Biological Profile of Various Growth Hormone Preparations.
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Biological ' activity of primate, beef and
whale pituitary growth hormone as evidenced
by body wt gain and the tibia assay was in-
vestigated by Li, ef al.(1). These prepara-
tions were observed to have almost identical
growth-promoting potencies in the tibia test,
but were not comparable on the basis of
body weight gain; thus the interest to inves-
tigate the activities of these preparations in
stimulating incorporation of radio-sulfate in
costal cartilage of hypophysectomized rats.

Methods. Female rats, Holtzman strain,
were hypophysectomized* at 21 = 2 days
of age, housed at an environmental tempera-
ture of 78 =+ 2°F and fed Purina laboratory
chow ad /ib. Two weeks after hypophysec-
tomy, animals weighing between 65-80 g were
used for experimentation, 8 animals/dosage
group.

1. Dose-response study. Animals were
given a single intraperitoneal (I.P.) injection
of the test preparations. Hormone prepara-
tions were dissolved in isotonic saline so that
each ml contained the desired dosage. Eight
hours later, 20 uc S$*5 as sodium sulfate dis-
solved in 1 ml isotonic saline (without added
carrier) was administered I.P. Sixteen hours
later (24 hrs after hormone injection) the
animals were sacrificed and the VII costal
cartilage removed. This procedure has been
shown to be a reliable index for growth hor-
mone activity(2,3). 2. Duration of response
study. Animals were given a single L.P. in-
jection of 12 pg test preparation. At vari-
ous time intervals over a 48-hr period, ani-

mals were sacrificed and VII costal cartilage
removed. Four hours prior to sacrifice, 10
uc S% was administered I.P.

Cartilage was cleaned of adhering tissue,
weighed, and treated by the procedure previ-
ously described(2). Radio-sulfate  was
counted in a gas-flow end window counter
and results reported as CPM/mg tissue, wet
weight.

Results. 1. Dose-response study. Growth
hormone preparations isolated from human,
monkey, and beef pituitary glands appear to
have equal activity in promoting radio-sul-
fate incorporation in costal cartilage of hy-
pophysectomized rats. Material obtained
from whale, pig, and sheep pituitaries dem-
onstrated equal activity but approximately
50% of that observed for human, monkey,
or beef preparations (Table I). Calculated
potencies presented in Table IV are based
on 3-12 ug doses. With the exception of hu-
man and pig preparations, the response ap-
peared to plateau at doses above 12 pg.

When these 6 preparations were compared
for their ability to increase width of epi-
physeal plate, human, monkey, and beef ma-
terials were observed to have almost identi-
cal activity (Table III). Pig and whale
preparations demonstrated 100% and 50%
more activity, respectively, whereas the sheep
preparation was least active. 2. Duration
of response study. Activity of these prepara-
tions, based upon duration of action of a
single 12 pg dose, was studied. Radio-sulfate
incorporation was increased relative to un-

TABLE 1. Effect of Various Growth Hormone Preparations on Radio-Sulfate Tneorporation of
Costal Cartilage.

Prepara- cpm/mg tissue + S.E.
tion Control - = Human Sheep Pig Whale Monkey Beef
Control : 29.0 +:1.9
3ug GH 43.1 =40 370231 33.5+29 355+13 41332 40.0+33
6ug 7 50.2 + 3.6 37428 383+30 371420 457461 47.0+23
12ug ” 53.0 += 5.7 49144 487 +41 50.7+42 56.7+51 59.4+ 3.2
24 ug " 715 +49 458+49 662+96 498 +45 557 9.0 59.8+99

* Hormone Laboratories, Chicago, Ill.
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TABLE TI. Duration of Activity of Single Dose of Various Growth Hormone Preparations on
Rudio-Sulfate Tucorporation of Costal (artilage,

epm/mg tissae += 8K,

Hr post-
hormone  Control Human Sheep Pig Whale Monkey Beef
24 108+ 4 15126 171 +36 134+1.1 147+22 11.0+22 139=+3.1
28 9.7+1.0 16.7+20 127+ 10 186+ 14 161429 167+11 13.6+24
32 90+ 2 171 +18 144+15 12012 181+19 13215 164+11
36 62+ 5 100+11 88+12 122+18 124+11 83+ .7 8212
40 55+ 6 108+19 89+ 6 84+ .7 9819 82+ .7 120x14
48 7.0 £22 87+ .9 84+10 89+12 110+11 92+11 83+ .9
TABLE TII. Assay of Various Purified Growth Hormones by the Tibia Test.*
— Responset -~
Growth Total dose in + days Index of
hormone 20 ug 60 ug 120 ug Slope preeision
Human 213 =2 (8) 235 =2 (8) 256 + 2 (6) 52,9 129
Monkey 210 =4 (4 242 + 5 (6 261 + 3 (5) 65.7 147
Beef 206 + 3 (5 242 + 1 (4) 248 + 6 (4) 56.3 .095
Pig 226 + 4 (7) 243 + 4 (5,3 279 +4 (6)§ 60.8 .168
Whale 220 +4 (5) 250 + 2 (5) 268 =4 (5) 62.6 130
Sheep 209 =2 (4) 231 +23 (5) 249 + 4 (6) 52.6 157
* Unpublished results (private communieation from C. H. Li).
t In terms of mean tibia width = stand. error. No. of rats in parentheses,

I 40 ug total dose.
§ 100 "o

treated animals during-the first 24 hours with
all preparations and remained elevated dur-
ing the 48-hour experimental period (Table
II). Increased uptake of isotope continued
through the 32nd hour and was observed in
all groups. Peak response varied from 24
hours (sheep) to 32 hours (whale). These
observations of prolonged effect of growth
hormone compared with the relatively short-
lived effects of ACTH are of significant in-
terest and should provide useful methods for
study of metabolism and mechanism of ac-
tion of growth hormone.

Discussion. Using the tibia assay and
body weight gain, Li et al.(1) found that

TABLE IV. Comparative Potencies of Growth
Hormone Derived from Several Mammulian Spe-

cies.*
Species 5% assay Tibia test
Human 1.00 1.00
Monkey 920 1.12
Beef '1.054 .90
Pig - .438 2.13
‘Whale 477 1.54
Sheep 481 .83

* Calculations based on data presented in Tables
I and TIL,

whale and beef growth hormone had greater
effect on body weight gain than did human
or monkey hormones, but the 4 preparations
appeared to have almost identical growth-
promoting activity in stimulating epiphyseal
tissue.

We have investigated these hormone
preparations for their ability to stimulate in-
corporation of radio-sulfate into costal car-
tilage. It was observed that human, beef,
and monkey preparations were nearly
equally active, and the calculated potencies
derived from the 24-hr radio-sulfate assay
and 4-day tibia assay were not significantly
different.

Similar correlations were not obtained with
whale and pig preparations. Recent data
from Dr. Li’s laboratory (Table III)- show
whale and pig growth-hormone preparations
to possess greater activity in the tibia assay
than human, beef, and monkey materials. In
the 24-hour radio-sulfate uptake assay, whale
and pig material were observed to have ap-
proximately 50% the activity of human,
monkey, or beef growth hormone. If modi-
fication of the growth hormone molecule to
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a more active form, by rat tissues, is re-
quired, rate of utilization would be relatively
slower and a 24-hour test might well be too
short a period for quantitative comparison.

It is interesting to note that, following a
single injection, whale and pig growth hor-
mones had the same duration of activity and
magnitude of response as did human, mon-
key, and beef preparations in the time inter-
vals studied. This could be a further indica-
tion that the difference between the 2 assays
is a function of time dependent upon modifi-
cation of the growth hormone molecule and/
or slower rate of utilization of whale and pig
material.

The fact that the 2 assays for growth-pro-
moting activity give quantitatively different
results suggests that the short-term assay is
of value for qualitative measurement and
that quantitative comparisons require a
longer test period.

Summary. Growth hormone isolated from
6 different species was compared for its abil-
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ity to increase width of epiphyseal plate and
to stimulate radio-sulfate incorporation by
costal cartilage. Human, beef, monkey, and
sheep preparations manifested almost iden-
tical effects in the 2 assays. Whale and pig
hormones appeared to elicit greater effect in
the tibia test. Whale growth hormone was
observed to have greater duration of activity
to stimulate radio-sulfate incorporation than
other preparations studied. Short-term ra-
dio-sulfate assay appears to be ofvalue for
qualitative detection of growth-promoting ac-
tivity.

The authors acknowledge the cooperation, sug-
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Dr. C. H. Li.
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Determination of “Heparinoid” Substances in Urine with a Dye-Binding
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Although crystalline heparin of known
chemical composition and with reproducible
physiological properties is available for clini-
cal and laboratory study, the basis of its ac-
tion in blood clotting and other metabolic
activities has not been completely elucidated.
Complicated chemical methods have revealed
very small amounts of heparin in the circu-
lating blood, too minute, however, for quanti-
tative determination.

Early investigators were not in agreement
as to the fate of heparin, whether endoge-

* Supported by a grant from the Dr. Marcus K.
Goldsmith and Clara Harris Goldsmith Medical Re-
search Foundation, Inc.

t Present address: Dept. of Pathology, University
Hospital, N.Y.U.-Bellevue Medical Center, N. Y.,
N. Y.

nous or administered. Howell and McDon-
ald(1) were first to report the presence of
heparin in urine of dogs following injection.
Copley and Schnedorf(2) using a relatively
simple dye-precipitation technic, found that
from 9.9-35.6% of injected heparin was ex-
creted in urine of dogs within 110 minutes.
There was no activity before administration.
Jaques(3), using a metachromatic technic,
and Astrup(4), with an anticoagulant pro-
cedure, reported daily excretion in urine of
man of amounts up to 0.7 mg heparin with-
out prior injection. When injected, excre-
tions of 2-15%(3) and 1.6-129% (4) were ob-
tained.

The excreted material is not unchanged
heparin, as seen in -the disparity between
metachromatic activity and the lesser clot-





