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ABSTRACT. Growth hormone secretion was evaluated in cattle.  Clinically healthy bovine growth hormone (bGH) concentrations were 10.7
± 1.6 ng/ml in Holstein and 7.8 ± 3.9 ng/ml in Japanese black cattle.  The bGH concentration alternated at three-hour intervals, and
tended to be higher at midnight and lower in the morning and before feeding.  Insulin tolerance test (ITT) at an insulin dosage of 0.25
U/kg showed a significant increase of bGH concentration to 331 ± 153% at 60 to 90 min after injection.  In ITT applied to five under-
growth calves of Japanese black cattle, the basal bGH concentrations were lower and peak values after insulin injection were shown to
be significantly low.  The ITT is useful for the clinical examination of bGH secretion in cattle.
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Disorders of growth hormone (GH) secretion are known
to produce dwarfism and acromegaly in humans [5, 8].
There are few reports on such disorders in animals, how-
ever, in recent years, the number of calves showing congen-
ital weakness or poor growth has been increasing [4, 9, 10,
17].  Clinico-pathological and genetic research has been
done on these disorders [9, 10], but the etiology of these dis-
orders remains to be elucidated because the methods of
endocrinological examination in cattle have yet to be estab-
lished.  The insulin tolerance test, L-Dopa test and GH-
releasing hormone (GHRH) test are common endocrinolog-
ical examinations for evaluating pituitary GH secretion in
human medicine [5, 8].  However, such investigations in
cattle have been rarely reported.  The objective of the
present study was to establish a method of evaluating bovine
growth hormone (bGH) secretion in order to elucidate the
functional properties of the anterior pituitary in cattle.

Blood sampling and serum separation were carried out by
routine clinical methods.  The sera were stored at �80°C
until used.

The bGH concentrations in serum were determined by the
sandwich enzyme immunosorbent assay (ELISA) com-
monly referred to as Secchi�s method [14].  The bGH stan-
dard and its antiserum were provided by Dr. A.F. Parlow of
the National Hormone and Peptide Program (Harbar-UCLA
Medical Center, U.S.A.).  The blood glucose concentrations
were determined with the Glucose-C Test Wako (Wako,
Tokyo).

All values were expressed as mean ± SD.  Student�s t-test
was used for statistical analysis of the data.

Basal concentrations of bGH in the serum of healthy cat-
tle were determined.  In this study, twenty-four adult cattle
[twelve Holstein (667 ± 27 kg b.w.) and twelve Japanese
Black (beef cattle, 662 ± 52 kg b.w.)] were used.  These cat-
tle were fed a diet formulated to meet nutrient requirements
as recommended by the Japanese Feeding Standard (1998).

All blood samplings were carried out at 8:00 AM before the
morning feeding.  The mean concentrations of bGH were
found to be 10.7 ± 1.6 ng/ml in Holsteins, and 7.8 ± 3.9 ng/
ml in the Japanese Black.  The difference between these val-
ues was statistically significant (p<0.05).

The determination of the bGH secretion pattern, that is,
its circadian variation over 24 hr (from 4:00 AM to 4:00 AM
of the following day) was examined in four Holsteins which
were housed indoors and fed twice a day (8:00 AM and 4:00
PM).  Blood samples were collected from the jugular vein at
60-min intervals.  The bGH secretion patterns are shown in
Fig. 1.  Pulsate changes of bGH concentrations were
observed at 3 to 4 hr intervals.  The bGH concentration
tended to be relatively high around midnight, but was low
early in the morning and after the feeding.

Four Holstein cows were used for the Insulin tolerance
test (ITT) in order to examine the secretory response of bGH
to insulin injection.  Recombinant human insulin (Novolin
R 40, Novo Nordisk, Denmark) at doses of 0.20, 0.25 and
0.30 U/kg (body weight) was injected intravenously.  Blood
was sampled through the jugular vein on the other side of
the neck at 0, 15, 30, 45, 60, 75, 90, 105, 120, 150 and 180
min after injection.  As a control, 0.9% sodium chloride
solution was injected to the same cattle used under the same
conditions.  The changes in serum bGH concentration after
each injection of insulin are shown in Fig. 2, and the
changes of blood glucose level are shown in Fig. 3.  The
bGH concentrations increased slightly after the injection of
insulin at 0.20 U/Kg, although the changes were not signifi-
cant.  However, the increases of GH after the injection of
insulin at dosages >=0.25 U/Kg were significant.  The bGH
concentration reached a peak value (35.0 ± 11.0 ng/ml) 75
min after injection of 0.25 U/Kg insulin.  The percentage of
peak values to basal values (PPB) was 331 ± 153%.  The
bGH peak (39.0 ± 5.8 ng/ml) was also found 75 min after
injection of 0.30 U/Kg insulin, while the RPB was 401 ±
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43%.  Symptoms such as trembling, convulsions and recum-
bency appeared due to hypoglycemia in two of the cattle
after injection at this dosage.  In those cases, the glucose
level declined to less than 20 mg/dl.

Next, ITT was applied to five normally developed Japa-
nese Black calves (NDJB) and five underdeveloped Japa-

nese Black calves (UDJB) (Table 1).  All the UDJB calves
were under-grown as a result of repeated pneumonia and
diarrhea.  These UDJB were fed roughage and concentrates
at random.  On the other hand, all NDJB were recognized to
be healthy and fully developed.  The changes in serum GH
concentration in ITT are shown in Fig. 4.  Basal bGH con-

Fig. 1. Daily variation of serum bGH concentration. The cattle were housed indoors and fed twice daily at 8:00 AM and
4:00 PM. 

Fig. 2. Change of bGH concentrations in the Insulin tolerance
test. Dose of insulin injection; ■: Control (0.9% sodium chlo-
ride), ◆: 0.20 U/kg, ●: 0.25 U/kg, ▲: 0.30 U/kg. Asterisks
show significant differences from the value before insulin injec-
tion (at 0 min) (mean ± 1 SD).

Fig. 3. Change of blood glucose concentrations in the Insulin tol-
erance test. Dose of insulin injection; ■: Control (0.9% sodium
chloride), ◆: 0.20 U/kg, ●: 0.25 U/kg, ▲: 0.30 U/kg. Asterisks
show significant differences from the value before insulin injec-
tion (at 0 min) (mean ± 1 SD).
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centrations in the serum of NDJB were 10.5 ± 2.6 ng/ml, and
peak values in ITT were 22.3 ± 7.1 ng/ml.  This difference
was significant (p<0.05) and the PPB was 221 ± 82%.  On
the other hand, in UDJB, the basal level was 3.5 ± 2.0 ng/ml,
and the peak value of 6.6 ± 2.0 ng/ml was attained during a
wide time period from 45�90 min after the injection.  PPB
was 233 ± 94%.  Basal and peak values in UDJB were sig-
nificantly different compared with those in NDJB (P<0.05).

The bGH concentrations in the sera of normal cattle in
this study resembled the values reported in Holstein cows by
Koprowski [11].  However, there are few reports about
serum bGH values in beef cattle, especially in Japanese

Black.  It is expected that bGH determination will be useful
as a predictive index of milk and beef productivity in cattle,
because it is connected not only with their development but
also with the metabolism of proteins and lipids [2, 6].

The circadian changes of bGH concentration showed var-
ious patterns according to Koprowski et al. [11], and
Wheaton and Tucker et al. [15].  Our result showing that
bGH concentration tended to be higher in midnight and
lower in the early morning and after feeding was very simi-
lar to those found in other mammals [5, 12, 18].  The present
result indicated that blood sampling for the evaluation of
basal bGH concentration should be carried out in the early
morning because it showed the most stable value, and also
that it is difficult to evaluate bGH secretory activity in the
pituitary gland with only one-point sampling.

It is known that a decline in blood glucose level induced
by insulin injection induces massive GHRH secretion from
the hypothalamus [3, 5, 7].  Based on these reports, ITT has
been applied to the assessment of secretory function in the
anterior lobe of the pituitary gland in human medicine [8].
However, in ruminants there are very few reports about ITT
in endocrinological and metabolic research [12, 13].  There-
fore data on safe and effective doses of insulin injection and
normal patterns of bGH secretion are needed before ITT can
be introduced to cattle as a clinical examination.

The blood glucose levels after 0.20 U/kg insulin injec-
tions decreased significantly, but the increases of bGH lev-
els were not significant.  It is possible that other hormones
such as glucagons or glucocorticoid might have compen-
sated for the decrease in blood glucose, and that this blood
glucose level might be insufficient to induce significant
bGH secretion from the pituitary gland [3, 5, 7].  At 0.25 U/
kg of insulin, significant decreases of blood glucose and
increases of bGH level were observed.  The blood glucose
level in these animals decreased to less than 30 mg/dl at 30
min after injection but no nervous symptoms were observed.

Table 1. Calves used for Insulin tolerance test

Age Body weight Standard body BWIb)

(months) (kg) weighta) (kg) (%)

UDJBc)1 12.0 ♀ 106 291 36
UDJB2 18.3 ♂ 108 374 29
UDJB3 1.2 ♀ 30 55 55
UDJB4 5.6 ♀ 30 155 19
UDJB5 5.1 ♂ 88 143 62

NDJBd)1 7.6 ♀ 190 200 95
NDJB2 6.3 ♂ 187 170 110
NDJB3 7.2 ♀ 174 191 91
NDJB4 6.6 ♂ 195 177 110
NDJB5 7.5 ♂ 192 198 97

a) Standard body weight is shown as the weight set at each age in the Japanese Feeding
Standard [1].
b) Body Weight Index: Percentage of the standard body weight of Japanese Black calf at
same age [1].
c) Underdeveloped Japanese Black calves.
d) Normally developed Japanese Black calves.

Sex

Fig. 4. Insulin tolerance test in underdeveloped cattle. Basal
means of basic bGH concentration before insulin injection and
means of peak bGH concentration after insulin injection. Mesh
area expresses bGH secretion in healthy cattle grown normally
(Japanese Black) (mean ± 1 SD).
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This result suggests that a remarkable decline of blood glu-
cose level is needed for effective stimulation of bGH secre-
tion.  At 0.30 U/Kg of insulin injection, glucose levels
decreased dramatically and some nervous symptoms were
induced due to hypoglycemia, indicating that 0.30 U/kg rep-
resented an overdose level.

There is a report of ateliosis caused by hereditary hypop-
ituitarism in a calf [16].  However, there have been no
reports on the secretory function of bGH in underdeveloped
cattle that have suffered from continued and repeated diar-
rhea and pneumonia.  Body weights and body lengths of the
UDJB in this study were less than half the standards for Jap-
anese Blacks [1].  It is likely that the secretory function of
the pituitary gland in UDJB had been extremely suppressed
because basal bGH levels, peak values and RPB were
remarkably low.  These results in UDJBC are comparable
with those in hypophysical growth hormone deficiency in
human medicine [5, 8].  However, more versatile and endo-
crinological investigations will be necessary in order to clar-
ify the etiology.

So far no information has been available on proper doses
for ITT in cattle.  Based on our present results, we suggest
that the following standards are adopted for the use of ITT
in cattle: the insulin dose should be 0.25 U/kg body weight,
which should be injected intravenously, and blood sampling
should be done at 0, 45, 60, 75 and 90 min after the injec-
tion.  GH secretory function should be evaluated by deter-
mining basal values, and then peak values after insulin
injection.  In conclusion, it is anticipated that ITT will be
useful not only for the diagnosis of endocrine diseases but
also for the differential diagnosis of metabolic diseases.
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