
Metabolic Clearance and Production Rates of Human
Thyrotropin

E. Chester Ridgway, … , Bruce D. Weintraub, Farahe Maloof

J Clin Invest. 1974;53(3):895-903. https://doi.org/10.1172/JCI107630.

Metabolic clearance (MCR) and production rates (PR) of human thyrotropin (hTSH) were determined by the constant
infusion to equilibrium method 57 times in 55 patients. 16 control patients had a mean hTSH MCR of 50.7 ml/min. The
mean hTSH MCR was significantly (P < 0.02) higher in 19 euthyroid men (51.6 ml/min) than in 12 euthyroid women (43.0
ml/min), but this apparent sex difference disappeared when the MCR were corrected for surface area, 25.8 (men) versus
25.2 ml/min per m2 (women). Hypothyroid patients had significantly (P < 0.005) lower hTSH MCR (30.9 ml/min), and
hyperthyroid patients had significantly (P < 0.05) higher hTSH MCR (60.9 ml/min) than controls. The hTSH MCR in
patients with “decreased thyroid reserve” (40.9 ml/min), hyperfunctioning thyroid nodule (53.8 ml/min), and “empty sella
syndrome” (46.6 ml/min) were not significantly different from controls. The mean hTSH PR in controls (104.3 mU/day)
was significantly (P < 0.005) different from that in patients with “decreased thyroid reserve” (956 mU/day), hypothyroidism
(4,440 mU/day), hyperthyroidism (< 43.9 mU/day) and a hyperfunctioning thyroid nodule (< 38.7 mU/day). In primary
hypothyroidism intravenous triiodothyronine therapy (50 μg/day) for 10 days decreased the hTSH PR (from 4,244 to
2,461 mU/day) before changes in the hTSH MCR (from 33.1 to 33.7 mU/day) were observed.

These studies have demonstrated that changes in the serum concentration of hTSH […]

Research Article

Find the latest version:

https://jci.me/107630/pdf

http://www.jci.org
http://www.jci.org/53/3?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI107630
http://www.jci.org/tags/51?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/107630/pdf
https://jci.me/107630/pdf?utm_content=qrcode


Metabolic Clearance and Production Rates

of Human Thyrotropin

E. CGmsmRIDGwAy, BRUCED. WEINRAUB,and FARAMALOOF

From the Departments of Medicine at the Massachusetts General Hospital
and Harvard Medical School, Boston, Massachusetts 02114

A B S T R A C T Metabolic clearance (MCR) and pro-
duction rates (PR) of human thyrotropin (hTSH)
were determined by the constant infusion to equilibrium
method 57 times in 55 patients. 16 control patients had
a mean hTSH MCRof 50.7 ml/min. The mean hTSH
MCRwas significantly (P < 0.02) higher in 19 euthy-
roid men (51.6 ml/min) than in 12 euthyroid women
(43.0 ml/min), but this apparent sex difference dis-
appeared when the MCRwere corrected for surface
area, 25.8 (men) versus 25.2 ml/min per m' (women).
Hypothyroid patients had significantly (P < 0.005)
lower hTSH MCR (30.9 ml/min), and hyperthyroid
patients had significantly (P < 0.05) higher hTSH
MCR(60.9 ml/min) than controls. The hTSH MCR
in patients with "decreased thyroid reserve" (40.9 ml/
min), hyperfunctioning thyroid nodule (53.8 ml/min),
and "empty sella syndrome" (46.6 ml/min) were not
significantly different from controls. The mean hTSH
PR in controls (104.3 mU/day) was significantly (P
< 0.005) different from that in patients with "de-
creased thyroid reserve" (956 mU/day), hypothyroid-
ism (4,440 mU/day), hyperthyroidism (< 43.9 mU/
day) and a hyperfunctioning thyroid nodule (<38.7
mU/day). In primary hypothyroidism intravenous tri-
iodothyronine therapy (50 pg/day) for 10 days de-
creased the hTSH PR (from 4,244 to 2,461 mU/day)
before changes in the hTSH MCR(from 33.1 to 33.7
mU/day) were observed.

These studies have demonstrated that changes in the
serum concentration of hTSH are mainly due to altered
pituitary hTSH secretion with only a minor contribu-
tion from the change in hTSH MCR.
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INTRODUCTION

The introduction of methods for measuring human
thyrotropin (hTSH) 1 in serum (1-5) have made it
possible to define the thyroid and pituitary interrela-
tionships in various thyroid disorders. However, de-
spite the common use of the serum hTSH concentra-
tion, little information exists on metabolic clearance
rates (MCR) and production rates (PR) of hTSH in
health and disease. In 1962, Bakke, Lawrence, and
Roy (6) administered bovine TSH intravenously to
euthyroid and hypothyroid patients, determined the
half-life of the serum bTSH by bioassay, and estimated
production rates of hTSH to be 260 USP mU/day in
the former and approximately 2,600 USP mU/day in
the latter. In 1967, Odell, Utiger, Wilber, and Cond-
liffe (7) injected ['I]hTSH intravenously as a single
bolus in tracer quantities and followed the disappear-
ance of labeled hormone by antibody precipitation.
MCRwere 42.5 ml/min in euthyroid and 36.3 ml/min
in hypothyroid patients. The calculated hTSH produc-
tion rates were 165.2 mU/day and 1,033.1 mU/day.
respectively, in terms of human TSH reference stan-
dard A. In 1971, Beckers, Machiels, Soyez, and Cor-
nette (8) utilized a similar single injection technique
and found no statistically significant difference in the
MCRof euthyroid (56.2 ml/min), hyperthyroid (60.6
ml/min), or hypothyroid (62.8 ml/min) patients. Fur-
thermore, the calculated production rates in this study
suggested that hyperthyroid patients had higher pro-
duction rates of hTSH (517.2 mU/day) than euthvroid
patients (419.1 mU/day).

In an attempt to elucidate this probilem further and
to resolve these discrepancies, we have measured the

1Abbreviations used in this paper: hTSH, human thyro-
tropin; M.CR, metabolic clearance rates; PR, production
rates, RaI, radioiodine; T4, thyroxine; T,R, triiodothyro-
nine resin uptake; TT3, total triiodothyronine; TT4, total
thyroxine.
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FIGURE 1 Total 'I (U) and immunoprecipitable ['I]-
hTSH (A) during constant infusion of [13I]hTSH. Ap-
parent equilibrium was achieved between 2 and 3A h.

MCRof hTSH in various thyroid disorders by means
of the constant infusion to equilibrium method of
Tait (9). Further, we have measured the endogenous
hTSH concentration and calculated its PR using a
sensitive radioimmunoassay capable of differentiating
normal from low hTSH levels in unconcentrated sera
(5).

METHODS
Preparation of [13I]hTSH. Highly purified hTSH was

obtained for labeling from the National Pituitary Agency.
hTSH was labeled with 'I to specific activities of 25-50
IACi/,ug by the method of Hunter and Greenwood (10).
Immediately after iodination the ['31I]hTSH was separated
from aggregated products of iodination and inorganic iodide
on a G-100 Sephadex column (1.5 X 90 cm). Approxi-
mately 0.25-1.0 ug (10-50 ,uCi) of purified [ftI]hTSH
was diluted in 80 ml of 0.9% normal saline and 1% human
serum albumin. This solution was sterilized by Millipore
filtration and confirmed by bacteriological studies. The in-
terval between iodination and infusion varied between 3
and 10 days.

Measurement of ["'I]hTSH. [13I]hTSH was separated
from serum or infusate by a double antibody system in
which 0.8 ml of serum or 0.1 ml of infusate was incubated
with excess rabbit anti-hTSH serum at a final dilution of
1: 100 for 24 h at 4°C. Subsequently, goat anti-rabbit
gamma globulin was added, and the reaction mixture was
incubated for another 24 h at 4°C. The samples were
centrifuged, and the supernate was decanted. Total and
immunoprecipitable radioactivity were determined on dupli-
cate samples in a standard autogamma spectrometer after
subtraction of background counts in control tubes. All tubes
were counted to at least 10,000 counts to yield a counting
error of ±-1%. 90-100% of the total radioactivity in the
infusate was precipitable by this method. Appropriate vol-

ume corrections were made so that radioactivity was ex-
pressed as counts per minute per milliliter.

Infusion of [181I]hTSH and collection of sera. 80 ml of
infusate contained 0.9% normal saline, 1% human serum
albumin, and approximately 0.25-1.0 ,ug ['3I]hTSH. To
reduce the time necessary to reach equilibrium, 20-30 ml
of infusate was initially injected as a bolus. After 15 min
the remainder was infused at a constant rate (0.1765-0.1908
ml/min) for 3-4 h. At this time, apparent equilibrium was
reached as defined by that time following which subsequent
measurements of immunoprecipitable labeled hTSH levels
showed no variation that exceeded ± 10% of the mean
['31I]hTSH concentration during a 1-h period (Fig. 1).
During this period of apparent equilibrium, at least three
blood samples were collected at 15-min intervals, and the
serum was separated for determination of [13I]hTSH con-
tent.

Determination of hTSH MCR. At apparent equilibrium
the immunoprecipitable [..1I]hTSH was averaged in at
least three duplicate serum samples and expressed as counts
per minute per milliliter. The [13I]hTSH infusion rate
was determined by multiplying the content of ['I]hTSH in
the infusate by the infusion rate, and this figure was ex-
pressed as counts per minute per minute. The MCRof
["3'I]hTSH was then determined by the formula (9, 11)

I lfusioni rate [E'I ]hTSH (cpm/miiu)SeruLm concentratioll [E1']hTSH (cpniml)
at apl)plrent eqtilibriumili

Determniniation of endogenous hTSH. The endogenous
serum concentration of hTSH was determined by a modi-
fication (5) of the radioimmunoassay method of Odell,
Wilber, and Utiger (1) and similar to that recently re-
ported by Patel, Burger, and Hudson (4). Values for
normal subjects were 1.67+0.68 AU/ml in terms of hTSH
reference Standard B with approximately 90% (47 of 52)
of normals having detectable levels and most (39 of 41)
hyperthyroid patients having undetectable levels, i.e., less
than 0.5,uU/ml.

Determination of endogenouts hTSH PR. The PR of
hTSH was calculated by the product of the endogenous
serum concentration of hTSH and the MCRof [mI]hTSH
with the following formula (7, 9):
hTSH PR (,uU/min) = [hTSH] (AhU/ml)

X hTSH MCR(ml/min)
Subsequently, all values for production rates were ex-

pressed as milliunits per day.
Patients. There were 31 patients who were clinically

euthyroid. 16 of these patients had no history of thyroid
or pituitary disease and normal levels of total thyroxine
(TT4), free thyroxine (free T4), total triiodothyronine
(TTs), Ta resin uptake (T8R), RaI uptakes, and hTSH.
The circulating levels of TT4, free T4, and TT3 were all
performed by competitive protein binding assays and equi-
librium dialysis techniques (5).

The 16 patients included 10 men and six women and
served as the control group. The other 15 patients, judged
to be clinically euthyroid, had historical evidence of either
thyroid or pituitary disease but had normal levels of TT4,
free T4, and TTs, and T3R. These 15 patients were spe-
cifically included to provide a greater number of MCR
determinations in patients with normal levels of circulating
thyroid hormones and included the following: four patients
with the empty sella syndrome documented by pneumo-
encephalography who were taking no therapy; four pa-
tients with a hyperfunctioning thyroid nodule, and seven
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TABLE I
hTSH Serum Concentrations, MCRRate and PR in Control Subjects

Immuno-
Immuno- precipitable

precipitable cpm
Surface cpm at apparent

Patient Age Sex area infused equilibrium tSD Serum hTSII hTSH MCR* hTSH PR

yr m* cpm/min cpm/ml pU/ml ml/min mU/day
R. 0. 34 M 2.15 64,475 747410 1.1 86.3 137
W. 0. 54 M 2.10 36,873 622±14 1.1 59.3 94
W. M. 47 M 1.97 43,074 893±11 1.0 48.2 69
XW. M. 49 M 2.08 48,499 872±430 1.0 55.6 80
P. S. 17 M 2.20 108,384 2,021±18 1.0 53.6 77
X-. XV. 36 M 2.40 42,288 779±24 2.2 54.3 172
J. S. 26 M 1.81 34,208 858±42 2.1 39.9 120
R. B. 26 M 1.77 37,760 875±27 2.4 43.2 150
A. Al. 30 M 2.00 24,688 307±15 1.25 80.3 145
J. D. 29 M 1.95 60,597 1,312±40 2.15 46.2 143
R. J. 65 F 1.63 49,493 954±34 0.75 39.5 43
B. D. 31 F 1.58 85,991 2,866±40 0.70 30.0 30
H. N. 54 F 1.53 25,946 818±17 1.7 31.7 78
J. B. 17 F 1.65 29,388 680±85 1.8 43.2 112
S. R. 18 F 1.94 43,081 709± 19 1.6 60.8 140
B. S. 31 F 1.73 53,723 1,370i55 1.4 39.2 79

Mean4±SD 1.45 ±0.55 50.7± 15.6 104.3 ±41.4

* MCRdata in this table are expressed as milliters per minute in order to facilitate comparison with previous studies (7, 8).
Our studies suggest that it may be more appropriate to express MCRas ml/min per m2 (see Fig. 2 and text).

patients classified as miscellaneous; one patient with euthy-
roid Graves' disease taking no therapy, three patients with
a pituitary tumor, only two of whom were taking replace-
ment doses of thyroid hormone (90-120 mg dessicated
thyroid), and three patients, evaluated 6-12 months after
radioactive iodine therapy of hyperthyroidism, who were
taking no therapy. In one patient with a hyperfunctioning
thyroid nodule and one patient with a pituitary tumor, the
MCRdeterminations were performed twice. Thus, a total
of 33 MCRdeterminations were performed in 31 patients
with normal levels of circulating thyroid hormones. In
addition, there were 12 patients with primary hypothyroid-
ism as defined by classical signs and symptoms of hypo-
thyroidism, a low TT4, free T4, TT3, T3R, RaI uptake,
and an elevated serum TSH level. Five of the patients
with primary hypothyroidism were studied again after 10
days of intravenous triiodothyronine therapy (50 ,ug/day).
There were six patients with classical hyperthyroidism
as defined by classical signs and symptoms of hyperthy-
roidism, TT4, free T4, TT3, T3R, and RaI uptake. There
were six patients with "decreased thyroid reserve" who
had either Hashimoto's thyroiditis or Graves' 1isease pre-
viously treated with radioactive iodine. These ix patients
had low-normal levels of TT4, f ree T4, TTs, T8R, RaI
uptakes, and an elevated endogenous serum hTSH concen-
tration, but did not have signs and symptoms of hypothy-
roidism. They were further characterized by a subnormal
response to exogenous intramuscular bovine TSH (10 U/
day for 3 days).

RESULTS
MCR of hTSH. Determination of the MCR of

hTSH depended on the ['I]hTSH concentrations be-

ing at equilibrium at the time of sera collection. Fig. 1
shows a typical infusion of [JI]hTSH; apparent
equilibrium was reached between 2 and 4 h. For this
reason at least three serum samples were taken in all
infusions between 3 and 4 h. The mean ['I]hTSH
concentrations in control patients are expressed with
standard deviations in Table I. A total of 33 clearance
rate determinations were performed in 16 control pa-
tients and 15 clinically euthyroid patients with a past
history of thyroid or pituitary disease with a mean
MCRof 48.0±13.4 mnl/min. The 19 men had a mean
MCRof 51.6±14.9 ml/min, significantly different (P
< 0.02) from that of the 12 women with a mean MCR
of 43.0±9.1 ml/min. This apparent significant sex
difference disappeared (Fig. 2) when the MCRwas
expressed per square meter of surface area, whereby
the males had a MCR/m2 of 25.8±6.9 ml/min per m'
and the females had a MCR/m' of 25.2+4.3 ml/min
per m2, which was not significantly different (P = 0.4).

Because of this apparent sex difference, all further
results are expressed as both MCRand MCR/m'. The
16 control patients had a mean MCRof 50.7±15.6 ml/
min or MCR/m2 of 26.9±7.9 ml/min per m2; 12 pri-
mary hypothyroid patients had a MCRof 30.9±8.3 ml/
min or 18.7+3.3 ml/min per mi; 6 hyperthyroid pa-
tients had a MCRof 60.9±4.9 ml/min or MCR/m2
of 31.1±3.6 ml/min per m'. The control patients had

hTSH Production Rate 897
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FIGURE 2 33 determinations of hTSH MCR in 19 men

and 12 women. The apparent significant sex difference in
the MCR (@, A) is resolved when the data is expressed
as MCR/m2(0, A).

MCRor MCR/m' that were significantly different from
hypothyroid (P < 0.005) and hyperthyroid patients
(P < 0.05). Six patients with decreased thyroid re-
serve had a mean MCRof 40.9±7.3 ml/min or 23.3
ml/min per m2; four patients with hyperfunctioning
thyroid nodules had a MCRof 53.8±+19.9 ml/min or
29.4±8.3 ml/min per i2; four patients with the empty
sella syndrome had a MCR of 46.6±8.2 ml/min or
24.5 ml/min per m2 (Table II).

Correlation of hTSH MCRwith serum thyroid hor-
0one concentration and creatinine clearance. The

MCRand MCR/m2 of hTSH of all patients were re-
lated to the serum TT4 concentration with correlation
coefficients r = 0.476, P < 0.001, and r = 0.534, P <
0.001, respectively (Fig. 3). The MCRof hTSH of
all patients was also related to the serum TT3 concen-
tration with a correlation coefficient r = 0.537, P <
0.001. Likewise the MCRwas related to the endoge-
nous creatinine clearance with a correlation coefficient
r= 0.609, P < 0.001 (Fig. 4). None of the patients
had overt renal disease, and all had normal serum
creatinine concentrations.

Endogenous hTSH seruim concentrations and PR.
The serum concentrations and PR of hTSH are listed
in Table II. In control patients the PR was 104.3±41.4
mU/day or 55.2±21.0 mU/day per m2. In hypothyroid

TABLE I I
hTSH Serum Concentrations, MCRRate and PR in Various Thyroid and Endocrine Disorders

No. of Sex
Clinical state latients F/M TT4* Free T4 TT3* liTSII hTSH$ MCR hTSH PR

j.g/100 71g/lOO 71g/1oo MU/mml±4SD ml/minz ± 'D mU/d +SD
ml ml ml

Controls 16 6/10 6.5 1.3 171 1.4540.55 50.7±15.6 104.3±41.4

P'rimary hypothyroidism 12 12/0 2.0 0.3 68 105.3±85.8 30.9i8.3§ 4,440±3,732
Before treatment 5 5/0 2.9 0.4 80 106.0D86.2 33.1+9.0 4,244±1,414
After treatmiienit 511 5/0 2.2 0.3 112 63.2±58.8 33.7±t11.0 2,461±1,457

Hyperthyroidism 6 4/2 15.3 4.2 595 <0.5 60.944.9§ <43.943.5

Decreased thyroid reserve¶ 6 4/2 5.1 0.9 ^ 153 17.1±12.2 40.9±7.3** 956±622

Hyperfunctioning thyroid
nodtile 4 2/2 7.3 1.5 207 <0.5 53.8+19.9** <38.7+14.0

Empty sella syndromne 4 2/2 6.3 1.4 195 1.80±0.90 46.6±8.2** 118.5±51.0

Miscellaneous11 7 2/5 8.3 1.6 222 42.2±7.9**

* TT4 (normal 4-11 jug/100 ml) and TT3 (normal 150-250 ng/100 ml) done by competitive-protein-binding assay at Boston
Medical Laboratory, Waltham, Mass. (5).
1 See footnote to Table I.
§ Significantly different from controls (P < 0.05).
11 Five hypothyroid patients given triiodothyronine 50 jsg/day intravenouisly for 10 days.
¶ See Table Il for a detailed description of these six patients.
** Not significantly different from controls (P > 0.10).
t See text for a description of these seven patients.
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patients the PR was 4440±3732 mU/day or 2767±2278
nU/day per m2 (P < 0.001), while in hyperthyroid
patients the PR was undetectable (< 43.9±3.5, P
< 0.005). The PR was also undetectable in patients
with single hyperfunctioning thyroid nodules. In the
patients with the empty sella syndrome, the PR was
in the normal range at 119±51 mU/day or 63±28 mU/
day per m2.

The patients with decreased thyroid reserve require
detailed comment and specific characterization. The
clinical data of these six patients are presented in
Table III. There were two men (ages 41 and 65)
and four women (ages 46-60). The serum TT4 ranged
from 4.0 to 6.0 lAg/100 ml, the free T4 varied from 0.8
to 1.1 ng/100 ml, the TT3 ranged from 120 to 195
ng/100 ml, the RaI uptake ranged from 14 to 20%,
and the basal metabolic rate varied from - 19 to
+ 10%. The TaR was low-normal in all, suggesting
no abnormality in the serum thyroxine-binding pro-
teins. The basal serum hTSH was elevated in each
patient and ranged from 6.2 to 41.0 AsU/ml, with five
of the six patients having serum hTSH concentrations
of 16.5 iAU/ml or less. Five of the six had a blunted
rise in the RaI uptake and TT4 after bTSH adminis-
tration for 3 days. The hTSH response to the intra-
venous administration of a single bolus of 200 lAg of
TRH (5) was abnormal with peak concentrations of
hTSH varying from 44 to 150 /AU/ml. In all of these
patients, the mean PR was approximately nine times
normal at 956±622 mU/d or 544±342 mU/day per m'.

In patients with either decreased thyroid reserve

or primary hypothyroidism, the elevated serum hTSH
concentration was found to be related to an increased
hTSH PR with a correlation coefficient r = 0.93, P
<0.001 (Fig. 5).

Effect of acute thyroid hormone replacement. Acute
triiodothyronine therapy (50 iAg intravenously for 10
days) in five hypothyroid patients produced no signifi-
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FIGURE 4 Cqrrelation of endogenous creatinine clearance
with hTSH MCR. The regression line was calculated by
the method of least squares. P <0.001, r = 0.609, t = 4.167.
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TABLE II I
Laboratory Data in Six Patients

RAI
Patient Age Sex Diagnosis TT4* Free T4 TT3* uptake

yr sg, 100 ml1 ng/ ,100 mnI ng/100 mnl %

II1. L'. 65 M Hashimoto's thyroiditis 4.0 1.0 195 20
R. N1l. 4 1 M Graves' disease treated "I 1 4.5 0.8 120 1 6
MI. F". 46 F lHashimoto's thyroiditis 6.0 1.0 165 19
E. 1). 60 F, Graves' disease treated ""I1 4.5 0.8 170 20
L. K. 58 F EtLIthyroid Gratves' disease§ 6.0 1.1 150 18
J. R. 56 F Graves' disease treated 1'l1 5.5 0.9 120 14

* TTr4 (normal 4-11 jug/10O ml) and TT3 (normal 150-250 ng/100 nil) donie by comi-petitive-protein-binding assay
at Boston Medical Laboratory, Wkalthami, Mass. (5).
1 See footniote to Trable 1.
§ Patienit presented originally (1969) withi n-ormial T4, free T4, TT3, anid niormial RAI uptake that was nonisuppressible
with cytomel. She was followed for 3 y without therapy and at this poinit her RAI uptake was nlormally suppressible
(22) and the above stuidies were determiined.

cant change in the MCR(33.1 to 33.7 mi/min), where-
as this therapy significantly decreased the serum con-
centrations (from 106 to 63 AtU/ml) and PR (from
4,244 to 2,461 mU/day) of hTSH.

DISCUSSION

The present study has utilized the constant infusion to
equilibrium method of Tait (9) to determine the MCR
and calculate the PR of hTSH in man. Previouis de-
terminations of hTSH MCR in man were performed
by a single injection method (7, 8) involving the
following assumptions: (a) the labeled hormone is
instantly distributed through its volume of distribution;
(b) labeled hormone is distributed through a single
compartment; (c) a steady state existed during the
study period whereby clearance of hTSH remained
constant; and (d) labeled and unlabeled hTSH are
metabolized at an identical rate. However, other stud-
ies have shown that hTSH (7) is distributed through
a compartment larger than the plasma volume and
complete metabolism occurs in a multiexponential
fashion, raising a question as to the validity of the
single injection method for estimation of hTSH MCR.
The present study does not assume instantaneous mix-
ing nor any number of compartments for the volume
of distribution for labeled hTSH. The constant infusion
to equilibrium method does assume (a) that a steady
state or equilibrium had been achieved, and (b) that
labeled and unlabeled hormone had similar rates of
metabolism. Although absolute equilibrium cannot be
proved unequivocally, no significant variation in the
levels of immunoprecipitable ['~I]hTSH were ob-
served after 3 h of constant infusion. This observation

agrees with similar studies performed for other labeled
pituitary glycoproteins where apparent equilibrium was
achieved after 3 h (11, 12). That '31I-labeled and un-
labeled hTSH have similar rates of metabolism was
first observed by Odell et al. (7) and has been con-
firmed by our recent demonstration that labeled and un-
labeled hTSH disappeared from canine plasma with
identical curves.2

The MCRof hTSH in control patients observed in
this study of 50.7 ml/min was similar to that found by
Odell et al. of 42.5 ml/min (7) and Beckers et al. of
56.2 ml/min (8). The small difference between the
MCRobserved in control patients in the present study
and that of Odell et al. (7) may be related to the fact
that the present study included 10 of 16 men, whereas
the latter had 8 of 12 women. This apparent sex dif-
ference has been shown to be related to surface area
in the present study and can be resolved by correcting
the MCRfor surface area. Hypothyroid patients had
significantly reduced MCR of hTSH (30.9 mI/min)
which agrees with the data (36.3 ml/min) of Odell
et al. (7) but differs f rom that of Beckers et al. (8)
who showed no significant difference between normals
(56.2 mI/mmn) and hiypothyroid (62.8 ml/min) pa-
tients. Contrariwise, hyperthyroid patients had acceler-
ated MCR (60.9 ml/min), which agrees with the ob-
servations (60.6 mI/mmn of Beckers et al. (8). These
findings suggested that the MCRof hTSH was related
to the metabolic state of the patient, and a significant
(P < 0.001) correlation was found between the serum

'Ridgway, E. C., F. R. Singer, B. D. Weintraub, and
F. Maloof. Metabolism of human thyrotropin in the dog.
Submitted to Endocriniology for publication.
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with Decreased Thyroid Reserve

bTSH Stimulation

RAI uptake TTi
hTSH$ hTSH

BMR Thyroid antibodies Before After Before After hTSH MCR PR

% % ijg/100 ml pU/ml ml/min mU/day

+10 Strongly positive N.D. N.D. N.D. N.D. 12 43.6 753
-8 Negative 16 20 6.0 6.0 12.5 39.5 711
-9 Strongly positive 19 27 6.0 6.0 6.2 52.3 467
+2 Negative 20 10 4.5 5.0 14.5 42.6 889

-19 Strongly positive 18 15 6.0 5.5 16.5 30.4 722
N.D. Negative 14 27 5.5 5.5 41 37.2 2,196

TT4 and triiodothyronine concentration and the MCR
hTSH. Previous workers had also shown that the
clearance rate of TSH injected into animals was de-
pendent on the metabolic state of the animal but unre-
lated to the presence of thyroid tissue per se (13, 14).

The exact sites of clearance of hTSH have not been
resolved. We have recently studied the clearance of
['1I]hTSH in the dog and shown that significant clear-
ance occurred only in the kidney and not in the liver,
thyroid, or femoral muscle.' These data are supported
by the present study, which demonstrated a significant
(P < 0.001) correlation between the endogenous cre-
atinine clearance and MCRof hTSH, and agree with
the observation that patients with renal insufficiency
had reduced MCRof hTSH (8). Whether clearance
by the kidney involves degradation' or excretion is un-
known. Previous studies (15, 16) have shown bio-
assayable thyroid-stimulating substances in the urine
of myxedematous and some normal subjects suggest-
ing that hTSH, like other glycoproteins, is partially
excreted into the urine in a biologically active form.

The calculation of the hTSH PR from the observed
hTSH MCRdepends on an accurate measurement of
the serum concentration of endogenous hTSH and the
assumption that the endogenous hTSH concentration
remains constant for the 24-h period. Accurate deter-
minations of endogenous hTSH have been possible in
primary hypothyroidism, but precise distinctions be-
tween normal and hyperthyroid patients have only re-
cently been reported (4, 5). These newer methods have
utilized nonequilibrium conditions, highly purified la-
beled hTSH, higher dilutions of sera, and incubation
pf standards in "TSH-free" serum. These methods

permit differentiation of hTSH concentrations in nor-
mal and hyperthyroid patients and yield lower values
for normal serum hTSH than had previously (7, 8)
been used for calculation of the hTSH PR. Further,
the assumption that the 24 h production rate of hTSH
remains constant has been supported by studies showing
constant blood levels of hTSH during the 24-h period
(3, 17, 18). However, more recent studies (19, 20)
utilizing sensitive radioimmunoassays have demonstrated
a significant small and brief rise in hTSH concentra-

.

0
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FIGURE 5 Correlation of serum hTSH concentration and
hTSH PR. The regression line was calculated by the
method of least squares. r = 0.93.
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tion in the early morning hours, suggesting a cir-
cadian variation in TSH production. Thus the results
in the present study, which assumes constant produc-
tion of hTSH, may be slightly low since this method
does not include the brief rise of hTSH during the
early morning hours.

The mean calculated hTSH PR for control subjects
observed in the present study was lower than that re-
ported by Odell et al. (7) or Beckers et al. (8). Since
the hTSH MCRin these three studies were similar, the
disparity in hTSH PR was due to the higher en-
dogenous serum hTSH concentrations found in the
control patients of the previous investigators. Odell
et al. (7) used a radioimmunoassay in wvhich serum
was first concentrated in order to detect normal levels,
whereas Beckers et al. (8) were not able to distin-
guish normal from hyperthyroid hTSH serum concen-
trations. The data of the latter investigators (8) sug-
gested that the hTSH PR in hyperthyroidism was
slightly higher than that in normal patients. The present
study clearly demonstrated that hyperthyroid patients
have hTSH PR that are lower than northal patients.
Further, patients with hyperfunctioning thyroid nodules
had undetectable hTSH PR that could not be distin-
guished from classical hyperthyroid patients. Never-
theless, further refinement of the hTSH assay may
detect subtle differences in the hTSH serum concentra-
tions and PR in these two disorders similar to that
found for ACTH production in the single adrenal
adenoma versus adrenal hyperplasia in Cushing's dis-
ease (21).

Patients with primary hypothyroidism or decreased
thyroid reserve had elevated serum concentrations and
production rates of hTSH. Although a small part of the
elevated serum hTSH concentrations in these two dis-
orders was related to delayed clearance, the major deter-
minant was an accelerated PR. For the first time, this
study has demonstrated that an elevated serum hTSH
level was related to an elevated PR of hTSH throughout
the spectrum of primary thyroidal failure. Furthermore,
acute treatment of five hypothyroid patients with intra-
venous triiodothyronine for 10 days decreased the hTSH
PR and serum concentrations before significant changes
were observed in the hTSH MCR, suggesting that the
acute changes in serum TSH concentrations resulted
from central pituitary inhibition before peripheral clear-
ance of hTSH was altered.

The patients with decreased thyroid reserve had ele-
vated serum concentrations and PR of hTSH, clearly
demonstrating that although such patients appear clini-
cally euthyroid, their pituitary glands are secreting
more hTSH than normal. Thus, these patients were
probably secreting less thyroid hormone than -was nor-
mal for their individual metabolic requirements, and

the increase in pituitary hTSH secretion may be an
early and very sensitive indicator of subtle pritnary
thyroid failure. The importance of slight but signifi-
cantly elevated serum hTSH concentrations requires
thorough investigation, since the consequence of this
subclinical metabolic state on the growth and function
of the pituitary and on hTSH and other pituitary hor-
mones may have important implications.

In conclusion, these studies on patients with a variety
of thyroid disorders showed that the primary deter-
minant of the serum hTSH concentration is the pitui-
tary hTSH secretion rate rather than its MCR. Al-
though a highly significant relationship exists between
the hTSH clearance rate and the serum concentration
of thyroxine and triiodothyronine, the changes in the
hTSH clearance rate in various thyroid disorders are
less than and may occur later than changes in the
hTSH secretion rate.

ACKNOWLEDGMENTS
We appreciate the expert technical assistance of Ms. Linda
Lorenz and Chris Rack and the secretarial support of Ms.
Ruth DiBlasi and Ms. Rose Rich. Human TSH Reference
Standard B was kindly provided by the Medical Research
Council, Mill Hill, England.

The study was supported by U. S. Public Health Service
Grants RO1 HD 05195, AM 04501 09, and 1 RO1 CA
12479.

REFERENCES
1. Odell, W. D., J. F. Wilber, and R. D. Utiger. 1967.

Studies of thyrotropin physiology by means of radio-
immunoassay. Recent Prog. Horm. Res. 23: 47.

2. Mayberry, W. E., H. Gharib, J. M. Bilstad, and G. W.
Sizemore. 1971. Radioimmunoassay for human thyro-
trophin: clinical value in patients with normal and ab-
normal thyroid function. Ann. Initern. Med. 74: 471.

3. Hershman, J. M., and J. A. Pittman. 1971. Utility of
the radioimmunoassay of serum thyrotrophin in man.
Ann. Intern. Med. 74: 481.

4. Patel, Y. D., H. G. Burger, and B. Hudson. 1971.
Radioimmunoassay of serum thyrotropin: sensitivity and
specificity. J. Clin. Endocrinol. Metab. 33: 768.

5. Ridgway, E. C., B. D. Weintraub, J. L. Cevallos, M. C.
Rack, and F. Maloof. 1973. Suppression of pituitary
TSH secreton in the patient with a hyperfunctioning
thyroid nodule. J, Clin. Invest. 52: 2783.

6. Bakke, J., N. Lawrence, and S. Roy. 1962. Disappear-
ance rate of exogenous thyroid-stimulating hormone
(TSH) in man. J. Clin. Endocrinol. Metab. 22: 352.

7. Odell, W. D., R. D. Utiger, J. F. Wilber, and P. G.
Condliffe, 1967. Estimation of the secretion rate of
thyrotropin in man. J. Clin. Invest. 46: 953.

8. Beckers, C., J. Machiels, C. Soyez, and C. Cornette.
1971. Metabolic clearance rate and production rate of
thyroid-stimulating hormone in man. Horm. Metab. Res.
3: 34.

9. Tait, J. F. 1963. Review: the use of isotopic steroids
for the measurement of production rates in vivo. J.
Clin. Endocrinol. Metab, 23: 128$,

902 X. C. Ridgway, B. D. Weintraub, and F. Maloof



10. Hunter, W. M., and F. C. Greenwood. 1962. Preparation
of iodine-131 labelled human growth hormone of high
specific activity. Nature (Lond.). 194: 495.

11. Kohler, P. O., G. T. Ross, and W. D. Odell. 1968.
Metabolic clearance and production rates of human
luteinizing hormones in pre- and postmenopausal woman.
J. Clin. Invest. 47: 38.

12. Coble, Y. D., Jr., P. 0. Kohler, C. M. Cargille, and
G. T. Ross. 1969. Production rates and metabolic clear-
ance rates of human follicle-stimulating hormone in
premenopausal and postmenopausal women. J. Clin. In-
vest. 48: 359.

13. D'Angelo, S. A. 1951. Disappearance rate of exogenous
thyrotropin from the blood of normal and hypophysecto-
mized rats. Endocrinology. 48: 249.

14. D'Angelo, S. A. 1955. The metabolism of thyrotrophic
hormone in the rat. Endocrinology. 56: 37.

15. Hertz, S., and E. G. Oastler. 1936. Assay of blood and
urine for thyrotropic hormone in thyrotoxicosis and
myxedema. Endocrinology. 20: 520.

16. Rawson, R. W., and P. Starr. 1938. Direct measure-
ment of height of thyroid epithelium: a method of

assay of thyrotropic substance; clinical application.
Arch. Intern. Med. 61: 726.

17. Raud, H. R., and W. D. Odell. 1969. The radioimmuno-
assay of humani thyrotropin. Brit. J. Hosp. Med. 2:
1366.

18. Webster, B. R., A. R. Guansing, and J. C. Paice. 1972.
Absence of diurnal variation of serum TSH. J. Clin.
Endocritwi. Metab. 34: 899.

19. Patel, Y. C., F. P. Alford, and H. G. Burger. 1972.
The 24-hour plasma thyrotrophin profile. Clin. Sci. 43:
71.

20. Vanhaelst, L., E. Van Cauter, J. P. Degaute, and J.
Golstein. 1972. Circadian variations of serum thyrotropin
levels in man. J. Clin. Endocrinol. Metab. 35: 479.

21. Nelson, D. H., J. G. Sprunt, and R. B. Mims. 1966.
Plasma ACTH determinations in 58 patients before or
after adrenalectomy for Cushings syndrome. J. Clin.
Endocrinol. Metab. 26: 722.

22. Cooper, D., E. C. Ridgway, L. Lorenz, and F. Maloof.
1972. The thyroid-pituitary-hypothalamic axis in eu-
thyroid patients with Graves' ophthalmopathy. Clin.
Res. 20: 864. (Abstr.).

hTSH Production Rate 903


