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SUMMARY

Mean plasma cortisol 4 to 6 hours af ter 1 mg Synacthen Depot in normal subjects,
simple goiter and hypothyroidism w~re not significantiy different. On the contrary
after stimulation cortisol leveis in untreated hyperthyroidism were significantly below
than those of normais and significantly higher than those of primary and secondary
hypoadrenalism. After several injections of Synacthen Depot 6 cases of hyperthy
roidism showed reduced adrenal reserve. The study of adrenal reserve in hyperthy
roidism af ter 1 to 14 months of methimazole shows a tendency of the adrenal reserve
to improve with time. These observations led the author to the belief that the reduced
adrenal reserve in this situation must be due mainly to a direct effect of thyroid
hormones upon the adrenal cortex.

There has been much discussion about the action of thyroid hormones upon the
adrenai cortex and cortisoi metaboiism. Studies in laboratory animais have shown that
high leveis of thyroid hormones induce adrenal hyperthrophy, whereas iow leveis cause
atrophy (Money 1954; Fregly et ai 1962). The majority of authors believe that the
thyroid hormones influence the adrenal cortex and increase the peripheral catabolism
of corticosteroids (Brown et ai 1958; Peterson 1958 and 1959). This increased corti
costeroid cataboiism appears to be due to greater reduction of the A-ring of steroids, to
increased activity of giucose-6-phosphate dehydrogenase and to a rise in 5 a-reductase
in the iiver microsomes (Tomkins and McGuire 1960); according to other authors,
there is aiso an increased oxidation of C-1 1 hydroxyi radical (Heliman et ai 1961). In
hyperthyroidism the binding levei of plasma 17-OHCS (Brown et ai 1958) and the
levei of cortisol secretion (Cope and Biack 1958; Peterson 1958) are increased, with
a rise in the urinary excretion of corticosteroids and their metaboiites (Peterscn 1958;
Feiber et ai 1959; Heliman et ai 1961; Martin and Mintz 1965; Kenny et ai 1967).
However, piasma 1 7-OHCS and cortisoi leveis were normal (Levin and Daughaday
1955; Peterson 1958; Pittman 1971). There was an increase in the speed of disappea
rance of an injected dose cif cortisoi (Levin and Daughaday 1955; BrGwn et ai 1958;
Peterson 1958; Beisei et ai 1964). In one study the ieveis of ACTH in plasma were
measured and found to be raised in hyperthyroidism (Hiiton et ai 1962).

The reverse changes were found in patients with hypothyroidism: there was re
duced catabolism of corticosteroids, with a fali in urinary steroid excretion (Levin and
Daughaday 1955; Peterson 1958; Feiber et ai 1959; Heilman et ai 1961; Martin and
Min’tz 1965; Kenny et ai 1967) but normal plasma leveis of corticosteroids. There was
reduction of cortisoi secretion (Peterson 1958) and decrease of cortisol ciearance
(Peterson 1958; Beisel et ai 1964).

* Part of this investigation was presented at the «Fourth International Congress on Hormonal
Steroids», Mexico City, 1974 and published in summary form (Galvão-Teles et ai 1974).
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These changes reverted to normal when the hyper or hypothyroidism was
treated (Peterson 1958; Lessof et ai 1969).

li was found that leveis and binding capacity of corticosteroid-binding globulin
(CBG), were normal in both hypo and hyperthyroidism (Doe et ai 1964; Beisel et ai
1964).

According to Pittman (1971), the stimulation of the adrenais by ACTH increases
the abnormaiities of cortisol metabolism which are present under basal conditions, in
patients with thyroid dysfunction. Thus, after the administration of ACTH there was
increased excretion of 17-OHCS in the urine of patients with hyperthyroidism and a
reduction in those with hypothyroidism (Martin and Minta 1965). On the contrary,
stimuiation of plasma 1 7-OHCS was below normal in hyperthyroidism and greater than
normal in hypothyroidism (Brown et ai 1958; Pittman 1971). However, Feiber et ai
(1959) found in hyperthyroidism a normal response of urinary 1 7-OHCS in the first
day of ACTH administration, with no increase during the second day of treatment with
ACTH. Thesc workers ciassified patients with hypothyroidism into two groups: the
first group had a subnormal response during the two days of infusion, whereas the
second group had a normal response on the first day and a greater-than-normal response
on the second day. In the investigation reported by Havard et ai (1970), the adrenais
exhibited a normal response to ACTH stimulation.

A normal response to metyrapone in patients with hyperthyroidism was described
by Liddle et ai (1962) and Kowal and Soffer (1963), although some patients had a
subnormal response (Gold et ai 1961; Brownie and Sprunt 1962). This test, however,
is difficult to interpret in hyperthyroidism, as in this condition there is not always a
total inhibition of 11 ~3-hydroxylase (Brownie and Sprunt 1962).

Jackson et ai (1966) showed that the majority of patients with hyperthyroidism
had a normal response to insulin-induced hypoglycaemia, although some individual pa
tients had a reduced response.

The purpose of the present study was to measure the adrenal reserve, with the
4-6 hours Synacthen Depot test as described by us eisewhere (Galv~o-Te1es et ai 1971;
Ga1v~o-Teles 1979) in patients with different thyroid diseases.

MATERIAL AND METHOD
SUBJECTS STUDIED

Patienis with simpie goiter — 16 wthyroid patients.
Patienís with hypothyroidism — 13 patients: 10 with primary hypothyroidism,

3 with isolated TSH deficiency.
Patients wiih hypershyroidism — 25 patients in 3 groups: grotip 1 — 17 pa

tients studied before treatment; group 2 8 patients treated with methimazole (30-
-20 mg/day) for between 1 to 5 months: 5 were in the first group and 3 had not been
studied before the initiation of treatment; group 3 — 12 patients treated with methi
mazole (20-15 mg/day) for between 6 to 14 months: 7 were also in group 1 and 5 out
of this 7, also in group 2.

The results on these groups with thyroid diseases were compared with those
found in normal subjects, in patients with primary adrenai insufficiency and secondary
adrenal insufficiency, published by us in another paper (Galvão-Teles 1979):

Normais — 87 subjects, 21 males and 66 females, aged 18 to 64 years.
Primary adrenal insufliciency — 17 patients: 13 with Addison’s disease and 4

with total bilateral adrenalectomy on corticosteroids.
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Secondary adrenal insufficiency — 21 patients: 14 on steroids, 6 with panhypo
pituitarism and 1 with isolated ACTH deficiency.

The patients were not taking any drugs but those mentioned.

PROTOCOL AND METHOD

Detaiis of the protocol and the method for the measurement of plasma cortisol
(1 1-hydroxycorticosteroids — 1 1-OHCS) are given in our previous paper (Galvão-Teles
1979).

RESULTS

There was no significant difference in plasma cortisol leveis of normal subjects
(mean ± SD: basal— 20.9 ± 6.39 ~g/100 mi; 4 to 6 hours — 62.9 ± 12.26 ~g/
/100 ml) of patients with simple goiter (basal— 16.9 ± 5.92 ~g/100 ml; 4-6 hours
— 58.9 ± 9.60 ~ig/100 ml) and of patients with hypothyroidism (basal — 19.5 ± 5.21
~g/100 ml; 4-6 hours — 62.3 ± 15.44 ~ig/m1) (Table 1; Fig. 1).
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Table 1

Plasma cortisol (basal and 4-6 hours afler Synac;hen Depol) in ali group5. ,i-number of deje,
,fliflations

PLASMA CORTÍSOL

GROUP (j~g/1OOml)

BASAL 4—6H

mean ± SD 20.9 ± 6.39 62.9 ± 12.26
NORMAL (range) (4 — 32) (45 — 98)

(n) (94) (188)

ADDISONS mean ± SD 8.8 ± 4.51 9.8 ± 3.67
DISEASE (range) (3 — 20) (4 — 20)

(n) (26) (45)

SECONDARY mean ± SD 9.0 ± 6.44 21.3 ± 12.65
ADRENAL (range) (1 — 26) (3 — 52)
INSUFFICIENCY (n) (30) (47)

SIMPLE mean ± SD 16.9 ± 5.92 58.9 ± 9.60
GOITER (range) (4 — 28) (41 — 80)

(n) (16) (34)

HYPOTHY- mean ± SD 19.5 ± 5.21 62.3 ± 15.44
ROIDISM (range) (13 — 31) (41 —90)

(n) (12) (28)

HYPERTHY- mean ± SD 13.6 ± 10.43 35.3 ± 777
ROIDISM (range) (2 — 29) (20 — 56)

(n) (32) (63)

HYPERTHY- mean ± SD 13.9 ± 6.29 38.9 ± 13.82
ROIDISM (range) (3 — 24) (22 — 62)
1-5 Month’s (n) (9) (18)
Treatment

HYPERTHY- mean ± SD 13.7± 4.16 44.1 ± 13.6k
ROIDISM (range) (5 — 21) (13 — 82)
(-14 (n) (15) (29)
Month’s
Treatment

Thirty two Synacthen Depot tests were carried out in 17 patientS with untreated
hyperthyroidism (group 1). The basal values of plasma cortisol in this group of patients
(mean±SD: 13.6± 10.43 ~g/100 mi) were significantly beiow those of normais (p iess
tharz 0.001) and significantiy higher than those of the group with Addison’s disease
(8.8±4.51 ~ag/100 mi) (p iess than 0.05). There was no difference between the basai
values of the group with hyperthyroidism and those of the group with secondary adrenal
insufficiency (9.0 ± 6.44 j.~g/100 mi) (Table 1). The mean (± SD) of plasma cortisol
leveis 4 to 6 hours after •the injection in the hyperthyroid group was 33.3±7.77 ~g/
/100 ml (range 20 to 56) (Tabie 1; Fig. 1). These vaiues are significantiy iower than
thqse of the normal group, of patients with simple euthyroid goiter and of hypcvthyroid
patients (p less than 0.001). On only 4 occasions in three patients were leveis of plasma
cortisol at the iower iimit of normal range (45 ~ig/100 ml) : in ali other cases the
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plasma cortisol was beiow normal. The leveis of plasma cortisoi reached after the
injection of Synacthen Depot in the group with hyperthyroidism were significantly
higher than thosc in the groups with Addison’s disease (mean ± SD: 9.8 ± 3.67
~tg/100 ml) (p less than 0.001) and with secondary adrenai insufficiency (mean ± SD:
21.3 ± 12.65 ~g/lO0 mi) (p less than 0.001). There was no overlap of individual
plasma cortisol values in patients with hyperthyroidism and in those with Addisons
disease. On the other hand, there was much overlap of individual values in the groups
with hyperthyroidism and with secondary adrenal insufficiency respectively.

In order to explore the possibility of recovery by the adrenal cortex after repeated
stimulation with ACTH, injections of 1 mg Synacthen Depot were given at 48-hour
intervals to 6 of the 17 patients with hyperthyroidism (Fig. 2). Each dot on the curve
represents the highest levei of plasma cortisol 4 or 6 hours after the injections ôf
Synacthen Depot.

In patient A. C. normal leveis of plasma cortisol were found 4 hours after the
first injection (although at 6 hours the levei was 40 ~tg/100 ml, which is beiow nor
mal), further injections revealed a defective response to Synacthen Depot. In none of
the remair~ing five patients was the response normal, i.e. in no case after the Synacthen
injections was there a total recovery of the adrenal cortex. After three injections in
patient A.C., 4 injections in patient E.A.C. and 5 injections in patient I.S.S. the leveis
of plasma cortisol at 4 to 6 hours were iower than the leveis after the first injection.

Fifteen patients, with hyperthyroidism treated for 1 to 14 months were studied
(table 1, Fig. 3). At the time of testing, ali the patients were ciinically euthyroid. The
basal plasma cortisol values in 9 tests in 8 patients treated for 1 to 5 months (group 2)
(mean ~ SD 13,9 ± 6,29 [Ig/100 mi) and in 15 tests in 12 patients treated for

SYNACTHEN .DEPOT 1 mg

2 4 6 8
DAYS

Fig. 2 — Reiponse of plasma cortisol ia muinpie injeclions of Synacthen Depol adrninisiered ai
inierials of 48 hours to panent5 wi.th hyper.thyroidism. The shaded areas represeni lhe normal

group’s reiponse (above) and the reiponse of the group with Addison s disease

4’
,~ NORMAL RESPONSE 4

‘1

1/
20

4

~10~

,SS

ADOISONS DISEASE



320 A. GALVÃO-TELES

6 Lo 14 months (group 3) (13.7 ± 4.16 ~g/100 ml) were identical with one another
and with those in Lhe group of patients with hyperthyroidism before treatment.

The mean (± SD) plasma cortisol ~fter Synacthen Depot in Lhe group of patients
treated for 1 to 5 months was 38.9 ± 13.82 ~.ig/100 ml, which is not significantly
different from Lhe results in Lhe group of untreated hyperthyroid patients, but signifi
cantiy different from the normal group (p less Lhan 0.001). In two cases the values
were normal at 4 and at 6 hours, whereas in another patient the values were normal
at 6 hours but less than normal (39 ~g/100 ml) at 4 hours. In ali remaining cases the
values were below nprmal (Fig. 3).

Fig. 3 — Plasma co,tisol 4-6 hoars afie, Synacthen Depos in gtoups of palients
roidism before sreatment and after treatment for 1 lo 5 montbs and for 6

(Means ± SD). The shaded area represents the normal response

with byperthv
lo 14 7flOnthS

In the group treated for 6 Lo 14 months Lhe mean (± SD)of 15 tests was
44.1 ± 13.66 ~g/100 ml, significantly higher than the group of patients with untreated
hyperthyroidism (p less Lhan 0.001). There was, however, no significant differerice
between Lhe two treated groups (p less than 0.2). lii Lhe group treated for 6 to. 14
months, of Lhe 15 tesLs carried out 5 were totally normal, whereas in one Lhe plasma
cortisol at 6 hours was normal, but slightly below the lower limit of normal at 4 hours
(43 ~g/100 ml). There was great overlap in individual findings in the three groups
of paLients with hyperLhyroidism (Fig. 3).

There is a tendency for Lhe adrenal reserves Lo improve as the duration of LreaLmenL
increases (Table 2).
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DISCUSSION

Values of basai plasma cortisol and of plasma cortisol after Synacthen Depot
were normal in patients with simple goiter and with hypothyroidism. These results
confirm those of~Havard et ai (1970) and, in part, those of Felber et ai (1959) but
they disagree with those of Brown et ai (1958) and Pittman (1971).

In patients with hyperthyroidism the basal plasma cortisoi leveis are significantly
iower than those of normal individuais and significantiy higher than those of patients
with primary adrenai insufficiency. However, there is considerable overlap.

The majority of authors believe that, in hyperthyroidism, the changes in cortisoi
metabolism are more important than changes in adrenal reserve. On the other hand,
studies of reserve with ACTH have proved inconclusive: the reserves have been described
as normal (Liddle et ai 1962; Kowai and Soffer 1963) or reduced (Goid et ai 1961;
Brownie and Sprunt 1962).

Various authors (Sakiz and Guiliemin 1965) have suggested that inhibition of
TSH release is accompanied by a rise in ACTH secretion. Steinetz and Beach (1963)
concluded that the thyroid hormones indirectiy infiuence the adrenais, by increasing
the release of ACTH by the pituitary. High leveis of ACTH measured directly, have
been reported by Hilton et ai (1962) in a group of patients with hyperthyroidism.

In the authors group of patients with hyperthyroidism the adrenal reserve was
reduced but not absent, the plasma cortisoi leveis 4-6 hours after 1 mg Synacthen Depot
being significantly beiow those in normal individuais and significantiy higher than
those in patients with primary adrenai insufficiency. This shows that the adrenal cortex
can respond to exogenous ACTH (and probabiy to stress), but in a subnormai manner
without maximai stimulation; this correlates with the iow basai leveis. On the other
hand, the iack of recovery of adrenal reserve after several injections of Synacthen Depot
at 4g-hour intervais in 6 of 17 cases shows that the reduced adrenal function in
hyperthyroidism is not due essentiaily to ACTH deficiency. For these reasons, the
authors beiieve that the reduced adrenai reserve in this situation must be due principaiiy
to a direct action of thyroid hormones upon the adrenal cortex. Also in favour of this
interpretation is the fact that, in many patients treated for several months and kept in
a state of euthyroidism, the corticai reserve continues diminished. However, in the present
series, there was a tendency for recovery to &cur as treatment was continued.

These resuits are in agreement with those reported by Moore and Calias (1972).
These authors found that changes in the zona fascicuiata of albino rats with hyperthy
roidism were different from the uitrastructural changes reported by other workers
(Lever 1956; Sabatini and De Robertis 1961) in the adrenai cortex, after ACTH
stimuiation. These facts (Moore and Cailas 1972) suggest in’directiy that the thyroid
hormones affect the adrenai cortex.

Moreover. studies cf thyroxine turnover (Ingbar and Freinkel 1958; Nicoioff
and Dowling 1968) and of triiodothyronine (Woeber et ai 1970) in patients with
hyperthyroidism showed that turnover of these hcrrnones can remam high years after
the correction by treatment of the hyperthyroidism. This may account for deiay in cor
ticai. recovery during treatment.

However, the reduced basai leveis of plasma cortisol found by the authors in
hyperthyroidism cannot be explained by the above considerations: an abnormality of
ACTH metabolisrn has to be postuiated. This probiem will be resoived oniy by measuring
ACTH in such a situation.
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RESUMO

Tem sido muito discutida a acção das hormonas tiroideias sobre o córtex suprar
renal e o metabolismo do cortisol. Neste trabalho, a reserva cortical foi determinada pelo
doseamento do cortisol plasmático 4 e 6 horas após uma injecção intramuscular de 1 mg
de Synacthen Depósito. Foram estudados 16 doentes com bócio simples em eut~roidismo,
13 com hipotiroidismo e 25 com hipertiroidismo. Os resultados encontrados nestes
grupos foram comparados com os obtidos em 87 indivíduos normais, 17 com insuficiência
suprarrenal primária e 21 com insuficiência suprarrenal secundária. O cortisol plasmático,
após Synacthen Depósito, não era estatisticamente diferente nos indivíduos normais, com
bócio simples e com hipotiroidismo. Pelo contrário, após estimulação, os níveis de cor
tisol plasmático no grupo com hipertiroidismo eram significativamente inferiores
(p < 0,001) aos níveis encontrados nos grupos de normais, e significativamente supe
riores (p < 0,001) aos níveis nos grupos com insuficiência suprarrenal primária e secun
dária. Seis casos com hipertiroidismo revelaram uma reserva cortical diminuída, após
múltiplas injecções de Synacthen Depósito. O estudo da reserva cortical, no grupo de
doentes com hipertiroidismo após 1 a 14 meses de trat~mento com metimazole, mostrou
uma tendência da reserva suprarrenal a normalizar-se com o tempo. Estas observações
levaram o autor a pensar que a diminuição da reserva cortical no hipertiroidismo é
devida principalmente a um efeito diredto das hormonas tiroideias no córtex suprarrenal.
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