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Circadian variations in concentrations of plasma thyroxine and triiodothyro-
nine in man. J. Appl. Physiol. 39(2): 297-299. 1975.—The plasma
concentrations of thyroxine (T4), triiodothyronine (T'3), and total
protein (Pr) were measured at 2-h intervals in 8 male subjects
during two 24-h periods. Plasma T, and T3 levels varied signifi-
cantly during the day. T4 values were highest at 0900 hours and
thereafter declined rapidly reaching lowest levels at 1500-1700
hours (mean decrement, 13.29% of 0900-hour value). Plasma T;
was highest at 0900 hours and lowest at 1700-1900 hours (mean
decrement, 16.79, of 0900-hour value). Fluctuations observed in
Pr were not significant. Variations in plasma T4 and T3 appeared
concordant with respect to time, since no significant variation was
detected in T'3:T4 plasma concentration ratios. In view of previous
studies that have demonstrated circadian variations in the binding
of thyroid hormones by plasma proteins, it is suggested that the
observed temporal variations in plasma concentrations of T3 and
T4 reflect parallel changes in the capacity or affinity of specific
plasma binding proteins of these iodothyronines.

plasma iodothyronine rhythms; thyroid hormones

CONFLICTING DATA have been reported regarding the exist-
ence of circadian rhythmicity in the plasma concentration
of thyroxine (Ty) (3, 4, 6, 10, 15, 16), and little information
is available regarding daily fluctuations in the plasma con-
centration of triiodothyronine (T;). Recent studies have
suggested that circulating Ty and T; originate largely from
dissimilar sources (2, 9, 11, 12, 14). Whereas T is secreted
by the thyroid gland, T appears to be derived principally
from the deiodination of T, by peripheral tissues. The cur-
rent study was designed to evaluate. /) whether periodic
changes in the levels of T, and T; could be detected using
assay techniques considered specific for these iodothyro-
nines, 2) interrelationships between circadian variations in
plasma levels of Ty and T3, and 3) the correlation between
fluctuations in plasma levels of iodothyronines and plasma
total protein concentration, an index of plasma volume
alterations.

MATERIALS AND METHODS

Eight male volunteers aged 18-21 yr participated in a
study to assess the levels of circulating T4 and T3 during two
24-h periods. The subjects were housed in a metabolic unit
during the study. Room temperature was maintained at

70°F, and overhead lights were turned on at 0700 and off at
2300. Participants were served a regular diet consisting of
three meals, with unrestricted fluid intake, and were
allowed out of bed during the study between 0700 and
2300. At 0800 indwelling intravenous butterfly units were
inserted in the forearm and maintained patent with small
quantities of heparinized saline. Heparinized blood samples
were obtained from the 8 subjects at 2-h intervals from
0900 through 0700 of the following day. Blood was sampled
from a three-way stopcock attached to the intravenous unit
using a two-syringe technique. A small quantity of blood
was first withdrawn and discarded to clear the contents of
the tubing; then 10 ml of heparinized blood were withdrawn
in a second syringe. Plasma specimens were promptly frozen
for subsequent analysis. The entire sequence of blood
sampling was repeated 48 h after completion of the first
study. The plasma concentration of trilodothyronine was
measured by radioimmunoassay! (13): T, iodine, by com-
petitive protein binding assay at Bio-Science Laboratories,
Van Nuys, Calif.; and total protein, by the Biuret method.
All determinations were performed in duplicate. An approx-
imate three-factor analysis of variance procedure was used
to analyze the data for each measurement separately (8).
The factors were subjects (8), periods (2 days), and times of
day (12). Both subjects and periods were considered random
effects since a repetition of the experiment would bring in
new randomly selected subjects to be observed in randomly
selected periods.

RESULTS

Representative data are presented in Table 1 for each
measurement. The highest plasma T mean concentration
occurred at 0900 (Fig. 1) and was significantly higher than
each of the remaining eleven means (P < 0.05). A progres-
sive decline in circulating Ts; was noted during the day,
reaching a nadir at 1500-1700 hours. The 1700 hour mean
was significantly different from all other means (P < 0.05)
except the means of 1500, 1300, 0500, and 0700. The
highest plasma T; mean concentration occurred at 0900
(Fig. 2) and was significantly higher than each of the re-
maining eleven means (P < 0.05) except for those observed
at 1100 and 0300 (P > 0.05). A progressive decline in cir-
culating T3 was noted during the day reaching a nadir at

! Measured by Drs. M. I. Surks and J. H. Oppenheimer.
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1700-1900. No significant difference was observed among
the Pr means for the twelve times (Fig. 3). To assess the
effects of plasma volume fluctuations, iodothyronine con-
centrations were indexed to the concentration of Pr. T3:Pr
concentration ratios exhibited significant circadian periodic-
ity (P < 0.05), with highest measurements at 0900 and
lowest at 1700-1900. T4:Pr concentration ratios varied
significantly during the day; highest levels occurred at 0900
and lowest levels between 1500 and 1700. Plasma T3 and
Ts kept pace with each other throughout the 24-h period;
no significant differences were noted in the T;3: T4 concen-
tration ratios.

DISCUSSION

The present study demonstrates significant circadian
variations in the plasma concentrations of thyroid hormones.
A number of earlier studies failed to demonstrate significant
fluctuations of the circulating protein-bound iodine (PBI)
during the day (4, 10, 16). Walfish and co-workers (16)
detected a decreased plasma disappearance rate of [**'1]Ty
between 0200 and 0800 despite no change in the serum PBI,

TABLE 1. Variations in plasma Ty, T3, and
Prin subject 8*

Day 1 Day 2

Hour Ts Ts Pr Hour Ts Ts Pr

0900 4.35 148 7.782 0900 4.70 142 6.235
1100 3.85 142 7.345 1100 4.40 134 6.759
1300 3.65 131 7.927 1300 4.40 143 8.164
1500 3.30 127 8.000 1500 4.40 134 8.055
1700 3.55 123 7.655 1700 4.30 127 6.813
1900 3.55 124 7.564 1900 4.60 125 7.066
2100 3.55 128 7.836 2100 4.50 125 6.723
2300 3.40 104 7.509 2300 4.20 133 6.578
0100 3.55 111 7.102 0100 4.55 142 6.578
0300 3.70 111 6.651 0300 4.30 139 6.380
0500 3.65 95 6.361 0500 4.10 137 6.687
0700 3.45 109 6.759 0700 4.45 119 6.163

* Plasma measurements of male subject during two 24-h periods.
T, thyroxine iodine; Tj, total triidothyronine; Pr, total protein.
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FIG. 1. Plasma concentrations of thyroxine iodine in 8 subjects
(average measurements during two 24-h periods). Error term =
0.08586 with 9.5 degrees of freedom (Satterthwaite’s approximation).
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FIG. 2. Plasma concentrations of total triiodothyronine measured as
described in legend to Fig. 1. Error term = 126.8 with 3.4 degrees of
freedom (Satterthwaite’s approximation).

90, T
0900 1300

9-
E
o
e
:UJ MEANS
z
w
=
o
@
a
)
=
=
o
-
<
=
(2]
<
_
o
6 — — v —————r —rr
0900 1300 1700 2100 0100 0700 0900 2300 0700
TIME TIME

FiG. 3. Plasma concentrations of total protein measured as described
in legend to Fig. 1. Error term = 0.6724 with 9.6 degrees of freedom
(Satterthwaite’s approximation).

a measurement that reflects largely circulating Ty The
increased nocturnal concentration of [**I]T, was attributed
to plasma volume contraction since a similar slowing in the
rate of disappearance of [®*I]albumin from plasma during
this period was documented. In contrast to earlier reports
of absent diurnal variation of the serum PBI, Vernikos-
Danellis et al. (15) reported significant circadian fluctua-
tions in plasma levels of thyroxine measured by competitive
protein-binding assay. T4 levels were assessed at 4-h inter-
vals with maximal levels occurring at 0730. The magnitude
of the maximal variation in plasma T; detected by Vernikos-
Danellis was approximately 10-20 %. O’Connor and co-
workers (6) observed slightly higher mean plasma T con-
centrations during wakefulness than during sleep in a group
of four euthyroid men.

The determinants of the plasma concentration of total
T: and T; are threefold: 1) secretion or production, 2)
degradation, and 3) binding by plasma proteins. The scope
of the present study does not permit rigorous separation of
these determinants as etiological factors in the observed
circadian variations in plasma hormone levels. Neverthe-
less, it appears likely that the plasma T4 and Tj fluctuations
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are related to alterations in the capacity or affinity of the
binding proteins for the hormones. Vernikos-Danellis et al.
(15) noted increased serum binding of tracer T3 concomi-
tantly with the early morning elevation of plasma Ti.
Lemarchand-Beraud and Vannotti (4) observed a circadian
rhythm in hormonal binding by plasma proteins. Assessing
plasma thyroxine binding by equilibrium dialysis, these
investigators observed that the dialyzable fraction of T,
which is inversely related to the strength of T4 binding by
plasma, was lowest in the early morning and significantly
higher at 1600 hours. The basis of changes in plasma hor-
mone binding is uncertain. In the present study simulta-
neous monitoring of plasma Tj; and T4 concentrations and
plasma total protein concentration, a commonly accepted
index of plasma volume changes, suggested that iodothyro-
nine variations were not attributable to plasma volume
alterations. Significant variations were detected in Ty:Pr
and T3:Pr concentration ratios. Although the principal
binding protein of T4 and Tj, thyroxine-binding globulin, is
a minor constituent of the total plasma protein, hydrational
changes in the plasma compartment would be expected to
influence the concentrations of specific binding protein and
total protein in a similar manner.

Changes in hormone secretion, production, or degrada-
tion would appear to be much less likely explanations of the
circadian variation in plasma levels of thyroid hormones.
Conflicting data have been reported regarding the detection
of a circadian rhythm of plasma TSH in man (1, 4, 7).
Nicoloff (5) demonstrated circadian release of radioiodine
from the prelabeled thyroid gland in euthyroid man. How-
ever, these fluctuations appeared related to the release of
intrathyroidal inorganic iodine and not to varying secretion
of iodothyronines. The biological half-life of T4 is approxi-
mately 7 days and that of Tj is about 1-1.5 days in man.
Only major changes in hormone production, secretion, or
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degradation during the day would likely affect plasma
hormone levels. Moreover, in view of the current evidence of
disparate origins of Ty and T; (i.e., T4 is secreted by the
thyroid gland, while T is derived largely from the deiodina-
tion of Ty in peripheral tissues), circadian variation in the
production or degradation of these hormones might be
expected to produce asynchronous changes in the plasma
levels of T3 and T4. The current study demonstrates, to the
contrary, that the variation patterns of the two hormones
with respect to time of day are remarkably synchronous.
This synchrony in plasma T3 and T4 rhythms, on the other
hand, appears consistent with varying hormone binding by
plasma proteins during the day: according to current con-
cepts, T; and T4 share the same binding sites on carrier
proteins, and alterations in the binding proteins should
affect the levels of the two hormones similarly.

The present study confirms the existence of a circadian
rhythm of plasma T, and demonstrates the presence of a
parallel rhythm of plasma Tj. It is suggested that fluctua-
tions in hormonal binding by plasma proteins may be
responsible for the observed variation in plasma total hor-
mone measurements.
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