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factors. That neither patient had discoloured teeth supports this
theory. Discolouration of teeth occurs only if excess uropor-
phyrin is present when the dentine of the permanent teeth is
being laid down and hence will not occur when the disease is
of late onset.4
There was no positive history of photosensitivity in other

members of the family. A diagnostic concentration for erythro-
cyte uroporphyrin in latent heterozygotes for Gunther's disease
must remain in doubt till more families are studied. In three
family studies concentrations ranging from 48 to 1324 nmol/l
(4-110 ,Lg/100 ml) of red cells have been found in presumed
heterozygotes, whereas normal family members showed only a
trace.'4 15 One of us (W.H.L.) has found erythrocyte uropor-
phyrin concentrations of 36 and 30 nmol/l (3-0 and 2-5 pg/
100 ml) of red cells in the parents (presumed heterozygotes)
of a very recently discovered second Australian patient and
51 nmol/l (4-2 jug/100 ml) in a sister. Thus, we provisionally
accept a concentration of at least 30 nmol/l (2-5 4g/100 ml) of
red cells as being consistent with the heterozygote state. On
this criterion five of our patient's relatives would be latent
heterozygotes, as were presumably his two deceased brothers.
These results support a familial nature to this man's porphyria
and thus future studies of the descendants of five uncles and six
aunts of the patient would be worthwhile.

We thank Dr. D. Deller, formerly of the Department of Medicine,
Royal Adelaide Hospital, for permission to publish data on this case.

Requests for reprints should be addressed to Dr. R. W. Pain,
Division of Clinical Chemistry, Institute of Medical and Veterinary
Science, Box 14, Rundle Street Post Office, Adelaide, South Australia
5000.

ADDENDUM: Since this report was prepared the patient died
with bronchopneumonia, and a poorly differentiated squamous
cell carcinoma of the lung was found at necropsy. It is of interest
that one brother also had a carcinoma of lung, and the other
died with a myocardial infarct.
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Effect of Lithium on Hypothalamic-Pituitary-Thyroid
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Summary

Hypothalamic-pituitary-thyroid (H.P.T.) function was
assessed in 17 patients on maintenance doses of lithium
carbonate for a mean period of 21 months (range 1-67
months) and by serial studies on four patients from the
start of lithium treatment for a maximum of six months.
An exaggerated thyrotrophin (TSH) response to intra-
venous thyrotrophin-releasing hormone (TRH) occurred
in 14 of the 17 patients on maintenance treatment, though
basal TSH levels were raised in only three. Two of the
three patients were clinically and biochemically hypo-
thyroid and showed a delayed recovery of normal
H.P.T. function after lithium was stopped. There were
no significant differences in thyroid hormone or basal
TSH levels between the euthyroid lithium-treated
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patients and a group of controls. In all four patients
studied serially an exaggerated TSH response to TRH
developed soon after starting lithium and persisted
throughout the period of observation. Basal TSH levels
increased in two of the four patients within the first two
weeks of treatment but no consistent trend was found in
total thyroxine and total triiodothyronine levels. We
suggest that the exaggerated TSH response to TRH is
due mainly to the well established direct effects of
lithium on the thyroid.

Introduction

Lithium treatment is occasionally associated with the develop-
ment of goitre and frank hypothyroidism,'-4 which is thought
to be due to the direct inhibitory action of lithium on thyroid
hormone secretion with a compensatory increase in thyrotrophin
(TSH) levels. 5-'0 There is no general agreement, however, on
the effect of lithium on thyroid hormone levels in clinically
euthyroid patients. Some workers have reported a significant
reduction in the levels of protein-bound iodine and total
thyroxine (T-4) and triiodothyronine (T-3), whereas others
have found no significant changes5 7-13 The effect of lithium on
basal TSH levels also remains in doubt.6-9 Thus to establish
in more detail the nature and frequency of lithium-induced
abnormalities of hypothalamic-pituitary-thyroid (H.P.T.) func-
tion we have carried out tests with thyrotrophin-releasing
hormone (TRH) on lithium-treated patients, since the response
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of TSH to intravenous TRH provides a sensitive index of
changes in the axis.'4 We have found that most patients on
lithium for affective disorders give an abnormal response to
TRH throughout the period of treatment.

Subjects and Methods

Twenty-one patients receiving lithium carbonate for affective dis-
orders (19 with bipolar depression, 2 with unipolar depression)
were divided into two groups: (1) 17 patients (5 men and 12 women)
with a mean age of 48 years (range 30-63 years) who had been on
maintenance treatment with lithium for a mean period of 21 months
(range 1-67 months), 14 of whom underwent tests of H.P.T. function
on two or more occasions with at least three months between tests;
and (2) four patients (one man and three women) with a mean age of
32 years (range 18-62 years) on whom serial tests of H.P.T. function
were carried out before starting lithium, at one and two weeks after
starting treatment, and thereafter at monthly intervals for up to six
months.

Controls-Seventeen patients with affective disorders not receiving
lithium were matched for age and sex with the patients in group 1 for
comparison of total T-4 and T-3 and free thyroid hormone indices.
For comparison of the TSH responses to TRH the results in groups
1 and 2 were compared with those obtained in 50 normal and hos-
pitalized people (22 men and 28 women; mean age 38 years) with no
evidence of thyroid disease.

Lithium Dosage-Patients received lithium carbonate as either
250-mg standard tablets or 400-mg delayed-release tablets. The total
individual daily intake ranged between 750 and 2750 mg taken in
divided doses. Blood samples for lithium assay were taken before the
morning dose, and serum lithium levels were maintained between 0-6
and 1-6 mmol/l in both groups of patients. No patient received any
other medication known to interfere with thyroid function.

Serum Hormones-Serum total T-4 and T-3 were measured by
semiautomated radioimmunoassays.15 The serum binding capacity
for thyroid hormones was determined by Thyopac-3 (Radiochemical
Centre, Amersham). Free thyroid hormone indices (F.T-4.I.,
F.T-3.I.) were calculated from the T-4 and T-3 levels and Thyopac-3
results. Serum TSH was measured by double antibody radioimmuno-
assay'6 using a rabbit antihuman TSH serum supplied by the National
Institutes of Health, U.S.A.
TRH Tests-TSH levels were measured before and at 20 and 60

minutes after the intravenous injection of 200 utg TRH (Roche).
Thyroid hormone levels were measured in samples taken before the
injection, and in 12 tests T-3 was measured three hours after the
injection.

Thyroid Antibodies-Antithyroglobulin antibodies were measured
by the precipitin test and the tanned red cell haemagglutination
technique.'7 18 Antibodies to thyroid microsomes were measured
by immunofluorescence.1 9

Statistical Evaluation-was with Student's t test and the Mann-
Whitney U test.

Results

GROUP I

Two of the 17 patients in group 1 became clinically hypothyroid after
receiving lithium for 16 and 17 months respectively. Lithium was
stopped because the clinical response did not justify its continuation.

Case 1.-A 54-year-old woman whose thyroid gland was just palpable.
Thyroid function tests when lithium was stopped were: total T-4 37 nmol/l
(normal 55-144 nmol/l), total T-3 0-79 nmol/l (normal 0-8-2-2 nmol/l),
TSH 84 mU/l (normal 0-8 mU/l), and peak TSH increment after TRH
296 mU/l (normal 3-3-23 6 mU/l). One month later total T-4 was 59 nmol/l,
total T-3 1 1 nmol/l, TSH 15 6 mU/l, and peak TSH increment after TRH
336 mU/l. After two months all values were within normal limits, the
decrease in peak TSH response to TRH paralleling the fall in basal TSH
levels.
Case 2.-A 47-year-old woman with a small, diffuse goitre. Thyroid

function tests when lithium was stopped were: total T-4 8 nmol/l, total
T-3 0-5 nmol/l, TSH 138 mU/l, and peak TSH increment after TRH 62
mU/l. One month later total T-4 was 58 nmol/l, total T-3 1-2 nmol/l, TSH
73 mU/l, and peak TSH increment 112 mU/1. In contrast to case 1 the basal
TSH remained raised for at least 10 weeks and the TSH response to TRH
remained exaggerated at 28 weeks, when the basal TSH was within normal
.lmits.

Thyroid Antibodies.-Only two patients, including one of the
hypothyroid patients, were weakly positive for microsomal antibodies;
none were positive for thyroglobulin antibodies.
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Thyrotd Hormone and TSH Levels.-The two hypothyroid patients
had subnormal levels of circulating thyroid hormones. The mean
total T-4 and T-3, thyroid hormone binding capacity, free thyroid
hormone indices, and basal TSH levels are compared in the table
with the corresponding levels in the controls. Lithium treatment was
not associated with significant differences in any of the values measured.

Thyroid Hormone and Basal TSH Levels in Patients on Maintenance Lithium
Treatment Compared with Controls Matched for Age and Sex (Thyroid
Hormones) and Hospitalized and Normal People (Basal TSH).

Total T4 (nmol/l)
Total T-3 (nnmol/l)
Thyopac-3 . .

F.T-4.I.
F.T-3.I.
Basal TSH (mU/1)

Controls

Mean (Range)

100±22
1-7±03
103 ±96
7 5 ± 1-4
1 7±03
3-5 : 2.2

(59-138)
(1-0-2-3)
(85-118)

(5-3-10-3)
(1-0-2-2)
(N.D.-8.7)

Patients on Lithium
P

MeaD (Range)

88 ± 33
1*5 t 0.5
109 ± 12
6-5 ±2.3
15 ±05

17-1
3-2* ± 1-7

(8-155) N.S.
(0.8-2-5) N.S.
(88-131) N.S.
(0.5-112) N.S.
(0-4-2-6) N.S.
(N.D.-138)! fN S
(N.D.-6-0) 1

N.D. = Not detectable. N.S. = Not significant (P>0-05).
*Excluding three patients with abnormally high TSH levels.
Conversion: SI to Traditional Units
T4: 1 nmol/l_ 0.8 ngiml.
T-3: 1 nmol/l 0.6 ng/ml.

Response to TRH.-The mean peak 20-minute increment in TSH
after intravenous TRH was 66-1 mU/l (range 14-350 mU/l) compared
with 10-1 mU/l (range 3-3-23-6 mU/l) in the controls (P <0 001)
(fig. 1). There was an exaggerated response to TRH in 14 (82%) of
the 17 patients. Repeat tests on the 14 patients confirmed the exag-
gerated response. There was no significant correlation between the
response to TRH and the serum lithium levels.

*120 *416 * 248
L 1 12 * 174 * 11l, t377 *500

60 0

50.

_ 40
E

I
1- 30

20

10*

0 20 60
Time (min)

FIG. 1-Results of TRH tests in 17 patients on
maintenance lithium treatment. Shaded area indicates
range of normal TSH responses in 50 controls.

GROUP 2

Before treatment of the four patients in group 2 the TSH, T-4, T-3,
and free thyroid hormone levels were normal. Shortly after starting
lithium, however, all the patients developed an abnormal response to
TRH. An exaggerated response was seen two days after starting lithium
in one patient, within one week in two others, and within eight weeks
in the fourth patient (fig. 2). Those responses persisted throughout
the period of study. Basal TSH levels increased in two of the four
patients in the first two weeks of treatment but remained within the

-

1- ~
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FIG. 2-Change in total T-4, total T-3, free thyroxine
index, basal TSH, and peak incremental response to
TRH (mean + range) in four patients studied serially.
Shaded area indicates range in controls. (For conver-
sion from SI to traditional units see footnote to table.)

normal range. No consistent trend was noted in either total T-4 and
T-3 levels or free thyroid hormone indices. There was an increase
in the mean total T-3 level of 47% (range 0-115%) three hours after
TRH in the 12 tests in which it was measured. This was similar to
that found in the normal people (29%, range 6-88%). There was no
correlation between the percentage increase in T-3 and the peak
increment in TSH.

Discussion

These results show that most patients receiving lithium for
affective disorders give an exaggerated TSH response to TRH.
A similar response in two patients treated with lithium was
reported by Shopsin et al."1 They considered that the effect was
transitory, but our findings indicate that the exaggerated response
persists throughout treatment. Typically, an exaggerated
response to TRH is found in primary or subclinical hypothyroid-
ism together with raised basal TSH levels.2 In our study
raised basal TSH levels occurred in only three of the 21 patients,
and two of these were clinically hypothyroid with subnormal
T-4 levels.
The exaggerated response to TRH in the remaining patients

with normal basal TSH levels could have arisen in several ways.
Vagenakis et al.,'4 have showed that acute reductions in total
T-4 and T-3 within the respective normal ranges induced by
iodide result in an increased TSH response to TRH. Possibly,
therefore, lithium induces small decreases in circulating thyroid
hormone levels which are too subtle to be readily detected by
current methods. We found no significant difference in thyroid
hormone levels between the euthyroid lithium-treated patients
and a group of patients with affective disorders not receiving
lithium matched for age and sex. Nor was there any consistent
trend in thyroid hormone levels in the four patients studied
serially. If, therefore, a reduction in thyroid hormone levels is
the explanation of the exaggerated TSH response to TRH, then
clearly the H.P.T. axis must be extremely sensitive to small
changes in circulating thyroid hormone levels. Lithium may
also have a central effect on the hypothalamus or pituitary or
both or may alter the distribution space of TSH or its rate of

degradation. Interestingly, lithium may reduce the rate of T-4
disappearance in hyperthyroid patients. 21 22

Despite the almost uniform exaggeration of TSH response to
TRH which persists throughout treatment, only a few patients
(two out of 21 (9%) in our study) progress to frank hypothyroid-
ism. It has been suggested that hypothyroidism may occur only
in patients with an underlying thyroid disorder. Thus a signifi-
cantly higher incidence of antithyroglobulin antibodies has been
observed in patients with raised basal TSH levels.7 Our
observations, however, agree with the suggestion of Crowe
et al.4 that hypothyroidism may develop in patients with no
apparent evidence of underlying thyroiditis. Certainly, the
exaggerated TSH response does not seem to be related to the
presence of antibodies. At present there is no way of predicting
which patients on lithium will develop hypothyroidism.
Possibly those who show peak increments in TSH after TRH
at the upper end of the normal range or a low T-3 response
before starting lithium treatment may be most at risk of develop-
ing hypothyroidism, but further studies are required to test this
hypothesis.

In one of our patients who developed hypothyroidism the
exaggerated response to TRH was still present six months
after lithium was stopped, and in the other patient TSH levels
were raised one month after stopping lithium. This is consider-
ably longer than the recovery of normal TSH levels in patients
with primary hypothyroidism treated with the usual replacement
doses of thyroid hormone.23 Utiger24 reported that in one patient
with methimazole-induced hypothyroidism the plasma TSH
levels fell to normal within one week of the recovery of endo-
genous thyroid hormone production. Whether the delayed
return of basal TSH levels to normal in our two hypothyroid
patients indicates a degree of thyroid failure or an unusually
prolonged sensitivity to or slow clearance of lithium is unknown.
Likewise, the possible relationship between the observed
changes in H.P.T. function and the therapeutic effect of lithium
remains to be established.
We do not believe that the presence of an exaggerated TSH

response to TRH in the presence of normal basal TSH and
thyroid hormone levels constitutes an indication for discontinuing
lithium or prescribing T-4. We recommend, however, that
thyroid function in patients on lithium is assessed periodically.

We are grateful to the National Institutes of Health, U.S.A., for
the gift of the anti-human TSH serum, to the immunopathology
laboratory of the Centre for Rheumatic Diseases, Glasgow, for
measuring thyroid antibodies, to the department of biochemistry,
Stobhill General Hospital for the lithium assays, and to the consultant
psychiatrists who allowed us to study patients under their care.

References

ISchou, M., et al., British Medical3Journal, 1968, 3, 710
2 Luby, E. D., Schwartz, D., and Rosenbaum, H., Journal of the American

Medical Association, 1971, 218, 1298.
3 Candy, J., British Medical Journal, 1972, 3, 277.
4Crowe, M. J., et al., Psychological Medicine, 1973, 3, 337.
5 Sedvall, G., Jonsson, B., and Petterson, U., Acta Psychiatrica Scandinavica,

1969, SuppL. No. 207, p.59.
6 Berens, S. C., et al., Journal of Clinical Investigation, 1970, 49, 1357.
7 Emerson, C. H., Dyson, W. L., and Utiger, R. D., Journal of Clinical

Endocrinology and Metabolism, 1973, 36, 338.
8 Lazarus, J. H., and Bennie, E. H., Acta Endocrinologica (KObenhavn), 1972,

70, 266.
9 Burrow, G. N., et al., Journal of Clinical Endocrinology and Metabolism,

1971, 32, 647.
10 Spaulding, S. W., et al., Journal of Clinical Endocrinology and Metabolism,

1972, 35, 905.
"Shopsin, B., et al., in The Thyroid Axis, Drugs and Behaviour, ed. J.

Prange, p. 177. New York, Raven Press, 1974.
12 Fyro, B., Petterson, U., and Sedvall, G., Acta Psychiatrica Scandinavica,

1973, 49, 230.
13 Lauridsen, U. B., Kirkegaard, C., and Nerup, J., Journal of Clinical

Endocrinology and Metabolism, 1974, 39, 383.
14 Vagenakis, A. G., et al., Journal of Clinical Investigation, 1974, 54, 913.
"Challand, G. S., Ratcliffe, W. A., and Ratcliffe, J. G., Clinica Chimica

Acta, 1975, 60, 25.
16 Hall, R., Amos, J., and Ormston, B., British Medical Journal, 1971, 1, 582.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.3.5984.623 on 13 S
eptem

ber 1975. D
ow

nloaded from
 

http://www.bmj.com/


626 BRITISH MEDICAL JOURNAL 13 SEPTEMBER 1975

17 Anderson, J. R., Goudie, R. B., and Gray, K. G., British J7ournal of
Experimental Pathology, 1960, 41, 364.

18 Fulthorpe, A. J., et al., Journal of Clinical Pathology, 1961, 14 654.
19 Holborow, E. J., et al., British J7ournal of Experimental Pathology, 1959,

40, 583.
20 Evered, D. C., et al., British Medical.Journal, 1973, 1, 657.

21 Temple, R., et al., Mayo Clinic Proceedings, 1972, 47, 872.
22 Carlson, H. E., Temple, R., and Robbins, J., Journal of Clinical Endo-

crinology and Metabolism, 1973, 36, 1251.
'3 Cotton, G.. E., Gorman, C. A., and Mayberry, W. E., New England

Journal of Medicine, 1971, 285, 529.
24 Utiger, R. D., Journal of Clinical Investigation, 1965, 44, 1277.

Clobetasone Butyrate, A New Topical Corticosteroid:
Clinical Activity and Effects on Pituitary-Adrenal Axis
Function and Model of Epidermal Atrophy
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Summary

Clobetasone butyrate is a new corticosteroid, selected
for study because of its combitation of good activity in
the vasoconstriction test and low systemic activity in
animals. Formulated as an 005o% ointment and cream
(MolivateN it was clinically effective in patients with
eczema, its activity being significantly greater than that
of hydrocortisone 1% or fluocortolone 020°, (Ultradil).
Under conditions that predispose to maximal percutan-
eous absorption clobetasone butyrate ointment had
minimal effect on hypothalamic-pituitary-adrenal func-
tion. In an animal model of cutaneous atrophy it caused
less thinning of the epidermis than steroids other than
hydrocortisone. ClobetasonebutyrateO.05% ointment and
cream gave every indication of offering clinically effec-
tive topical anti-inflammatory activity with a wide
margin of safety.

Introduction

That medicaments can be absorbed through the skin has been
known for a long time. While this route is usually of little
significance percutaneous absorption of potent compounds can
be important. The application of corticosteroid ointments and
creams only permits an approximate dosage per unit area. An
alternative approach is to use a range of steroid preparations
of differing potency, so that an appropriate strength may be
selected, depending on the diagnosis or severity of the disease.
The prolonged application of any potent corticosteroid may

lead to atrophic skin changes and there is a risk of at least
transient suppression ofhypothalamic-pituitary-adrenal (H.P.A.)
function. Thus, a corticosteroid with greater topical anti-
inflammatory activity than hydrocortisone but lesser potential
for inducing side effects than the more potent compounds is
needed. We describe here studies performed with a new glu-
cocorticoid-clobetasone butyrate-to investigate its anti-
inflammatory activity and effect on H.P.A. function in patients
with skin diseases. The use of an animal model to assess atrophic
potential is also described.

St. Bartholomew's Hospital, London ECIA 7BE
D. D. MUNRO, M.D., F.R.C.P., Consultant Dermatologist
Glaxo Laboratories Ltd, Greenford, Middlesex
LYN WILSON, M.P.S., Clinical Research Unit Head

Studies

THE DRUG

ClobetasQne butyrate is 21-chloro-11 dehydro betamethasone 17-
butyrate. It was selected for study because screening tests indicated a
separation of topical from systemic activity. The comparative values
for topical and systemic activityl of clobetasone butyrate and five
other steroids are given in the table (in arbitrary units).

Comparative Topical (Vasoconstriction) and Systemic (Thymus Involution)
Activities of Six Corticosteroids

Vasoconstriction Thymus Involution
Corticosteroid Activity* Activityt

Betamethasone alcohol 0 8 100
Fluocinolone acetonide 100 225
Betamethasone valerate 360 170
Betamethasone behzoate 345 829
Clobetasol propionate 1869 636
Clobetasone butyrate 263 9

*On intact human skin.
tSubcutaneously in the mouse.

EFFECTIVENESS IN ECZEMA AND PSORIASIS

The topical anti-inflammatory activity of clobetasone butyrate was
studied in a series of trials involving 409 patients with eczema. The
steroid was formulated as a bland cream, without the addition of
penetrants such' as propylene glycol. Patients had bilateral, approxi-
mately symmetrical lesions to which the test and control preparations
were allocated randomly; thus the patients acted as their own controls.
All the trials were double blind, using the method described by
Williams et al2 Occlusive dressings were not used. Clobetasone
butyrate was tested in increasing concentrations of 0-01%, 0-0250,/
and 0.050/O against hydrocortisone 1% cream.
The results of these dose response trials are shown in fig. 1. Clobeta-

sone butyrate at 0-01% was similar to hydrocortisone 1%, at 0 025%
it was rather more effective, and at 0 05°,, it was significantly more
effective (P <0 05).
Though clobetasone butyrate 0 05% was not envisaged as being a

primary treatment for psoriasis, which normally responds adequately
only to the more potent steroids, we thought it appropriate to confirm
the findings in eczema in patients with psoriasis. Differences in the
relative activity of topical steroids are more readily shown in psoriasis,3
and hydrocortisone has little effect. Twelve patients with psoriasis
were studied in a double-blind trial, usingclobetasonebutyrateO05%
in a simple paraffinointment base underocclusive dressings. Ten patients
responded better to the clobetasone butyrate and two to the hydro-
cortisone ointment. Though the new steroid was more effective than
hydrocortisone, the psoriasis did not respond to it as well as would
have been expected had the condition been treated with betamethasone
valerate or clobetasol propionate.
The activity of clobetasone butyrate 0 05",, cream and ointment

was further investigated in double-blind comparisons with fluocortolone
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