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A B S T R A C T Synthetic thyrotropin-releasing hormone
(TRH) was administered to normal children and hypo-
pituitary patients in a dose of 7 jg/kg i.v. over 30-60
sec. Serum thyrotropin (TSH) and prolactin (HPr)
concentrations were measured by radioimmunoassay
before and at 15-min intervals for 2 hr after TRH. In
20 normal children HPr rose from a mean baseline
value of 7.0±1.2 (SEM) ng/ml to a mean peak value
of 39.5±5 ng/ml.

In 11 patients with growth hormone (GH) deficiency
without TSH deficiency, HPr values rose from a mean
baseline of 3.6±0.8 ng/ml to a mean peak value of
13.9+-2.8, a significantly less peak response as compared
with normal children (P < 0.005). The TSH responses
to TRH, however, were statistically indistinguishable
from those of normal children.

In 10 patients with GH and TSH deficiency both the
mean baseline HPr levels (25.0+5 ng/ml) and the
mean peak HPr levels after TRH (68.5+10 ng/ml)
were significantly higher (P < 0.005 and < 0.025) than
those of normal children. Similar comparisons were
also true for the peak TSH responses (P < 0.05). Two
panhypopituitary patients released no TSH and only
small amounts of HPr after TRH. After thyroid re-
placement therapy in eight of the patients with GH
and TSH deficiency, the mean HPr baseline levels
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(7.6+1.0 ng/ml) and peak levels (23.3+4.6 ng/ml)
after the same dose of TRH were significantly less
than their pretreatment levels (P<0.001 and <0.01)
and were within the range for normal children.

Synthetic TRH stimulates the simultaneous release
of TSH and HPr in normal children and most hypo-
pituitary patients. When the concentrations of thyroxine
(T4) and triiodothyronine (T3) are low, the levels of
HPr before and after TRH are elevated. After thyroid
replacement therapy, HPr levels decrease to normal.
T4 and/or T3 may condition the production or effects
of prolactin-inhibiting factor (PIF) activity. The TSH
and HPr responses after TRH in hypopituitary pa-
tients will determine whether the primary defect resides
in the pituitary or hypothalamus, but cannot delineate
the hypothalamic defect as a deficiency of hypothalamic
hormone production or neurohumoral transmission.

INTRODUCTION
Thyrotropin-releasing hormone (TRH)1 releases thy-
rotropin (TSH) in vivo from the pituitaries of normal
adults (1-10) and children (11, 12), and most patients
with idiopathic hypopituitarism (11-12). We have re-
ported (11) that 13 of 13 children with growth hor-
mone (GH) deficiency without apparent TSH de-
ficiency, 10 of 13 children with idiopathic GH deficiency

'Abbresiations used in this paper: GH, growth hormone;
HPr, prolactin; PIF, prolactin-inhibiting factor; T3, triiodo-
thyronine; T4, thyroxine; TSH, thyrotropin; TRH, thyro-
tropin-releasing hormone.

The Journal of Clinical Investigation Volume 51 August 1972 2143



plus TSH deficiency, and 1 of 5 children with GH and
TSH deficiency secondary to operative procedures for
craniopharyngiomas released TSH to a comparable ex-
tent as normal children after TRH injection. The inter-
pretation of these data by our group (11) and similar
data by Costom, Grumbach, and Kaplan (12) was that
at least some children with apparent TSH deficiency
had idiopathic hypopituitarism because an apparently
normal pituitary gland was not receiving the appropri-
ate releasing stimulus for TSH.

Subsequent to the demonstration that TRH releases
TSH from the pituitary, TRH has also been shown to
elevate prolactin levels from cloned rat pituitary tumor
cells in vitro (13) and in normal subjects (14-15).
The current study was undertaken to evaluate the re-
lease of prolactin (HPr) secondary to TRH stimulation
in normal children and in the hypopituitary patients
referred to above.

METHODS
Unless otherwise designated in the tables, 7 /Ag of TRH per
kg of body weight were given i.v. over a 30-60 sec period.
Serum samples were collected at - 20, 0, 15, 30, 45, and 60
min, and in most patients at 90 and 120 min. TSH, serum
thyroxine, free thyroxine (T4) (16), and GH concentra-
tions (17), and serum HPr concentrations (18, 19) were
measured as previously reported. No cross-reaction between
TSH, HPr, or GH could be demonstrated in the assay
systems.
The majority of normal children were siblings of patients

seen in our endocrine clinic and were prepubertal. One pa-
tient was seen for intrauterine growth retardation and two

TSH Response
40

20L
-20 0 15 30 45 60 90 12 PEAK

H Pr Respon3seGoo~
TIME - Minutes

FIGURE 1 Thyrotropin and human prolactin concentrations
before and after the injection of thyrotropin releasing hor-
mone i.v. in normal children (group I, stippled bars), pa-
tients with growth hormone deficiency without apparent
thyrotropin deficiency (group II, open bars), and patients
with both growth hormone and thyrotropin deficiency (group
III, cross-hatched bars). The vertical lines at the top of
each bar represent one standard error of the mean (SEM).

children had recovered from psychosocial dwarfism. One
child had a diagnosis of constitutional short stature after
appropriate testing revealed no evidence of endocrine dis-
ease. These individuals without endocrine disease are desig-
nated as "group I." Children or young adults with failure of
GH to be released secondary to a combined arginine-insulin
tolerance test (19), but with normal serum thyroxine and
free T4 determinations, are categorized as "group II." These
patients have GH deficiency zwithout apparent TSH de-
ficiency. Since there is no readily available test for TSH
reserve, it is possible that these individuals might have only
a limited response of TSH secretion if it were possible to
test for this. The patients in group III were children or
young adults with GH deficiency plus evidence for TSH
deficiency since the serum thyroxine and free T4 deter-
minations were below the normal range. The function of
other pituitary hormones in these same patients in groups
II and III has been previously reported (11). All patients
with TSH deficiency in group III had not been taking
thyroid hormone therapy for at least 10 days before testing.
All patients requiring steroid therapy were maintained on
cortisone replacement in physiological doses. Net secretory
responses of TSH and HPr were calculated by subtracting
the mean basal level (- 20 and 0 min) from the mean of
the 15, 30, 45, and 60-min levels and multiplying by 15. The
units of this calculated parameter are microunit-minutes or
nanogram-minutes, respectively. For statistical computations,
one-half of the lowest value for the sensitivity of the assay
was used when a TSH or HPr concentration was below
the sensitivity of the assay (11).

RESULTS
Normal children (Table I). The quantitative re-

sponses of HPr and TSH to TRH injections by in-
dividuals are given in Table I, and the group response
is compared with that of other groups in Fig. 1. Fast-
ing levels of HPr ranged from < 2.3 ng/ml to a maxi-
mum of 23.0 ng/ml. The majority of fasting HPr levels
were less than 10 ng/ml and the average of the means
at -20 and 0 min was 7.0±1.2 ng/ml (SEM). The
average of the mean TSH levels at these times was
2.2±0.3 /U/ml. By 15 min after injection both TSH
and HPr concentrations had increased significantly, and
concentrations of both hormones had returned to or
were returning to basal levels by 90 min postinjection.
The mean HPr concentration peaked at 15 min and
the mean TSH concentration at 30 min. However, the
peak values for each hormone at 15 and 30 min were
within 1 SEM, and suggests that both hormones are
released simultaneously and promptly after the i.v.
injection of TRH.
Group II: hypopituitary patients with GH deficiency

without apparent TSH deficiency (Table II). As pre-
viously reported (11) and as demonstrated in Fig. 1,
the TSH response of children in group II is statistically
indistinguishable from that of normal children (group
I). The mean peak response of TSH in group II was
21.0±3.4 iiU/ml, and is almost identical to the peak
response in group I of 21.7+3.1 4U/ml. HPr concentra-
tions in individuals in group II, however, increased to
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TABLE Ill-B
Group III: Prolactin* Responses before and after Thyroid Therapy

Time, min Net
Thyroid Peak secretory

Name therapy -20 0 15 30 45 60 response response

2. H. S. before 28.2 17.4 21.8 31.0 53.4 7.7 53.4 85.2
after 8.4 11.0 20.0 26.0 9.6 15.5 26.0 121.5

3. W. E. before 11.7 12.8 31.2 30.6 61.4 47.8 61.4 456.8
after 9.0 7.2 24.5 17.5 13.0 15.5 24.5 142.5

4. M. Mc. before 6.1 8.4 36.4 28.2 12.4 10.7 36.4 221.0
after 10.5 7.7 21.0 17.5 9.2 8.4 21.0 73.5

5. L. B. before 20.6 11.3 62.4 111.2 64.6 42.4 111.2 811.5
after 3.8 10.0 17.0 18.0 22.0 22.0

6. P. H. before 19.7 21.0 41.0 38.0 44.4 28.2 44.4 262.5
after 4.9 5.6 13.0 22.5 18.0 16.0 22.5 181.9

7. D. B. before 47.0 39.2 129.0 104.0 120.0 135.0 152.0 754.7
after 11.0 18.0 51.0 51.0 33.0 32.0 51.0 408.8

8. E. T. before 19.3 23.8 62.2 48.8 47.6 31.2 48.8 389.3
after 5.2 4.7 11.5 13.0 8.6 6.0 13.0 72.4

11. M. L. before 23.4 13.9 24.4 35.8 30.2 14.7 35.8 113.7
after < 2.8 3.8 6.0 5.8 4.2 3.3 6.0 33.0

12. D. B. before 320.0 400.0 720.0 462.0 376.0 438.0 720.0 2085.0
after 200.0 187.0 236.0 180.0 204.0 218.0 236.0 240.0

* Expressed in nanograms per milliliter.

a lesser extent than those of normal children (13.9±2.8
ng/ml vs. 39.5±5 ng/ml in group I). The mean peak
responses of groups I and II were significantly different
(P < 0.005). The net secretary responses also were
different (P < 0.005). One patient (S. C.) who was
clinically indistinguishable from all other group II
patients nonetheless was obviously different, as she had
very high levels of HPr before and throughout the test.
The data obtained in this patient were not used to cal-
culate the means of HPr and TSH since these results
are opposite to the HPr responses of the remainder of
the group. Although not presented in the table, the
HPr and TSH responses in one patient (F. M.) were
statistically similar when doses of 1.0 and 6.1 /Ag of
TRH per kg of body weight were administered. We
found similar responses in one patient (T. L.) when
TRH was administered for 30 min and 60 sec.
Group III: hypopituitary patients with GH deficiency

and TSH deficiency (Table III-A). The first 10 pa-
tients of the 14 listed in Table III differ from the last
four. W. B. and M. S. were the most severely affected
patients with idiopathic hypopituitarism we have ob-
served. They did not release measurable amounts of
TSH and released only small amounts of HPr after
TRH stimulation. M. L. released very small amounts
of TSH but normal amounts of HPr. D. B. released
amounts of TSH comparable to normals but had ex-
tremely elevated HPr levels with a massive absolute
increment after TRH. Because the last three patients

in Table III are obviously different than the others in
respect to HPr, the data of these three were not used
to calculate the mean values at each time for reasons
cited above for patient S. C.
The mean HPr levels for - 20 and 0 min (25.0±5.0

ng/ml) were significantly higher (P < 0.005) than the
mean baseline levels for normal children (7.1±1.2 ng/
ml). Similarly the peak responses of HPr (65.8±10.0
ng/ml) were significantly higher (P < 0.025) than
those of normal children (39.5±5.0 ng/ml) as were
the peak responses of TSH (P < 0.05).
Of the 14 patients in group III, nine had repeat TRH

tests with the same amount of TRH after they had re-
ceived replacement thyroid therapy for several months
(Table III-B). In eight, the previously elevated mean
baseline HPr levels were significantly lower (P <
0.001) after thyroid replacement therapy (7.6±+1.0
ng/ml), and were the same as group I. In addition,
the peak HPr levels were significantly less (P< 0.01)
after thyroid replacement therapy (23.3±4.6 ng/ml)
when compared with the levels while receiving no thy-
roid therapy. In the one remaining patient in group III
who received the two TRH tests (Do. B.), her very
high HPr levels fell to about half.

DISCUSSION

The explanation of why TRH stimulates HPr in addi-
tion to TSH in normal adults and children remains
obscure. Jacobs et al. (14, 18) have adequately demon-
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strated that the increased concentrations of HPr are
real and not attributable to erroneous measurement of
TSH or GH. GH did not increase after TRH in those
patients in whom it was tested. This observation further
indicates that TRH does not stimulate GH release and
that GH and HPr do not cross-react in each assay
system. HPr was significantly elevated in the pre-TRH
samples in nine of the patients in Group III, and
markedly increased in this group after TRH as com-
pared with those in groups I and II. Since the patients
in group III differed from those in group II primarily
in that they had TSH deficiency in addition to GH
deficiency, nine of the group III patients received the
same dose of TRH after they had been on replace-
ment thyroid therapy. The baseline levels and peak
HPr responses to TRH had returned to normal in
eight of the nine patients. One can logically deduce that
T4 and/or triiodothyronine (T3) may have some in-
hiibitory effect on the release of HPr, or be required
for the synthesis or release of prolactin-inhibiting fac-
tor (PIF). Alternatively, TRH deficiency may be as-
sociated with PIF deficiency. Some of these patients
(e.g., P. H. and D. B.) had normal metopirone stimu-
lation tests and were sexually developed (11) suggest-
ing that the HPr levels were not related to diminished
steroid production. In a 7 yr old male with primary
hypothyroidism we have found elevated fasting levels
of 63.4 and 45.2 ng/ml of HPr, which rose excessively
after TRH to 124 ng/ml. Thyroid replacement therapy
in seven adult patients with primary hypothyroidism
lowered basal HPr levels and blunted HPr responses
to TRH (20). Although such data are not yet available
in children, one may conclude that T4 and/or T3 block
HPr release after TRH.
The elevation of HPr in the majority of patients in

group III is indicative that most patients with idio-
pathic GH and TSH deficiency have increased secretion
of HPr, presumably conditioned by T4 and/or T3 de-
ficiency. It is equally possible that the hypothalanmic
defect that is responsible for GH and TSH deficiency
when both occur could cause excessive HPr secretion
through the abolition of PIF activity. Two patients
(M. S. and W. B.) had minimal increases in both TSH
and HPr after TRH suggesting that these two pa-
tients had primary pituitary disease instead of hypo-
thalamic or releasing factor disease. Of the 11 patients
in this group with normal TSH responses, indicating
a hypothalamic etiology of their hypothyroidism, eight
had elevated basal HPr levels. This suggests that the
finding of elevation in fasting HPr in a patient with
evidence of hypopituitarism should suggest the proba-
bility that the hypothalamus is at fault.
The explanation for the subnormal elevation of HPr

by the majority of patients in group II when they

received TRH is an enigma. Although our group II
patients are predominately prepubertal males, we did
not find any statistical difference between the baseline
levels or peak responses of HPr to TRH between males
and females in group I. Statistically significant increase
in the HPr response to TRH in women compared with
men has been reported in adults (15, 20), and is prob-
ably secondary to the differences in circulating estrogen
levels (15). This speculation would support our finding
of no male-female differences in prepubertal children.
None of these patients had received GH on the day
TRH was given, and possibly GH is necessary for
TRH to stimulate the release of HPr in the presence
of PIF, but this hypothesis requires further testing
before being accepted or rejected. Alternatively, these
patients do appear to have intrinsic pituitary disease
affecting both somatotrophs and lactotrophs. These
cells produce structurally and functionally related hor-
mones.
The testing for remaining pituitary tissue after hypo-

physectomy can be accomplished by administering TRH
and observing HPr concentrations. However, the pres-
ence of antibodies to GH, HPr, and vasopressin in the
sera of patients who have received therapy for diabetes
insipidus with injections of pitressin tannate in oil must
be recognized since cross-reactivity in the immunoassay
will falsely elevate results (21).'
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