significant decreases in [125I]T3 degra-
dation and [125I]iodide generation, when com-
pared to corresponding values in tissues from
control animals.

Effect of fasting in hypothyroid animals (Fig.
1)

Generation of [125I]T3 from [125I]T4 was as-
sessed in intact control animals, animals thy-

roidectomized 1 month earlier, and animals
thyroidectomized but given replacement doses
of T3 for 10 days before sacrifice. In each
group, half of the animals were allowed free
access to food throughout, whereas the re-
maining half were completely deprived of food
for 48 h before sacrifice. As previously re-
ported (34), fasting of intact animals led to a
marked decrease in T3 generation from T4 in
slices of liver. Again, slices obtained from fed
thyroidectomized animals displayed a mark-
edly lower rate of T3 generation from T4 than
did slices from fed control animals, and activ-
ity was significantly decreased still further by
fasting. Administration of T3 to fed thyroid-
ectomized animals again restored T3 generat-
ing activity to the levels seen in intact controls;
here too, fasting greatly decreased T3 genera-
tion.
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TABLE 5. Effect of thyroidectomy on the metabolism of [I25I]T3 in slices of rat liver and kidney

Treatment group Tissue No. of ani- [I2>I]T-, degradation (%
mals added T3)

[125I]r generation (%
added T3)

Control
Thyroidectomized
Control
Thyroidectomized

Liver
Liver
Kidney
Kidney

16.4 ± 1.3
8.6 ± 1.3"

41.5 ± 2.4
21.9 ± 1.1"

13.8 ± 1.0
5.2 ± 0.3"

33.5 ± 2.5
13.1 ± 0.7"

P < 0.001 in comparison with control group.

H ] CHOW-FED | | FASTED

INTACT THYROIDECTOMIZED THYROIDECTOMIZEOt

L I V E R

"<OOOI -

(%ADOED L P < O O I -

X V 6r

i r
- p<o.ooi -

P<OOOI- - P<OOOI -

(9) (9)
L P<005- J

KIDNEY

•
(4) (4)

L-P<0.0l-

D
(4) (4)

-NS—I

FIG. 1. The effect of a 48-h fast on the generation of [I2SI]
T3 from [I25I]T4 in slices of liver and kidney from intact
and thyroidectomized rats and from thyroidectomized
rats given 0.5 jug T.s daily for 10 days.

Findings in the kidney slices from fed ani-
mals with respect to the generation of T3 from
T4 were similar to those described above,
being significantly decreased in slices from
thyroidectomized animals and restored to nor-
mal by the administration of T3. As previously
reported (34), 48 h of fasting did not affect the
generation of T3 from T4 in kidney slices from
intact animals. Similarly, this period of fasting
had no effect in kidney slices from either un-
treated or treated hypothyroid animals.

Discussion

The present studies demonstrate that the
metabolism of [125I]T4 by slices of rat liver and
kidney is greatly altered by thyroidectomy or
by hypophysectomy. These effects are appar-
ently due to lack of thyroid hormone, since
they can be reversed in both thyroidectomized
and hypophysectomized animals by the ad-
ministration of replacement doses of thyroid
hormone whereas gonadal and adrenocortical
steroids are without effect. The effect of thy-
roidectomy and hypophysectomy of principal

interest was the impairment of [125I]T3 gener-
ation from [I25I]T4 that these ablations pro-
duced, an effect that was minimal or moderate
by 2 days after operation, but was pronounced
3-4 weeks later.

Accompanying these changes in the gener-
ation of T3 from T4 were reductions in both
the overall rate of [125I]T4 degradation and the
rate of [I25I]iodide generation. In the case of
kidney slices from both thyroidectomized and
hypophysectomized animals, [125I]T4AC for-
mation was also signficantly reduced. In ad-
dition, after both types of surgical ablation,
and in both liver and kidney, the ratio of T3

generation to T4 degradation was significantly
decreased. This finding suggests that alternate
pathways of T4 metabolism were inhibited to
a lesser extent than was the 5'-monodeiodi-
nation that leads to the formation of T3. As
with the generation of T3 from T4, all of the
other abnormalities in T4 metabolism de-
scribed above were reversed by the adminis-
tration of thyroid hormone.

The decreased apparent generation of T3

from T4 in liver and kidney associated with
hypothyroidism, at least after thyroidectomy,
cannot be ascribed to an enhanced rate of T3

degradation, since the thyroidectomy was
shown to impair the overall degradation of T3

in these tissues.
The present findings regarding the effects

of hypothyroidism on T4 metabolism in vitro
appear to accord well with certain of the find-
ings previously reported, but not with certain
others. In both animals and man, overall clear-
ance and deiodination of T4 are retarded in
association with hypothyroidism (35-38), and
these abnormalities are reversed by treatment
with thyroid hormone (39, 40). What appears
difficult to explain in the light of our findings
are reports which suggest that the fractional
peripheral conversion of T4 to T3 is increased
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in patients with hypothyroidism (39-41). Pos-
sible explanations for this apparent discrep-
ancy must presently be speculative, but would
include the following: the technical difficulty
and complexity of the in vivo measurements;
the possibility that complete equilibrium be-
tween intracellularly generated and exoge-
nously administered T3 was not achieved dur-
ing hypothyroidism (31); the possibility that
tissues other than liver and kidney contribute
substantially to T3 generation from T4 in vivo
and that their activity is increased by hypo-
thyroidism; and the seemingly unlikely possi-
bility that the differences are species-related.

On the other hand, our data are entirely in
accord with several direct studies of T4 con-
verison to T3 by rat liver in vitro, currently
reported in abstract form (42-44). In each of
these studies, liver homogenate from thyroid-
ectomized animals was found to generate
markedly less T3 from stable T4, as judged
from RIA, than liver homogenate from intact
control animals did. This defect was specifi-
cally related to a deficiency of thyroid hor-
mone in vivo, since it was further observed
that the capacity of liver from thyroidecto-
mized animals to form T3 from T4 returned
toward normal in a dose-dependent manner
as the animals were treated with T4 (44).

In man, the diverse pathophysiological con-
ditions (4,5,8-10) and pharmacological agents
(17, 19-21, 23) cited that appear to inhibit the
conversion of T4 to T3 are usually associated
with decreased serum T3 concentrations and
reciprocally increased serum rT3 concentra-
tions. Although it is uncertain whether these
effects are entirely independent of one another
or are in some ways related, it has been shown
that rT3 is a potent competitor of T4 conver-
sion to T3 in rat liver homogenate (45). Hence,
it has been suggested (44, 45) that an increase
in the concentration of rT3 at the locus of T4

to T3 converison might in itself explain the
reduction of T3 generation from T4 that occurs
in conditions in which serum rT3 concentra-
tion is elevated. The findings of the present
studies would appear, however, to exclude this
effect, at least as regards the influence of
fasting in the rat. Thus, we have demonstrated
that fasting is associated with a further de-

crease in the already low T3-generating activ-
ity of liver from the untreated hypothyroid
rat. Moreover, the inhibitory effect of fasting
was also seen in livers of thyroidectomized
animals given replacement doses of T3. Since
all of these studies were conducted in animals
thyroidectomized 1 month earlier, it seems
clear that regardless of whether T3 replace-
ment was administered there would have been
essentially no T4 available to give rise to rT3,
and, hence, no means by which the rT3 con-
centration in plasma or tissues could have
been increased by fasting.
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