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The flocculation reaction (a new immunochemical method of quantitative estimation of growth hor- 
mone) can be used as a control at each stage of obtaining hormone from human pituitaries by Raben's 
method. Flocculation analysis of the hormone content can be done rapidly in the course of the preparative 
work. Extraction of pituitaries with acetic acid was found to be highly efficient, and the method used for 

fractionating the Raben's extract is rational. 

The efficiency of methods used for obtaining protein hormones has so far been assessed by the re- 
sults of investigation of the final products. Because of the absence of an analytical procedure which could 
be used for control purposes in the course of the work at all stages of fractionation of the extract, consid- 
erable wastage of scarce raw material takes place and the development of new and improved preparative 
methods is restricted. Biological and physicochernical analysis are unsuitable for this purpose, for they 
are laborious and not sufficiently specific. The method of inhibition of hemagglutination is quicker, but 
still not sufficiently specific [4]. Radioimmunologie analysis is more specific, but takes too long and can- 
not therefore be used during preparative operations [7]. Only the analytical method based on the floccula- 
tion reaction in the system hormone-antihormonal horse serum, described by myself, satisfies all the 
demands of specificity and rapidity of performance [3]. In the present investigation the flocculat!on re- 
action was used to control each stage of production of growth hormone from human pituitaries by Raben's 
method [I0, ii]. 

EXPERIMENTAL METHOD 
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Fig. I. Estimation of 
growth hormone added to 
extract of human pitu- 
itaries by flocculation 
analysis. Ordinate, quan- 
tity of STH added; ab- 
scissa, quantity of STH 
determined. 

The method of obtaining horse antiserum against human growth hormone 
and of carrying out the flocculation reaction was described previously [2, 3]. 
Native antiserum of batch No. 426, in a volume of 0.4 ml, was neutralized by 
0.15 mg growth hormone (STH). The antiserum was titrated against a labo- 
ratory hormone standard (batch no. 89), which in a dose of 40 ~g increased 
the width of the cartilage in the tibia test [8] from 158 ~: 2.9 to 255 :~ 1.9. 

The method of obtaining the STH consisted of the following stages. Ex- 
traction of the pituitaries with 16 volumes glacial acetic acid at 70 ~ . Pre- 
cipitation of the first part of the ballast proteins by addition of �89 volume of 
acetone to the extract. Isolation of crude STH from the supenmtant by one 
volume of ether. Adsorption of a 2.5~c solution of the raw product in 0.1M 
acetic acid with hydroxyeellulose. Alkalification of the filtrate with 0~3M 
KOH solution and separation of the second and last part of the ballast proteins 
at pH 8.5. Preparation of STH from the filtrate at pH 8~ by mixing it with an 
equal volume of cold ethanol. 

To determine the STH content in the extract, 2.5 ml acetone was added 
to 0.2 ml of the sample, and the mixture was kept for 30 rain in a refrigerator 
and centrifuged. The residue was washed with acetone and dried in a vacuum 
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TABLE 1. Yield of Growth Hormone at  Stages of Its  P r epa ra t i on  by 
Raben ' s  Method (in percent )  

1st Ex t r ac t  I Solution of I Adsorbed  F i l t r a t e ,  Final STH 

I crude STH I solution pH 8.5 product  

100 I 87.6 =e 5.7 ' 88.4 ~- 4.9 75.4 • 7.5 50.3 • 11.3 

Content of STH in ba l las t  f rac t ions  

1st Ex t r ac t  

100 

2nd Ex-  
t r a c t  

10.6 • 3.4 

Acetone 
res idue  

9.5 ~: 2.4 

Re s idue, 
pH 7.5 

6.7 • 1.3 

STH f r o m  
~mother 
l iquor"  

1.2 ~- 0.6 

TABLE 2. STH Content in Acetone 
due of Bal las t  Pro te ins  

Acetone concentration 
(in %) 

Weight of residue (in %) 

STH content in residue 
(in % of ext rac t )  

50 40 

100 92 

7.7 6.2 

Resi- 

30 

78 

5.2 

exsiccator. The powder thus obtained was dissolved in 0.I ml of 0.1N NaOH solution, 3.9 ml water was 
added, and the sample was then analyzed. This method is competent because, as Fig. 1 shows, the hor- 
mone added to the extract was determined quantitatively by flocculation analysis. Other intermediate pro- 
ducts of STH preparation were analyzed directly after adjustment of the pH of their solution to 5.3-8.3 [4]. 

EXPERIMENTAL RESULTS 

The results of successive analysis of all stages of production of human growth hormone by Raben's 
method are given in Table I. Altogether more than I00 batches of Raben preparations were used. Stage- 
by-stage control was carried out on 27 batches, while for the rest the investigation was limited to analysis 
of the extract and the final product or analysis of stages in which deviations from the usual method were 
allowed. 

Results of the analysis showed that practically all the growth hormone is extracted from the pituitaries 
in the course of one extraction. The mean yield of STH in the extract was 10.5-11.3% by weight of pituitary 
powder, and in the case of individual batches of pituitaries it reached 17%. The property of acetic acid to 
extract pituitary hormones quantitatively is unique. It was first established for ACTH [6], and now this 
property must be extended also to STH. In methods of production of STH in which other solvents are used 
for extraction, in order to increase the yield of STH it is necessary to repeat the extraction of the pitu- 
itaries twice [9, 13] or even four times [12, 16]. 

Loss of hormone was minimal during removal of the first part of the ballast proteins (acetone resi- 
due) from the extract. A further decrease in the quantity of acetone from 50 to 30%, as suggested by Van- 
derlaan and co-workers [14], is not rational because if this is done the yield of hormone is increased by 
only 2.5% and the content of ballast proteins not precipitated by acetone is increased by 22~c (Table 2). 
These additional proteins are then separated from the supernatant by ether along with the STH, thus con- 

siderably increasing the percentage of impurities in the hormone. 

During subsequent adsorption of ACTH for 48 h in two changes of hydroxycellulose, no loss of STH 
was found. In fact, the hormone content showed a slight but significant increase. It would be difficult to 
explain this fact without assuming that the acetic acid in which the adsorption was carried out is capable of 
regenerating protein hormone partially inactivated by acetone [17]. Whatever the case, the results of analy- 

sis indicate high stability of STH in 0.1N acetic acid. 

The next stage, removal of the second and last part of the ballast proteins at pH 8.5,takes place with- 
out significant loss of STH. A trial reprecipitation of the residue at pH 8.5 did not increase the yield of STH. 
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The final s tage of hormone  product ion (isolation with ethanol) a l so  took place quant i ta t ively  and p r ac t i c a l l y  
no STH r ema ined  behind in the "m o t he r  l iquor ."  

Using Raben ' s  method as an example ,  it was thus shown that  f locculat ion is a re l iab le  and opera t ive  
method of control l ing STH product ion stage by s tage.  As a '  r e su l t  of this control ,  the high ef f ic iency of 
hormone ex t rac t ion  by ace t ic  acid was es tab l i shed  and all  the other  s tages  of f rac t ionat ion  of the ex t r ac t  by 
Raben ' s  method were  shown to be ra t ional .  In con t ra s t  to the p r epa ra t i ve  method of Wilhelmi [15, 16] or  
Reisfe ld  [12], the hormone  is not d is t r ibuted  among  many  f rac t ions ,  which i n c r e a s e s  the loss  of hormone  
and compl ica tes  its purif icat ion.  However ,  Raben ' s  method mus t  not be r ega rded  as  ideal.  I have f r equen t -  
ly obse rved  d isadvantages ,  and these apply  both to ex t rac t ion  with hot glacial  ace t ic  acid,  which causes  
modif ica t ion of the hormone  [5], and to the s tage of isolat ion of the hormone  with ethanol,  when it undergoes 
par t ia l  denaturat ion [1]. Flocculat ion analys is  a lso  revea led  another  weak point of Raben ' s  method,  the 
poss ib i l i ty  of incomplete  r emova l  of ba l l a s t  p ro te ins  a t  pH 8.5. 
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