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digoxin concentrations was found after the same dose of different
products (Lindenbaum et al., 1971). This degree of difference
must cause clinically important change if one manufacturer's
product is replaced by another. A similar situation is almost
certain to exist in other countries. In the United Kingdom Shaw
et al. (1972) showed that mean plasma digoxin concentrations of
patients in the steady state were similar whether taking Lanoxin
produced between 1969 and 1972 or taking digoxin tablets
other than Lanoxin. Differences between brands other than
Lanoxin would not be apparent in this study. Similarity between
two other brands and Lanoxin produced between 1969 and 1972
was also suggested (Hibble et al., 1972). It may be inferred that
many digoxin products on the British market are of low bio-
availability, but there is little information on most of the more
than 20 individual brands. Evidence of large difference in
dissolution rates between many branded tablets has been pre-
sented (Beckett and Cowan, 1972). Until there is reliable in-
formation on the relative true potency of digoxin preparations
we think it is most unwise to prescribe unspecified digoxin
tablets. If a patient adheres to one branded product there will be
less risk of sudden change in clinical response.
We have shown that the bioavailability of digoxin from four

different batches of recently produced Lanoxin tablets was
consistent. Differences in peak plasma digoxin concentrations
occurred in some subjects after treatment with different batches,
but areas measured under plasma concentration/time curves
over many hours showed less variation. Differences in bio-
availability between batches of certain branded products may be
explained by low content uniformity of the tablets (Vitti et al.,
1971; van Oudtshoorn, 1972), but this could not explain the
differences between brands conforming to high standards of
content uniformity. Our own experience is that major change in
bioavailability can occur without dramatic reduction in content

uniformity, and that enforcement of existing regulations in
regard to content uniformity would not ensure uniformity of
digoxir. bioavailability.
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Combined Test for Assessment ofAnterior Pituitary Function

P. HARSOULIS, J. C. MARSHALL, S. F. KUKU, C. W. BURKE, D. R. LONDON,
T. R. FRASER

British Medical3Journal, 1973, 4, 326-329

Summary

A combined test consisting of the simultaneous adminis-
tration of insulin, thyrotrophin-releasing hormone
(TRH), and luteinizing hormone and follicle stimulating
hormone-releasing hormone (LH/FSH-RH) was per-
formed in 24 people. Eleven of these also had the three
individual tests performed separately, and the remaining
13 had a separate test of either LH/FSH-RH and TRH
together or singly at a later date. In both normal people
and patients, whether the tests were performed alone or
in combination, no difference was found between the
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hormone responses (growth hormone, cortisol, LH,
FSH, thyroid-stimulating hormone) seen to these
stimuli.

It is proposed that combined administration of insulin
and the hypothalamic releasing hormones may be used
as a single test for the assessment of anterior pituitary
function. The test is convenient and time saving, and
with care can be performed in outpatients.

Introduction

Measurement of growth hormone (GH) and cortisol during
insulin-induced hypoglycaemia are commonly used to assess
pituitary secretion of GH and adrenocorticotrophin (ACTH)
(Greenwood et al., 1966). Stimulation by the recently introduced
hypothalamic releasing hormones, thyrotrophin-releasing hor-
mone (TRH) and luteinizing hormone/follicle stimulating
hormone-releasing hormone (LH/FSH-RH), now allows
"pituitary reserve" for these trophic hormones to be evaluated.

Thyroid-stimulating hormone (TSH) secretion after syn-
thetic TRH has been extensively studied both in normal people
and in patients with hypothalamic-pituitary disease (Fleischer
et al., 1970; Anderson et al., 1971; Haigler et al., 1971; Ormston
et al., 1971; Gual et al., 1972; Hall et al., 1972). Similarly LH
and FSH responses to synthetic LH/FSH-RH have been
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reported both in normal people (Besser et al., 1972; Nillius and
Wide, 1972; Yen et al., 1972) and in some patients with
abnormalities of hypothalamic-pituitary function (Kastin et al.,
1972; Marshall et al., 1972 a).
Most workers have found that the releasing hormones are

specific, secretion of other pituitary hormones being unchanged
after TRH and LH/FSH-RH (Fleischer et al., 1970; Kastin
et al., 1971; Ormston et al., 1971; Besser et al., 1972). Increased
GH levels after TRH have, however, been noted in some sub-
jects (Anderson et al., 1971), and both increase and decrease of
plasma cortisol has been reported (Karlberg et al., 1971;
Rothenbuchner et al., 1971). Both GH and ACTH are affected
by stress, however, so it remains uncertain as to whether these
changes relate to a specific effect of the releasing hormones.
There is little data on the interactions of these different

stimuli in man. In one study (Besser et al., 1971) TSH responses
to TRH alone were not affected by coexistent insulin hypogly-
caemia. Similarly GH responses to insulin were unchanged by
addition of TRH, but cortisol responses were slightly greater
after TRH and insulin than after insulin alone. The present
study aimed to establish whether all three tests could be com-
bined into a single procedure without any significant alteration
of the hormone responses compared to those produced by each
agent individually.

Hitherto pituitary function has usually been evaluated on the
performance of each provocative test seriatim, involving the
patient in a considerable amount of time, and often admission
to hospital. A single test would thus benefit the patient, who
would be required to attend the hospital for only a few hours,
and the hospital, which would be spared the need to provide
inpatient care.

Subjects and Methods

Four normal men and 20 patients with hypothalamic or pituitary
disease were studied. The diagnoses of the patients, based on
clinical, radiological, and biochemical evidence, are shown in the
table. The four normals and seven patients had a combined test
(insulin, LH/FSH-RH, and TRH) and the individual tests,
performed separately in random order on different days. The
interval between the separate tests was between two and seven
days. The combined test was paired with simultaneous adminis-
tration of LH/FSH-RH and TRH in 10 patients, with LH/FSH-
RH alone in two, and with TRH alone in one. Informed consent
was obtained from both patients and normal subjects.

Disorders Found in the 24 Subjects Studied

Diagnosis No. of Patients

Acromeg3ly, untreated . . . 5
Acromegaly, after 90Y implantation ..3
Chromophobe adenoma, untreated ..4
Chromophobe adenoma, after 90Y implantation .1
Diabetic retinopathy, after 90Y implantation 3
Isolated gonadotrophin deficiency .. .2
1Hand-S2huller-Christian, diabetes insipidus 1
FuIICLional amenorrhoea .. .1
Normal males .. . 4

The patient vith functional amenorrhoea had had episodes of depressive illness, and
no hypothali.mic-pituitary abnormality was found.

Test Procedures.-The combined test was begun between
09.00 and 10.00 hours after an overnight fast. The subjects were
recumbent, and an indwelling forearm venous cannula was
inserted 30-60 min before the basal blood samples were taken.
Soluble insulin (0 05-0-3 units/kg body weight) was injected
through the cannula, and followed immediately by a mixture of
200 or 500 tg of TRH and 100 ,ug of LH/FSH-RH in 5 ml
sterile water. Blood samples were taken at 30, 60, 90, and 120
min for determination of glucose, growth hormone, and cortisol,
and at 20 and 60 min for LH, FSH, and TSH. For the insulin
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hypoglycaemia test the same pretest procedure was followed
and samples were taken at 30, 60, 90, and 120 min for glucose,
growth hormone, and cortisol determinations. After both the
combined and insulin hypoglycaemia tests a carbohydrate-rich
meal was given to the patients after the last blood sample. Out-
patients were observed for 1 to 2 hours and if believed to be
panhypopituitary they were also given 5 mg prednisone before
being allowed to go home. The separate LH/FSH-RH or TRH
tests or a combination of both were performed on non-fasted
patients. The releasing hormones dissolved in sterile water were
given by rapid intravenous injection. Samples for the appro-
priate hormone estimations were taken immediately before and
20 and 60 min after the injection. In each subject the same doses
of releasing hormones or insulin were used in the individual
tests and in the combined test. All the subjects given insulin
experienced symptoms of hypoglycaemia, and seven of those
given TRH noted some nausea or flushing and a desire to
micturate. No other side effects were noted.
Hormone Assays.-Serum LH, FSH, and human growth

hormone were measured by double antibody immunoassays as
previously described (Hartog et al., 1964; Marshall et al.,
1972 b; Marshall et al., 1973). Results of LH and FSH are
expressed as mU/ml of M.R.C. Human Pituitary Standard for
LH and FSH (69/104) and GH as IIU/ml of World Health
Organization International Reference Preparation. Serum TSH
was also measured in a double antibody immunoassay. Purified
human TSH (National Pituitary Agency) was used for iodina-
tion, and M.R.C. human TSH, Research Standard A, as the
standard preparation. The antihuman TSH serum was prepared
in guinea-pigs and used at a final dilution of 1/300,000. The
least amount of TSH detectable in serum is 1-5 IU/ml, and the
upper limit of the normal range 4-2 ,uU/ml. The coefficient of
variation in the same assay is 2-5% and between assays 14-4%.
LH and FSH do not cross-react in the assay below a level of
100 mU/ml. Plasma cortisol was measured by a competitive
binding assay (Beardwell et al., 1968), slightly modified for use
with plasma (Marshall et al., 1972 b). All samples from an
individual subject were measured in the same assay.

Results

All the subjects given insulin experienced adequate hypo-
glycaemia (blood glucose values less than 40 mg/100 ml and less
than 50% of fasting value). The mean hormone responses during
the combined and single tests in normal subjects are shown in
fig. 1. The ranges of responses shown were obtained previously
in 21 normal subjects aged between 22 and 40 years. There was
no significant difference in the degree of any of the responses,
whether induced by combined or individual administration of
the stimuli, and similarly the pattern of response was unchanged.
The results in patients who had both combined and single

tests, or a combined test with later LH/FSH-RH or TRH or
both, are shown for those with untreated pituitary tumours in
fig. 2, and for those with other untreated hypothalamic-pituitary
disorders in fig. 3. Results in patients with pituitary tumours or
diabetic retinopathy previously treated by pituitary implantation
of 90-Y are shown in fig. 4. No change in the pattern of response
was seen in any patient, and to allow direct comparison of the
combined and separate stimulation procedures the sum of the
serum levels at 20 and 60 min for LH, FSH, and TSH and the
sum at 60 and 90 min for GH and cortisol are shown. In most
patients there was little difference in the summated levels seen
during the two tests, and analysis by paired t-test showed that
responses were not significantly different.

In some patients small differences in responses were seen,
but in the case of the glycoprotein hormones this occurred when
the hormone levels were low and nearing the limits of detection
of the assays. GH responses were the most variable, but no
consistent trend or significant difference was found. One
patient with treated acromegaly (fig. 4) was postmenopausal,
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and this explained the raised FSH levels seen. No instances of a
gross difference in response were seen-that is, unresponsive
to combined test and responsive in single test, or vice-versa.

32.

l6-

-I
E..

4

Luteinizing
hormone

Follicle -
stimulating
hormone Thyrotrophin

512

256

12B
64

32

8

4

2
I

TSH LH FSHt GH Cortisol
,uU/ml mU/ml mU/ml ,lUl/ml mq/lOOml

....

. I
N.D1
CSC

- I,-, . ., , .
sS C S C S C -

0 so0 90 120
Minutes

FIG. 3-Comparison of hormone responses in patients with other untreated
hypothalamic-pituitary disorders. Same format is used as in fig. 2. V = Func-
tional amenorrhoea. x = Hand-Schilller-Christian, diabetes insipidus.
0= Isolated gonadotrophin deficiency.
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FIG. 1-Hormone responses during combined and single tests in four normal
subjects. Mean values± S.E. of mean are shown. Shaded area represents
range of response seen in normal subjects.
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form. Values in left hand columns are from combined test (c), and those on

right from single tests or LH/FSH-RH plus TRH (s). O=Acromegaly,
untreated. A=Chromophobe adenoma, untreated. N.D. =Not detectable.

Discussion

Insulin hypoglycaemia and TRH are now well established at

tests of anterior pituitary function, and the early results suggest
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FIG. 4-Comparison of hormone responses in patients previously treated by
pituitary implantation of 90Y. Same format is used as in figs. 2 and 3.
* = Acromegaly, after 90Y. A= Chromophobe, after 9OY. x = Diabetic
retinopathy, after 90Y.

that LH/FSH-RH can be used to assess pituitary gonadotrophin
reserve. At present these stimuli are used separately, but the data
of Besser et al. (1971) suggested that the simultaneous adminis-
tration of insulin and TRH did not appreciably affect the various
hormone responses. Our results, showing that both releasing
hormones and insulin can be given together without significantly
changing individual hormone responses, agree with their
findings. Furthermore, in patients with disorders of the hypo-
thalamic-pituitary axis, the same classification of "pituitary
reserve"-that is, normal, borderline, or impaired-was ob-
tained with the combined test as was found after the single
stimulation tests used separately. Thus the assessment of pitui-
tary status was not changed by the use of the combined pro-

cedure.
The only differences in response were seen with GH, which

is known to be definitely labile. We have, however, per-

formed repeat insulin hypoglycaemia tests on different occasions
in the same subject and have shown two-fold differences in peak
GH levels after comparable degrees of hypoglycaemia. The
differences seen in GH responses in the present study fell well
within this degree of variation.

I
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A 20-min sample was included in the combined test to allow
comparison with the releasing hormone test procedure as
previously published (Besser et al., 1972; Hall et al., 1972).
The data for TSH responses to TRH (Anderson et al., 1971)
and LH responses to LH/FSH-RH (Besser et al., 1972),
however, show that peak levels of these hormones persist up to
40 min after injection. Thus a sample at 30 min would show the
peak equally well, and the 20-min sample could be omitted for
routine use of the combined test. Prolactin was not measured in
these subjects, but the combined test may also prove useful for
assessment of pituitary prolactin secretion, for serum levels of
this hormone are known to be increased by TRH (Bowers et al.,
1971; Jacobs et al., 1971; L'Hermite et al., 1972).

It is proposed that anterior pituitary function can be assessed
in a single combined test, which is convenient and time saving
and can be performed on outpatients.

Our thanks are due to Miss M. Tooley and Miss P. Heyma for their
skilled technical help. The hypothalamic hormones were supplied by
Dr. W. Bogie of Hoechst, U.K. The LH and FSH for iodination were
supplied by Dr. A. S. Hartree and Dr. W. R. Butt, and reagents for the
immunoassays by the National Pituitary Agency and the Medical
Research Council.
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Endocrine Unit, Department of Medicine, Royal Postgraduate
Medical School, Ducane Road, London W12 OHS.
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Lipoid Pneumonia in Infants and Children in South India

S. BALAKRISHNAN

British Medical journal, 1973, 4, 329-331

Summary

Oil-aspiration pneumonia is a common cause of mortality
and morbidity in infants and young children in South India.
The high incidence of this condition results from the local
custom of giving oil baths to infants and of cleansing the
mouth, throat, and nose with oil. The clinical findings in 12
cases, 10 of them in babies aged under e months, are des-
cribed. The signs range from an acute segmental collapse of
the lung, clearing in a few days, to a chronic picture mimick-
ing pulmonary tuberculosis or mucoviscoidosis. Mothers in
South India should be advised to abandon the practice of
cleansing their baby's mouth and nose with oil.

Introduction

The aspiration of fatty substances, particularly milk, into the
bronchi and alveoli is one of the principal causes of broncho-
pneumonia in the first months of life (Bromer and Wolman,
1939; Caffey, 1967), especially in premature babies, marasmic
infants, and in children whose cough reflex has been de-

Department of Paediatrics, Jawaharlal Institute of Postgraduate
Medical Education and Research, Pondicherry-6, India

S BALAKRISHNAN, M.B., F.R.C.P.(C ), Professor of Paediatrics

pressed. This paper reports 12 cases of lipoid pneumonia in
infants and young children resulting from a local practice in
Pondicherry, South India, of giving babies oil baths and of
using oil to cleanse their mouths and nasal passages. It is a
cause of much morbidity and mortality in the first few years
of life.

Clinical Features

The patients comprised 10 in-fants (6 boys and 4 girls), aged
from 23 days to 8 months, and a boy and a girl, aged 2 and 3
years respectively, who were among the cases of broncho-
pneumonia or suspected pulmonary tuberculosis admitted to
the Jipmer Hospital, Jawaharlal Institute of Postgraduate
Medical Education and Research, and to the State Govern-
ment General Hospital, Poidicherry, from May 1971 to Sep-
tember 1972.
The history in each case was of the child having been

given an oil bath. This practice often includes "oil cleans-
ing" of the throat, eyes, nose, and ears by the mother or
grandmother or by a skilled woman whose services are speci-
ally sought for the purpose. A half-spoonful or more of gin-
gilli oil is placed in the baby's mouth and repeatedly smeared
on the tongue "to remove the white coating." The woman
then blows through the child's mouth in order to flush the
secretions Out through the nose. This practice is often started
as early as the fifth day. Gingilli oil is also applied to the
eyes and ears and occasionally put into the nostrils. Should
the baby at any time have an illness an oil bath is given on
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