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Recovery of Growth Hormone in Purification of Corticotropin. (19136) 

31. S. RABEN AND \'. W. WESTERMEYER.* (Introduced by E. B. Astwood.) 
Fronz the Ziskind Reseurch Laboratories, Xew England Center Hospital, and the Department o! 

Medicine, Tufts College Medical School, Boston, Mass. 

Current procedures for the extraction and 
purification of pituitary growth hormone have 
given consideration to the reported ready 
destructibility of the active principle( 1 ) , con- 
sistent with estimations of a large molecular 
size and protein character( 2,3). Sensitivity 
to heat (1,2$,5) and to acid(2) have been 
noted and most procedures have been per- 
formed in alkaline or near-neutral media 
(1-3,6.7), and sometimes in the cold( 1.3). 
It is perhaps surprising, therefore, to find that 
the method recently reported by Astwood, 
Raben, Payne, and Grady(8) for the purifica- 
tion of the highly acid-resistant corticotropin 
leaves in the final residual solution an abun- 
dance of active growth hormone. 

Initial extraction of acetone-dried pig an- 
terior pituitary powder with glacial acetic acid 
at 70°C was followed by removal of an ace- 
tone precipitate containing thyrotropin, go- 
nadotropins, and some luteotropin : crude 
corticotropin was then obtained by precipita- 
tion with ether (9) .  The crude corticotropin, 
with a potency of about 2 u//mg, was dis- 
solved with warming in 0.1 S acetic acid and 
stirred with 8% its weight of powdered oxi- 
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dized cellulose (10.4% ColoH) for 20 hours 
at  room temperature, The oxycellulose re- 
moved 27% of the solids of the pituitary ex- 
tract and 90% of the corticotropic activity. 
The remaining acetic acid fraction, containing 
about 12% of the solids of the original ace- 
tone-dried pituitary powder and 98% of the 
solids of the crude corticotropin, was found to 
be rich in growth hormone. Retreatment of 
this fraction with a 20% weight of oxidized 
cellulose removed almost all the residual cor- 
ticotropin without detectable loss of growth 
hormone. When tested in hypophysectomized 
Sprague-Dawley male rats,t weighing 80 to 
100 g, by the weight gain produced with daily 
intraperitoneal injections, this fraction ap- 
peared to be roughly 20% as active as the 
purified growth hormone preparation of Wil- 
helmi (Table I). Adjustment of the pH of 
the acetic acid fraction to 5.5 in the presence 
of 0.3 N potassium acetate caused 7870 of 
the material to precipitate from a 2.570 solu- 
tion. The precipitate (No. 4, Table I )  was 
about as active as the whole acetic acid frac- 
tion. Similarly, precipitation of 70% of this 
fraction at  pH 3.5 did not effect a separation 
of growth activity from the major portion of 
the solids (No. 3, Table I). Purification was 
achieved, however, with a modification of 
Kilhelmi's procedure (3), by removing the 
precipitate formed at  pH 8.5, and adding 9570 
ethanol to the supernatant to 47.5 or 60% 
concentration. The alcohol precipitate con- 
taining 10.5 to 13% of the solids was approxi- 
mately as potent as the purified preparation 
used for reference (No. 6 ,  Table I). 

Growth hormone had a relatively low af- 
finity for oxycellulose and the cellulose ap- 
peared to be a poor fractionating agent for 
growth hormone when employed in the man- 
ner described. Comparing the adsorption of 

t Some of the animals used were hypophysecto- 
mized by the Gharles River Breeding Laboratory, 
Boston. 
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TBBLE I. Growth Effect as Tested by Daily Intraperitoneal Injections in Hypophysectomized 
Rats. 
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an elect rop hore tically homogeneous growth 
hormone preparation( 3 ) ,  kindly provided by 
A. E. Wilhelmi, with that of purified cortico- 
tropin, it was found that the amount adsorbed 
on 1 g of oxycellulose (10.4% COOH) from 
a 0.1 X acetic acid solution, and eluted with 
0.1 K hydrochloric acid, was approximately 
6 mg of the growth hormone, and 340 mg of 
corticotropin( 10). Treatment of the acetic 
fraction with a 12.5-fold weight of 19% car- 
boxyl oxycellulose yielded only 16.5% of the 
material in the eluted fraction. The growth 
activity, furthermore, appeared to be about 
equally concentrated in the eluted and the un- 
adsorbed fractions (No. 2, Table I ) .  

Studies on the stability of growth hormone 
have led Li to conclude that growth hormone 
is more stable in alkali than acid ( 1 1 ). This is 
in contrast to earlier work which had indi- 
cated to Evans, Meyer, and Simpson that the 
hormone was more susceptible to alkali( 1) , 
and to Collip that growth hormone was most 
stable at  pH 2 (4).  The preparations described 
here survived a glacial acetic acid extraction 
at  70°C and solution in 0.1 N acetic acid 
for 2 days at  room temperature and for 5 to 6 
weeks at 10°C. 

Kamm and coworkers reported that the 
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posterior lobe principles could be extracted 
with glacial acetic acid at  25°C but that the 
extraction was facilitated by the presence of 
2% water (12). Evans, Meyer, and Simpson 
found the growth hormone to be extractable 
a t  20°C with 95 to 98% acetic acid, but not 
with glacial acetic acid(1). It has recently 
been shown that the presence of as little as 
0.5 % water improves the efficiency of extrac- 
tion of corticotropin with acetic acid at room 
temperature( 13). The glacial acetic acid 
used for the extraction of corticotropin 
(14,9,8), and as used in the present work, 
was standard reagent grade acid, stated to 
contain about 0.5% water. 

Summary. Extraction of acetone-dried hog 
anterior pituitary glands with glacial acetic 
acid at  70°C and removal of corticotropin 
with oxycellulose provides a method for the 
preparation of corticotropin and growth hor- 
mone in a single procedure. 

We are indebted to Dr, David Klein of the 
Wilson Laboratcrries for a generous supply of pitui- 
tary powders. 
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