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Summary

The day to day variation and the effects of oestrogen on
the urinary excretion of thyroxine (T-4) were studied in
euthyroid women and men. Serial urinary T-4 values over
a period of 28 consecutive days were found to lie within
relatively narrow limits except for a transient increase
during menstruation in women. During oestrogen
therapy urinary T-4 was unchanged, but an appreciable
rise was seen after stopping oral ovulation inhibitors in
women. A similar effect was seen in men after three days'
treatment with 20 Fg/day of ethinyloestradiol. The
increased urinary T-4 excretion on oestrogen with-
drawal reached a maximum in one to three days. This
response contrasted with that produced by phenytoin, a
drug known to bind to thyroxine binding globulin, and
which resulted in increased urinary T-4 excretion during
the period that it was being administered.

Introduction

Increased levels of oestrogen in the blood, whether of exogenous
or endogenous origin, have profound effects on thyroid function
tests. Heinemann et al. (1948) were the first to report that serum
protein bound iodine (P.B.I.) increased in pregnancy and
Engstrom and his colleagues (1952) found that this could be
induced in non-pregnant women by oestrogen administration.
The rise in P.B.I. levels is accompanied by a shift in the uptake
of triiodothyronine (T-3) by the patient's serum or red cells into
the hypothyroid range (Hollander et al., 1963; Winikoff and
Taylor, 1966). Both effects can be attributed to an increase in
certain serum proteins and their capacity to bind thyroid
hormones (Dowling et al., 1956; Engbring and Engstrom, 1959;
Tata, 1960; Florsheim and Faircloth, 1964). Clark and Horn
(1965) introduced the free thyroxine (T-4) index, calculated
from the P.B.I. and T-3 uptake results, to correct for changes in
these serum levels. Circulating T-3 levels also increase during
pregnancy (Hotelling and Sherwood, 1971) despite the fact that
it is less avidly bound by thyroxine binding proteins as com-
pared with T-4. Other thyroid parameters which are influenced
by the administration of oral ovulation inhibitors include the
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secretion of thyroid stimulating hormone (Fisher and D'angelo,
1971; Galton, 1971), thyroidal 131I uptake (Kennedy et al.,
1964; Boccabella and Alger, 1964), the T-4 half-life (Engbring
and Engstrom, 1959), and circulating free T-4 concentration
(Arango et al., 1968; Rosenbaum et al., 1968; Fang and Selen-
kow, 1970; Malkasian and Mayberry, 1970). The latter is of
particular interest as it is regarded as the biologically active
fraction, and thus reflects the true thyroid status ofthe individual.
The present study was undertaken to assess the effects of

oestrogen on urinary T-4 excretion, as it has been suggested
that the latter relates directly to the serum free T-4 concentra-
tion (Chan and Landon, 1972). Serial urinary T-4 values over a
period of 28 days were studied in euthyroid men and women,
and compared with those in women receiving oral contraceptives.
The effects of ethinyl oestradiol and of phenytoin administra-
tion on urinaty T-4 excretion in healthy euthyroid men were
also investigated.

Subjects and Methods

A total of 66 volunteers were studied, comprising 34 healthy
ambulant subjects, 20 euthyroid inpatients, and 12 women
receiving oral ovulation inhibitors.

Urine was collected from each subject over a single 24-hour
period, together with a 12-ml blood sample. Further urine
collections were made for 28 consecutive days in three groups
of healthy volunteers aged 20 to 30. The groups comprised five
men, five women, and five women who had been receiving oral
ovulation inhibitors containing either 50 Fg per tablet of ethinyl-
oestradiol or mestranol for periods of four to 36 months.
A further nine healthy euthyroid male volunteers were

studied to determine the effect of ethinyloestradiol on urinary
T-4, serum total T-4, and T-3 uptake. Samples were collected
for a three to five-day control period during the three days they
received ethinyloestradiol (20 Fg daily) and for four to six days
afterwards.
The effects of phenytoin on thyroid function were also

studied in one healthy euthyroid man. Samples were collected
for a three-day control period during the four days of phenytoin
medication and for a further two days after cessation of therapy.

Blood samples were separated within two hours of vene-
puncture and the serum stored at -20'C until required for
assay. The determination of serum P.B.I. by a Technicon
automated method, and a total T-4 and T-3 uptake by a Sepha-
dex equilibration technique, was performed as described pre-
viously (Chan and Landon, 1972; Chan et al., 1972).

Urinary T-4 estimations were made using duplicate 3-ml
aliquots of urine according to the method described previously
(Chan and Landon, 1972). This involved acidification of the
urine sample, solvent extraction, and determination of T-4
content of the extract by saturation analysis.
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Results

The results of single 24-hour urinary T-4 determinations and
of other in-vitro tests of thyroid function in control subjects and
in women receiving oral contraceptives are compared in the
Table. Urine T-4 values in 54 euthyroid subjects ranged from

In-vitro Thyroid Function Tests (mean + S.E.) and Correlation Between Them

Euthyroid
(n= 54)

Urinary T4 (,ug/24 hr) 8-0 +0-29
Serum total T4 (gg/1O0 ml).. 9-1 +0-23
Serum T-3 uptake (%) 105-4 +0-89
Serum P.B.I. (Qg/lO0 ml) .. 6-2 +0-16

* Based on Student's t test (2-tailed).
N.S. = Not significant.

Women on Oral
Ovulation Inhibitors

(n= 12) P*

7 9 +0-52 N.S.
l1-8 +0-72 <0-001

123-9 + 1-91 <0 001
8-2 +0-52 <0 001
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The effect of phenytoin medication in one euthyroid man is
shown in Fig. 3. Urinary T-4 excretion increased at the start
of therapy and decreased on stopping. No appreciable changes
were observed in either serum total T-4 or T-3 uptake through-
out the duration of the study.
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4-3-12-7 ,ug/24 hr. The 12 women who were taking oral ovula-
tion inhibitors all had urine T-4 values within this range,
and the mean levels of the two groups were not significantly
different. In contrast, mean serum total T-4, P.B.I., and T-3
uptake values were all significantly different (P < 0001) from
the control values.
The mean serial urinary T-4 values over a 28-day period

for each group are shown in Fig. 1. In the euthyroid male group
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FIG. 2-Effect of ethinyloestradiol on thyroid function
tests in healthy euthyroid men. Data represent mean
values in nine subjects.
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FIG. 1-Mean day to day variation in urinary thyroxine excretion in three
groups of healthy volunteers, comprising five euthyroid men, five euthyroid
women, and five euthyroid women receiving oral ovulation inhibitors.
Arrows indicate oestrogen withdrawal period for women receiving oral
ovulation inhibitors. Standard deviations of means are shown.

there was no significant variation in T-4 excretion over the
28 days, and values for each subject fell witbin relatively
narrow absolute limits (O0-8 [tg/24 hr of the subject's mean).
Findings were similar in the group of euthyroid women,

except that there was a transient rise during menstruation,
ranging from 1 to 2 ,Lg/24 br. Urinary T-4 values in women re-

ceiving oral ovulation inhibitors showed an appreciable in-
crease above basal levels after withdrawal of oestrogen/proges-
togen, ranging from 2 to 4-3 ,ug/24 hr. Their T-4 excretion
returned to basal levels within five days and was not significantly
influenced by resumption of oral contraceptives. The difference
between the mean urinary T-4 value after oestrogen with-
drawal as compared with that during the remainder of the
cycle was statistically significant (P < 0-01).
The effect of ethinyloestradiol administration in a group of

nine healthy euthyroid men is shown in Fig. 2. Urinary T-4
excretion remained constant before and during therapy, but
each subject showed a large increase above control levels after
oestrogen withdrawal. The rise was transient, reaching a maxi-
mum (ranging from 3-1 to 8'6 tug/24 hr. above basal levels)
within one to three days and then returning to normal. No sig-
nificant change was noted in the mean serum total T-4 and T-3
uptake during and after oestrogen therapy.
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FIG. 3-Effect of phenytoin on thyroid function tests
in one healthy euthyroid man.

Discussion

It has previously been suggested that urinary T-4 excretion
is directly related to serum non-protein bound (free) T-4
concentration (Chan and Landon 1972). The normal urinary
values found in women during administration of ovulation in-
hibitors or oestrogens alone support the findings of Arango
et al. (1968), Rosenbaum et al. (1968), and Fang et al. (1970),
that circulating free T-4 levels are normal during oestrogen
therapy.
The transient increase in urinary T-4 after oestradiol with-

drawal contrasts with the immediate increase observed on the
initiation of phenytoin therapy. It is probable that pheny-
toin displaces T-4 from serum protein binding sites, resulting
in an increased circulating free hormone concentration, and
this is reflected in an increased urinary T-4 excretion. This is
not an artefact due to the presence of phenytoin or its meta-
bolites in the urine since we have shown that there are in-
sufficient quantities extracted from the urine to interfere with
the T-4 determination in the in-vitro assay system.
A decrease in T-4 binding capacity of serum may account

for the pronounced increase in urinary T-4 observed during
oestrogen withdrawal both in women on oral contraceptives
and in men given ethinyloestradiol. Since this effect was
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observed after only three days treatment with a small dose of
ethinyloestradiol it is possible that this may reflect an alteration
in binding constant of thyroxine binding proteins rather than a
quantitative change. The rapidity with which urinary T-4
returns to basal levels is probably due to the negative feedback
control mechanism of the pituitary-thyroid axis whereby
circulating levels of the free T-4 influence the release of thy-
rotrophin. Other possible explanations for these findings in-
clude alteration of the hepatic metabolism of T-4 after oestrogen
withdrawal, which might account for, or contribute to, the
increase in urinary T-4 excretion.
A short course of treatment with ethinyloestradiol did not

produce any significant effect on the routine serum thyroid
function tests used, although pronounced changes in urinary
T-4 excretion were observed. This reflects the sensitivity of
the urine T-4 assay. Continued investigation of this thyroid-
ovarian inter-relation is required. Studies of the effects of
increased circulating free T-4 on sex hormone binding capacity
and of oestrogen therapy on serum thyroid stimulating hor-
mone levels may help in this respect.
We thank Dr. A. Richens for his help in the phenytoin studies,
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Prevalence of Antibody to Current Influenza Viruses and
Effect of Vaccination on Antibody Response
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Summary

The extent of antibody to the influenza virus A/Hong
Kong/68 (H3N2) after four years of prevalence was
investigated in Britain and in the U.S.A. The results
indicated a high incidence in both populations. The pre-
valence of antibody to a variant A/England/42/72 (H3N2)
which has been causing epidemics of influenza in the
southern hemisphere during the middle months of 1972
was also investigated. The differences reflect the shift in
antigenic content of this variant, and although the overall
proportion of the sera with antibody at > 1/40 was 37%,
some age groups had an incidence ofonly 20% or less with
antibody at this level. A commercial inactivated A/Hong
Kong/68 influenza vaccine was given to a group of volun-
teers in Britain to see how effective it might be in stimu-
lating antibody to the variant A/England/42/72. The
antibody responses were better than expected from ear-
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lier vaccine studies, and 63% of the vaccinees developed
antibody to the A/England/42/72 to levels thought likely
to be protective. This suggested that until a vaccine made
with the variant A/England/42/72 becomes available the
present A/Hong Kong/68 vaccine would be of use to
protect those at special risk this winter.

Introduction

The appearance of the influenza virus A/Hong Kong/68 (H3N2)
in 1968 was followed by extensive winter epidemics in which in
Britain about two-thirds of the population acquired antibody to
this virus (Miller et al., 1971). The winter of 1970-1 was notable
in Britain for the absence of epidemiological indices of influenza
prevalence, with no increase in morbidity or mortality rates.
This would have been regarded as a non-influenza winter, but
it was apparent to laboratory workers that the virus was, none
the less, circulating to a small extent, since 50 strains of virus
were isolated. During the winter of 1971-2 the virus reappeared,
and over 700 strains were isolated from cases all over the country.
Because of the extended period during which this occurred only
small changes resulted in the epidemiological indices. It seemed
probable that after these further two years most people in
Britain would have antibody to the A/Hong Kong/68 virus and
there were likely to be insufficient susceptibles to allow further
epidemics of any size to occur.

In the autumn of 1972 epidemics of influenza were reported
in the southern hemisphere associated with strains which were
significantly different from the A/Hong Kong/68 virus. These
strains were found to be similar to one (numbered A/England/42/
72) that had been isolated from a case of influenza in January
1972 in England and which was the only strain of 752 examined
that winter to show altered antigenic characteristics (Schild
et al., 1972). It was realized that if this variant strain spread in
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