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The dog is a very useful animal model in
experimental endocrinology; it is relatively
easy to handle, it has readily available su-
perficial vessels for repetitive blood with-
drawal or prolonged infusions and responds
similarly to the human to many of the stim-
uli which are effective to activate or inhibit
hormonal secretions (1, 2).

With regard to growth hormone (GH),
although methods for the isolation and puri-
fication of canine GH (cGH) have been de-
scribed previously (3, 4), so far, only two
reports of specific radioimmunoassay for
cGH (5, 6) and two short notes (7, 8) on this
subject have been published.

The present study (1) describes a homolo-
gous radioimmunoassay method for cGH in
the plasma which requires only 40 hr, with
no loss of sensitivity; (2) reports on the
cross-reactivity of cGH with GH prepara-
tions from several other species; and (3)
shows that the dog is a valuable species for
further work on the regulation of GH secre-
tion.

Materials and Methods. 1. Radioimmu-
noassay. Hormone preparations. Highly
purified cGH (D887A, 2.0 IU/mg) for iodina-
tion and standards was kindly supplied by
Dr. A. E. Wilhelmi (3), Emory University,
Atlanta, Ga. Human growth hormone
(HGH) and bovine GH (BGH) were pre-
pared in our laboratories by the method of
Li (9) and ovine prolactin (OPRL) was pre-
pared by the method of Cole and Li (10).
Ovine GH (OGH) was a gift from Dr. F.
Hertelendy, Washington University, St.
Louis, Mo., and purified pig GH (PGH,
NIH P482, 1.1 USPU/mg) was supplied by
the Endocrine Study Section of NIH, Be-
thesda, Md.

! Supported in part by Contract No. CT 74.00232.04
of the Consiglio Nazionale delle Ricerche, Rome, It-
aly.

Radioiodinated canine growth hormone.
Five ug cGH were iodinated by the method
of Greenwood et al. (11), using 2.3 mCi of
[*25]]Nal (Sorin, Saluggia, Vercelli, Italy)
and 100 pg of chloramine T. Unreacted
iodine-125 was separated from that bound
to the hormone on a strongly basic anion
exchange resin (Zerolit FFCI-, U.W. Soft-
eners Ltd., London) column (8 X 1 cm)
eluted with 0.05 M phosphate buffer, pH
7.5. The protein peak was collected in 2-ml
fractions, and the tube containing the high-
est radioactivity was selected for the assay
because of its maximum binding affinity for
the antibody prepared to cGH. The elution
pattern showed the labeled hormone be-
tween the third and sixth tube. When sub-
mitted to a chromatoelectrophoresis (16
V/cm, 2 hr) using Whatman 3 MM paper
strips (25 X 5 cm) with 0.06 M Veronal
buffer, pH 8.6, labeled cGH thus prepared
exhibited a single radioactive peak at the
origin of the chromatogram. The specific
activity obtained was in the order of 300
uCi/pug. The tracer was stored frozen until
use; good standard curves have been ob-
tained for at least 4 weeks after iodination.

Antisera. Antisera to cGH were raised in
monkeys, using a total immunizing dose of
3.1 mg over about a 3-month period. The
immunization schedule was as follows: two
male rhesus monkeys received 1.0 mg cGH
in complete Freund’s adjuvant, sc, every 3
weeks for three doses, followed by one
booster injection of 0.1 mg. The final bleed-
ing was performed 2 weeks after the
booster injection. The antisera was vialed
and freeze-dried (1 ml antiserum diluted 1
to 15,000 in 0.04 M phosphate buffer, pH
7.4, 0.1% BSA). The antisera was stored at
4°C until use.

Anti-monkey gamma globulin (AMGG)
sera were prepared in goats. Animals were
immunized every 3 weeks with 1.0-2.0 mg
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of monkey gamma globulin emulsified in
complete Freund’s adjuvant and were bled
2 weeks after the fourth immunization.

Assay procedure. All dilutions were
made in 0.04 M phosphate—saline buffer,
pH 7.4, containing 5% bovine serum albu-
min. Plastic test tubes (Luckham LP3) were
used for incubation. One hundred ul of
plasma sample or 100 ul of standard cGH
(1.0-100 ng/ml) was added to 0.5 ml of
diluent in the incubation tube, followed by
0.1 ml of diluted anti-cGH and 0.1 ml of
[*23I]cGH (10,000 cpm, sp act 300 uCi/ug).

The appropriate dilution of anti-cGH
(usually 1:150,000) is that which binds 25—
40% of labeled cGH added when no compet-
ing cGH is present in the system. After
shaking, the tubes were placed at 4°C for 20
hr. Then 0.1 ml of diluted precipitating
AMGG was added. The tubes were shaken
and incubated another 20 hr at 4°C. The
appropriate dilution of AMGG is one which
precipitates monkey gamma globulin in the
system maximally. The precipitates in the
tubes were then collected by microfiltration
through “Oxoid’> membrane filter discs
(2.5 cm) mounted on a Millipore microanaly-
sis filter holder held in a vacuum filtration
flask. This method does not require the
addition of MGG as a carrier to obtain insol-
uble complexes. The precipitates were
counted in a well-type gamma counter and
the percentage of labeled cGH precipitated
was calculated.

Specificity of the assay. Fresh-frozen
dog and rat pituitaries were homogenized at
4°Cin 1 ml of 0.01 M phosphate buffer, pH
7.5, using a motor-driven Potter blender.
After centrifugation at 18,000 rpm for 10
min at 4°C, the obtained supernatants (dilu-
tions 1/10,000 to 1/80,000) were studied for
their ability to compete with the labeled
c¢GH in the anti-cGH-labeled ¢GH system.
Dilution responses of dog plasma samples
were also studied. Similarly, dilutions of
purified GH of other species were substi-
tuted for cGH in the anti-cGH-labeled cGH
system. The hormones were weighed and
after being dissolved in 0.1 M ammonium
bicarbonate, their protein titer was assayed
spectrophotometrically by the ultraviolet
method according to Warboury and Chris-
tian (12). They were then diluted in 0.04 M
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phosphate buffer pH 7.4, 5% bovine serum
albumin, to an initial concentration of 1000
ng/ml.

2. Animal experiments. Animals. All ex-
periments were performed on unanesthe-
tized trained male and female beagles (4- to
5-yr-old) following an overnight fast and
starting at 8:00-9:00 AM. Animals were
kept in the resting state for about 1 hr be-
fore the start of the experiment. Blood was
collected from the cephalic vein into hepa-
rinized chilled tubes, centrifuged immedi-
ately and the separated plasma was stored
at —20°C until plasma concentrations of
c¢GH and glucose were analyzed. Plasma
glucose levels were determined by Gluco-
sio Test, Sclavo, Siena.

Effect of insulin hypoglycemia. Regular
insulin (Iletin, Lilly, 0.4 U/kg body wt) in 10
ml of saline was injected intravenously in
10 normal adult dogs (six males and four
females). Blood samples were drawn 30
min and immediately before the injection
and at 30-min intervals up to 150 min. An
identical study was conducted using 10 ml
of saline alone instead of insulin in four
normal male dogs.

Effect of glucose ingestion. Glucose (1.0
g/kg) was administered orally to four nor-
mal male dogs and blood samples were
drawn at the usual time intervals.

Results. Figure 1 shows a typical stand-
ard curve obtained with this assay method.
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FiG. 1. Standard curve for the radioimmunoassay
of cGH. The concentrations of the standard cGH solu-
tion are reported on the abscissa, and each point is the
mean value of duplicate determinations. The ordinate
is a logit scale. This standard curve was obtained using
1:150,000 diluted monkey anti-cGH serum.



142

cGH concentrations were in the range 1 to
50 ng/ml and the antiserum used was di-
luted 1:150,000. Since 100 wl of the stand-
ard solution was used in the incubation, the
assay could detect displacement by 0.1 ng
of cGH using 100 ul of plasma. Serial dilu-
tions of canine plasma samples and canine
pituitary extracts were parallel to those of
the standard curve (no significant differ-
ence was present between the angular coef-
ficients of the three lines calculated by an
original program for the IBM model 360
computer, which compares the slope using
the statistical tables reported by Snedecor
and Cochran (13)), indicating indistinguisha-
ble immunologic reactions for both plasma
and pituitary GH (Fig. 2). Intraassay varia-
tion was 3% while a reference plasma
showed an interassay variation of 16%.
Figure 3 shows the cross-reactivity be-
tween cGH and human, ovine, bovine, and
porcine GH and ovine prolactin. Concentra-
tions used for the various hormones ranged
between 1 to 1000 ng/ml. PGH and ¢cGH
not only cross-reacted, but completely over-
lapped in the same concentration range. A
partial degree of overlapping between anti-
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genic sites of BGH, OGH, and cGH was
exhibited, but the antibody affinity was dif-
ferent from cGH. HGH and OPRL did not
cross-react with anti-cGH to any extent.
Though not presented in Fig. 3, a complete
parallelism was present between cGH and
serial dilutions of rat pituitary extracts.
Plasma cGH concentrations after an over-
night fast were 2.0 + 0.4 ng/ml (mean = SE)
in 10 normal adult unanesthetized dogs (six
males and four females). The intravenous
injection of 10 ml saline did not produce
any consistent change in plasma glucose or
cGH levels throughout the test period. Fol-
lowing insulin injection (0.4 U/kg iv) in 10
animals, plasma glucose fell promptly from
80.8 + 4.2 at 0 time to 28.6 + 2.3 mg/100 ml
at 30 min, and hypoglycemia continued for
2 hr. The average of peak cGH values,
usually obtained at 60 or 90 min, was 17.5 +
4.1 ng/ml. The mean cGH values at 30, 60,
90, and 120 min were significantly higher
than base line values. Glucose ingestion
(1.0 g/kg) in four male dogs caused a rise in
blood glucose levels reaching a peak at 30
min (160 = 41 mg/100 ml) with a return to
base line at 90-120 min. Hyperglycemia re-

PLASMA

DILUTION DILUTION
e T
130000 120900 LI T I

Fic. 2. Dilution response curves for both dog pituitary extracts and plasma samples compared with the
standard curve obtained with purified cGH. The standard curve was obtained by plotting the percentage of %5]-

labeled cGH precipitated vs log cGH concentrations.
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FiG. 3. Effect of varying concentrations (expressed logarithmically) of purified human, bovine, ovine, and
porcine GH, and ovine prolactin in the radioimmunoassay for canine GH.

sulting from the glucose ingestion did not
significantly depress the initial plasma cGH
level, but ¢cGH levels found throughout this
period never exceeded 2.0 ng/ml. Figure 4
is representative of the pattern of cGH and
blood glucose responses in two individual
dogs following the above stimuli.

Discussion. The method described al-
lows a rapid determination of cGH in the
plasma using a sensitive and specific
[*25]]double antibody system. The parallel-
ism found between the pituitary and plasma
hormone and ¢cGH standard indicates that
the latter was not damaged during the ex-
traction and underlines the similar immuno-
reactivity of pituitary and plasma GH.

The method, although having a sensitiv-
ity similar to that reported by Tsushima et
al. (5) and Lovinger et al. (6), has the advan-
tage of rapidity since it can be completed in
40 hr instead of 96 (Tsushima et al.) or 144
hr (Lovinger et al.) avoiding the preincuba-
tion of the cold hormone with the specific
antibody before adding the tracer. This is
surely due to the higher affinity constant of
the monkey antiserum used.

A partial cross-reactivity was reported
by Tsushima et al. (5) between PGH and
¢GH; in this study, not only parallelism but

a perfect correspondence was found be-
tween the two hormones. It can be con-
cluded that the antigenic site(s) of PGH and
cGH being recognized with our antiserum,
at the dilution employed, are identical and
have the same affinity. As reported by the
Japanese workers (5), PGH and cGH gave
two perfectly parallel curves and only
showed a shift in the higher dose range.
This fact might be accounted for by the
greater impurity present in the PGH they
used, i.e, by lack of correlation between the
calculated amount and the hormone ac-
tually present in their preparation.

The complete overlapping found between
PGH and c¢GH in our study suggests that
the former, when our antiserum is used,
can substitute for the latter hormone in a
heterologous radioimmunoassay for cGH, a
fact of noticeable practical advantage on
considering the greater availability of PGH
than ¢cGH. In addition, since rat pituitary
extracts showed complete parallelism with
c¢GH, it appears that the system anti-cGH
serum and PGH as standard and tracer can
be used for rat GH radioimmunoassay.

The present study demonstrated also the
existence of cross-reaction between cGH
and BGH and OGH, the latter hormones



144

L PLASMA c8H ng/mi
9 saling

)

\*__‘_‘_4

0 % 120 158
BLOOD GLUCOSE my/100m!

b

PLASMA s ng/mi

’ M

=

BLOOD GLUCOSE
15T  PLASMA cOH ng/ml

g/ Woni

- glusese

———————

S ing. 0.4U/Rgiv
-
N 0N 0N

BLOOD G LUCOSE mg/ 100 mi

I +—+~—+H

— - TIME (MIN)

RAPID RIA FOR CANINE GROWTH HORMONE

o

T PLASMA c8d ng/mi
i

saling
O——i/‘\._"\‘_—A
oottt
EEEEX.
BLOOD GLUCOSE my/ 188 mi

SN

—— 4

bt - ———4

PLASMA olil ng/mi
glucose UgXg p.o.

|

4+
I EEEEEELEX )

{'M[
1
1L

g/ 100 mi

PLASMA cOH ng/mi
insulin  0.4U/Kgiv

2
SEEEEE"

BLOOD GLUCOSE mg/¥0ml

—t
e

=t

F1G. 4. Plasma GH and glucose levels in two individual male dogs given saline, glucose, or insulin (for further

details, see text).

behaving identically in the system. HGH
did not cross-react at any level, while
OPRL induced a slight displacement of iodi-
nated ¢cGH at a concentration of 1000
ng/ml; this fact might be attributed to con-
tamination of the hormone by ovine GH.
Validation of the assay was obtained by
studying plasma GH levels in dogs under
conditions known to affect GH secretion in
other animal species. Fasting levels of
plasma GH were comparable to those re-
ported by Tsushima et al. (5) and Lovinger
et al. (6) in mogrel adult dogs; in newborn
puppies, higher base line GH levels have
been reported (5). Insulin injection was fol-
lowed by a clear-cut elevation of plasma
cGH, a fact which by no means can be
attributed to the stress of the injection or
blood sampling, because no GH rise was

observed following administration of saline
in control experiments. Hyperglycemia did
not significantly alter preinfusion GH lev-
els, although cGH values in single plasma
determinations did not exceed 2.0 ng/ml.
Thus, the dog resembles the primate (14)
more than the rat or the rabbit, in which
hypoglycemia induces a marked fall (15) or
no significant rise (16) of plasma GH, re-
spectively, and appears more responsive
than the pig, whose GH response to hypo-
glycemia is quite sluggish (17). In addition,
Lovinger et al. (6) have shown that L-dopa
is a potent stimulus for secretion of GH in
the dog, as it is in man (18). Therefore, this
animal species appears to be valuable for
further work on the regulation of growth
hormone secretion.

Summary. A rapid and sensitive homolo-
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gous radioimmunoassay (RIA) system is de-
scribed for the measurement of growth hor-
mone (GH) in dog plasma. The method re-
quires only 40 hr and is able to detect con-
centrations of GH as low as 1.0 ng/ml of
dog plasma. Antiserum to canine growth
hormone (cGH) prepared in monkeys, ex-
hibited a complete cross-reactivity with por-
cine GH, suggesting that the latter can sub-
stitute cGH in a heterologous radioimmu-
noassay for cGH. Studies on GH regulation
performed with this RIA in the unanesthe-
tized dog showed that this species re-
sembles the primate more than the rat or
the rabbit.
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