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Combined test of anterior pituitary function in children
D. C. L. SAVAGE, P. G. F. SWIFT, P. G. B. JOHNSTON, D. J. GOLDIE, AND D. MURPHY
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SUMMARY A combined test of anterior pituitary function was used on 21 normal children. It
shows that a comprehensive evaluation can be made of growth hormone, thyroid stimulating
hormone, adrenocorticotrophic hormone, and gonadotrophin reserve. Simultaneous assessment
of those peripheral glands associated with the anterior pituitary is possible by the measurement of
thyroid hormones, cortisol, and gonadal steroids. The procedure can be completed in 4 hours with
minimum inconvenience and distress to the child.

The development of sensitive radioimmunoassay
methods for the measurement of hormones, and the
diagnostic use of hypothalamic hormones have
greatly simplified the investigation of endocrine
disorders. Recently it has become apparent that in
the investigation of anterior pituitary function
(Mortimer et al., 1973) many tests can be run in
parallel. This report confirms the practicability of
these methods in a group of 21 normal children.

Material and methods

Twenty-one boys were referred to the endocrine
clinic because of short stature or delayed puberty.
No other abnormality had been found. After an

overnight fast, an intravenous normal saline in-
fusion was given in a forearm vein. After basal
blood samples had been taken, insulin 0 1 U/kg,
luteinising hormone-releasing hormone (LH-RH)
100 ,ug, and thyrotrophin-releasing hormone (TRH)
200 ,ug were injected intravenously; each injection
was given as a single bolus using separate syringes.
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At 120 minutes L-dopa was given orally with the
following dosage: weight < 14 kg, 125 mg; weight
14-32 kg, 250 mg; weight > 32 kg, 500 mg (Table).
Serum or plasma was separated and stored at
-20°C until assayed.
Serum growth hormone (GH) was measured by

double-antibody immunoassay by the method of
Hartog et al. (1964), expressed in mU/l of the
WHO-IRP standard 66/217. Serum thyroid-stimu-
lating hormone (TSH) was measured by double-
antibody radioimmunoassay using reagents supplied
by the National Pituitary Agency, USA, and the
results were expressed in mU/l of MRC standard
68/38. Serum luteinising hormone (LH) and follicle-
stimulating hormone (FSH) were measured by
double-antibody radioimmunoassay and expressed
in U/l of LH standard MRC 68/40 and FSH
standard MRC 69/104. Serum testosterone was
measured by radioimmunoassay with an antibody
raised against testosterone- loc-BSA. Serum thy-
roxine and triiodothyronine were measured by the
radioimmunoassay methods of Challand et al.

(1975). Plasma fluorogenic corticosteroids were

measured by the method of Mattingly (1962) and

Table Plasma levels of GH, cortisol, glucose, and thyroid-stimulating hormone (TSH) (mean and range)

IV insulin, IVLHRH, IVTRH Oral L-dopa

Time (min) 0 15 30 60 90 120 160 180 200 220 240

GH (mU/1) 2.4 11.3 14.5 13.7 10.9 14.3 14.7 14-3 9.7 7.0
(2-27-9) (2-50) (2-40) (2-33) (2-30) (2-67) (2-56) (2-48) (2-25) (2-25)

Cortisol (nmol/l) 558 876
(235-1230) (510-1390)

Glucose (mmol/1) 4.2 1-87 3.97
(3.6-5.7) (1*2-3-1) (3-3.-89)

TSH (mU/1) 2.12 7.9 8.7 5-7 2.9
(1-8-3-5) (3-5-14-5) (4-19) (2-11) (2-6.5)

Conversion: SI to traditional units-Cortisol: 1 nmol/l aw 0-036 pig/100 ml. Glucose: 1 mmol/I w 18 mg/lOOml.
301
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blood glucose by a modification (Pennock et al.,
1973) of the glucose oxidase method of Trinder
(1969).

Results

Growth hormone. Intravenous insulin gave satis-
factory hypoglycaemia, that is a decrease > 50%
of the fasting blood glucose level, in 17 of the 21
children. No child experienced more than mild
drowsiness during this part of the procedure.

In our laboratory a normal GH response consists
of a peak level of at least 8 mU/l; this is in general
agreement with most other investigators (Root et al.,
1967; Frasier, 1967; Kaplan et al., 1968; Joss,
1975). After insulin-induced hypoglycaemia, 2
children had an inadequate GH response. After
L-dopa 5 of the 21 children had a peak GH
response < 8 mU/l; 3 vomited the drug so
that the test had to be terminated, and many of the
children were nauseated. With these two sequential
tests, in only 1 of 18 children (6%) did the GH levels
not reach 8 mU/I. The mean response and the range
are shown in the Table.

TSH and thyroid hormones. The basal levels of TSH
were <3 5 mU/l. After TRH plasma TSH reached
a peak at 30 minutes, declining towards basal levels
at 120 minutes. There was a large variability in
individual responses to TRH. The mean response and
the range are shown in the Table.
The mean basal thyroxine level was 117 nmol/l

(9 ,ug/100 ml), range 91-136 nmol/l (7-10-6 ,ig/100
ml); and the mean basal triiodothyronine level 1I6
nmol/l (1 *04 ,ug/100 ml), range 1 *5-1 *8 nmol/l
(0 98-1 -17 ,ug/100 ml). In all but 3 children both
thyroxine and triiodothyronine levels increased at
2 hours after TRH; the mean increase in thyroxine
concentration was 20 - 9 nmol/l (1 * 6 ug/100 ml)
(17% rise), range 0-55 nmol/l (0-4 3 ,g/100 ml);
and triiodothyronine 0-5 nmol/l (0 33 ,tg/100 ml)
(31 % rise), range 0-1 * 1 nmol/l (0-0 * 72 ,ug/100 ml).

Gonadotrophins and gonadal steroids. After LH-RH,
plasma LH reached a peak at 15-30 minutes (Fig. 1).
Prepubertally there was a moderate rise in LH; the
smallest increase above basal levels was 2 - 7 U/l and
the greatest peak response 8-0 U/I. At puberty there
was a marked increase in the LH surge after LH-RH,
the minimum peak response being 10-2 U/1.
The release ofFSH after LH-RH was maximal at

60 minutes. As a group, the pubertal boys had a
greater response to LH-RH than'the prepubertal
boys, but in an individual test no clear distinction
could be made between a prepubertal or pubertal
response (Fig. 2).

Prepubertally there was no difference in the basal
and 4-hour testosterone levels which were all
<3 nmol/l (0-87 ng/ml). At puberty testosterone
levels 4 hours after LH-RH were 2-12 nmol/l
(0-58-3 -46 ng/ml) higher than basal levels, and the
percentage rise was greatest at mid- to late puberty.

35

30

25

20

-J

10

0 _

Minutes
30 60 120

Pubertal boys --
Pepubertal boys -

Fig. 1 Effect of 100 Fg LH-RH on serum LH in
prepubertal and pubertal boys: mean and range.
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Fig. 2 Effect of 100 Lg LH-RH on serum FSH in
prepubertal and pubertal boys: mean and range.
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We found a similar pattern of response with
oestradiol levels in girls.

Cortisol. The mean basal and 60-minute cortisol
levels are given in the Table. Those children with
basal cortisol levels >700 nmol/l (25 4 Vg/100 ml)
did not show a rise after insulin-induced hypogly-
caemia.

Discussion

In adults the advantage of a combined test to assess
the reserve of anterior pituitary hormones has been
clearly shown (Mortimer et al., 1973). There is only
one similar account in children (Girard et al., 1975).
Both reports show that the simultaneous adminis-
tration of insulin and the hypothalamic releasing
hormones, LH-RH and TRH, do not alter the
hormonal response from that seen during a specific
single test.

Insulin-induced hypoglycaemia is the most reliable
definitive test for GH release. However, it is im-
portant to use two sequential tests since any single
stimulus may fail to induce growth hormone release
in 10-15% of normal children (Kaplan et al., 1968;
Frasier, 1974). We used L-dopa as the second
stimulus for GH release (Boyd et al., 1970; Weldon
et al., 1975), but the timing of the response was
unpredictable and nausea and vomiting reduced the
acceptability of the drug. For this reason we now
use arginine (0 5 g/kg) infused over 30 minutes as
the second stimulus.
With these sequential tests only one child had GH

peaks <8 mU/I: a boy of normal stature under
investigation for delayed pubertal development, a
time at which there is often a poor response to GH
stimulation tests (Penny and Blizzard, 1972). In the
investigation of GH reserve, the initial blood
samples for GH should be taken immediately the
intravenous infusion is set up, since the stress of the
procedure often induces GH release with a sub-
sequent refractory period during the GH stimulation
tests (Joss, 1975).

Recently Maeda et al. (1976) showed that GH
release is significantly inhibited after insulin-induced
hypoglycaemia when 1000 ,ug TRH is infused before
and during the test period. However, Besser has
shown that a bolus of 200 ,g TRH has no significant
effect on GH release when insulin and TRH are
given simultaneously (Besser et al., 1971). Our results
confirm this, since the mean GH level of 14 mU/l is
similar to that we have found when insulin is used
alone and is markedly different from those of GH-
deficient subjects whose GH peaks have ranged
from <2 to 4 mU/1.

A TRH test is not often necessary since basal
plasma thyroxine, triiodothyronine, and TSH levels
give good information of thyroid status. However,
for suspected hypothalamic or pituitary disease, the
test is valuable and its combined administration
with other releasing hormones or insulin has
proved satisfactory. In adults the release of TSH
following TRH is accompanied by a peak increase
of serum triiodothyronine at 2-3 hours and serum
thyroxine at 6-8 hours (Shenkman et al., 1972;
Lawton et al., 1973; Patel and Burger, 1973).
Although our study confirms the proportionately
greater rise of triiodothyronine compared with
thyroxine at 2 hours, 3 children showed no rise above
basal levels of either. We now measure both at 2
and 4 hours respectively. These values in conjunction
with the TSH response allow a full assessment of
both the thyroid reserve and the integrity of the
pituitary-thyroid axis.
As reported by others we found that at the onset

of puberty there was a marked increase in LH
release after LH-RH. This pattern is similar in both
sexes (Job et al., 1972; Roth et al., 1973). FSH
release after LH-RH does not distinguish the pre-
pubertal from the pubertal child, and the FSH
response in girls is generally greater than in boys at
all ages (Job et al., 1972; Suwa et al., 1974; Franchi-
mont et al., 1974).
An increase in plasma cortisol after insulin-

induced hypoglycaemia is a satisfactory reflection of
the ability of the hypothalamic pituitary axis to
release ACTH. When necessary, ACTH should be
measured not only at 0 and 30 minutes but also at
60, 90, and 120 minutes to detect the maximum
levels reached after hypoglycaemia.
We have not measured prolactin regularly since

its assay is rarely required in paediatric practice. Its
release follows insulin-induced hypoglycaemia
(Frantz et al., 1972) and also TRH stimulation
(Friesen et al., 1972) so that basal samples and levels
at 30 and 60 minutes give information of the
hypothalamic-pituitary prolactin status. It has been
shown that its measurement can be satisfactorily
incorporated in a combined test of anterior pituitary
function (Mortimer et al., 1973).

This combined test greatly simplifies the in-
vestigation of endocrine disorders in children,
allowing a full assessment of the hypothalamic-
anterior pituitary axis and peripheral gland reserve
(thyroid, adrenal, and gonads). It is, however,
relatively expensive and time consuming and should
not be used as a screening test for growth hormone
deficiency but reserved for the child with suspected
hypopituitarism. It is now our practice to admit
these children overnight and to discharge them
after completion of the test within 24 hours.
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