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17144. Adsorption of Urinary Gonadotrophins on Kaolin. 

J ~ E S  T. BRADBURY, ELWYN S. BROWN, AND WILLIS E. BRQWN. 
From the Dryartntents oJ' Obstetrics attd Gynecology, ITtliversity of Loziisville, and the State 

University of Iowa. 

Zondekl described a method of obtaining 
gonadotrophic hormones from urine by pre- 
cipitation with 4 volumes of alcohol. With 
minor modifications, such as the substitution 
of acetone for alcohol, this has remained the 
basic method of preparing urinary gonado- 
trophic hormones for assay.)-" Other pro- 
cedures have been less commonly employed. 

recovered from urine by an adsorption tech- 
nic. This report describes a procedure by 
which either chorionic or pituitary gonado- 
trophins can be recovered from urine. The 
main advantages ape, one, a great saving in 
alcohol over that which has been used pre- 
viously and, two, a shorter time for p'repara- 
tion since dialysis is not necessary. 

Katzman and Doisyti recovered the hormone 
from urine by precipitation wimth acetone sat- 
urated with benzoic acid. Since the hormone 
is a protein, precipitating agents such as 
tannic acid7 and ammonium sulphateS have 
been used, and u~trafiltration!'.'') has also 
proved successful. Katzman: et aZ.,l dlemon- 
strated that chorionic hormone could bse ad- 
sorbed from urine by passing it through a 
column of permutit. Scott12 and later Land- 
grebe and SamsonI3 used kaolin as the adsorb- 
ing agent for chorionic hormone. 

Since chorioiiic hormone could be adsorbed 
on permutit or kaolin it seemed probable that 
the pituitary gonadotrophin could also be 

1 Zonclek, 13., % c ~ i l f m ~ b l .  1'. G y r i ~ k . .  19'29, 53, 834. 
2 Bellerby, C. X.. S t r t ( t r r ,  London. 1934, 133, 

3 Crew, F. A. E., Brit. X e d .  J . ,  1939, i G 6 .  
4 McCullagh, D. R., and Rowman. W. E., Etitloc- 

5 Hcller, C .  G., ; ~ n d  Cliaiidler, K. E.. J. ( * / o I .  

fi Katzman, P. A, aiicl Dois?, 1:. -4.. J .  / J l o l .  

7 Levin, L., and Tyndale, 11. 11.. PROC. So(-. Ew.  

8 Jones. G. E. S., and Ruclier. S. T,. R.. En/7o('- 

9 Gorbman, A., E)idocyimlogy,  194.5, 37, lii. 
10 Jungck, E. C., Maddock, W. 0.. and HeIIer, 

C .  Q., J .  Cli% Endocrinol., 1947, 7, 1. 
3 1  Katzman, P. A., Godfrid, M., Caiii, C. K., 

and Doisy, E. *4., J .  Biol. Uwm., 1943, 148, 501. 
12 Scott, L. l),, IF:r i f .  J .  FJ.).p. Putb.. 1940, 21, 

380. 
lsLandgrebe, F. W., and Sailison, Lo, J .  Obst. 

and Gyn.  Erit .  Ewip., 1944, 5.1, 133. 

444. 

rinology, 1940, 27, 52.5. 

E,~docrinol,, 1949, 2, 252. 

Chem. .  1932, 88. i43.  

BIOL. AND MED.. 1936, 34. 214;. 

rinology, 1943, 32, 46. 

Jfaterials and method. Kaolin (N.F. pow- 
der),  that has been washed with normal hy- 
drochloric acid and then with water until 
neutral, is made up as a 20% suspension in 
water. This is a stable stock preparation 
that should be shaken thoroughly before us- 
ing. 

1. L-se a fresh 12  or 24 hour specimen of 
urine. Acidify to pH 4.5 with acetic (or hydro- 
chloric) acid and then run through a coarse 
filter to remove mucus or particulate matter. 

2.  .\dd 5 volumes percent of the kaolin sus- 
pension to the acidified urine and stir th'o'r- 
oughly. Allow the kaolin tol settle out. (One 
hour is usually sufficient but the mixture may 
be set in the refrigerator overnight). 

3. Decant thle supernatant andl collect the 
sediment in a large centrifuge flask. Centri- 
fuge, and discard the supernatant. 

4. Add water and resuspend the kaolin by 
vigorous stirring or shaking. Centrifuge or 
allaw to settle, decant and wash again with 
water until the kaolin is free of urine, This 
washing replaces the dialysis of the alcohol 
ineth'od. 

5. Elute the 8hlormune from kaolin by adding 
a volume of normal amm'onium hydroxide 
equal to that of the kaolin suspension origin- 
ally added to the urine. Stir thoroughly and 
allow to stand 20 to 30 minutles. Centrifuge 
and save the supematant. The kaolin may 
be wash.ed again, the second ammonia eluate 
added to the first and the kaolin discarded. 

6 .  Add glacial acetic acid to the combined 
eluates until pH 8.5 is reached. If a floccu- 
lent precipitate forms, centrifuge and discard. 
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TABLE I. 
Ovarian Weights in Immature Rats Injected with Extracts of Urine from Postmenopausal 

Patients. Aliquot8 of Pooled Specimens Were Adjusted to Diber&t Degrees of Acidity Before 
Adsorption on Kaolin. 

Adsorbed on Eaolin 
at pH 

Control r \ 

Exp.No. Alcoholppt. 7.0 6.0 5.5 5.0 4.5 4.0 3.5 3.0 Eluted with 

1 69 59 19 
47 58 15 

2 - 99 57 
- 76 73 

3 136 112 101 
118 82 145 

4 - 16 87 72 58 65 - 19 62 87 66 71 

5 - 18 18 32 39 
- 15 17 46 34 

46 3N NH,OH 
35 

? ?  17 
9 

81 2 N  NH,OH 
107 

3 ,  20 
18 

Exp. 1, 2, and 3, urine acidified with hydrochloric acid. 
Exp. 4 and 5, urine acidified with acetic acid. 

Bring the clarified supernatant to pH 5.5 
with glacial acetic acid. 

7. Add 4 volumes of 95% ethanol, slowly 
and with constant stirring to precipitate .the 
hormone. Set in refrigerator until thoroughly 
chilled, centrifuge and dry the precipitate in 
a gen.tle stream of air. 

8. Dissolve the precipitate in a volume of 
water or phosphate buffer (pH 8.0) suitable 
for assay. 

In  our experience, urines f'rom postmeno- 
pausal women or from patients with other 
hypergonadbtmphjic conditions give suitable 
assay dose ranges in infantile female rats if 
the find extract is made up so that 1 cc is 
equivalent, to one hour's output of urine. Six 
injections of 0.5 cc each make the total dose 
equal 'to a 3 hour urine volume. The ex- 
amples given below were made up in this way 
and show the ovarian weights alt autopsy 72 
]:ours after the first. injection. If mice are 
used for assay the total dose can be reduced to 
t'he equivalent of about one hour's urine ouk- 
put. Assays to determine the quantities of 
hormone present in the urine of normal men 
or women require the use of larger quantities 
per test mouse or rat so the total dose should 
be equivalent to a 6 or 12 hour volume. 

Proof of method. In  the course of develop- 
ing and teslting the above method of adsorbing 
urinary gonadotroph'ins on kaolin, the optimal 

conditions and quantities to be used in each 
step were determi'ned. Usudly the yield of 
hormone was compared to that obtained from 
an aliquot precipitated with alcohol as a 
standard of reference. 

I t  has been customary to use fresh urine 
specimens to avoid partial or total destruc- 
tion of the hormone through bacterisd or 
chemical degradation. In  three experiments 
the urine was allowed to stand several days 
and become very alkdine th.rough the break- 
down 0.f urea to ammonia. When precipi- 
tated directly with alcohol these specimens 
yielded such highly toxic extracts th-at assays 
were not possible. After acidification. and ad- 
sorption o~ kaolin, washing with water d&- 
nitely reduced the toxicity of the extracts and 
hormone was recolvered. In  order to learn 
whether urease would affect the yield of hor- 
mone, that enzyme was added to' urine and 
allowed to react for 2 hours with formation 
of ammonia. Subsequent acidification and 
adsorption on kaolin resulted in quantitative 
recovery )of the hormone. The alkaline change 
due lto urease activity is apparently not im- 
mediately destructive of the hormone. Col- 
lection of urine under tohene tends to pre- 
serve the natural acidity and the toluene is 
easily separated before kaolin is added. 

The optimal pH for adsorption on kaolin 
was 'determined in several trials in which ali- 
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TABLE JI. 
Ovarian Weights in Immature Hats Iiijected with Extracts of Urine from Postmenopausal 
Women. The hormone was adsorbed on kaolin and then the aliquots of the kaolin were eluted 

with different concentrations of tlmriioniuni hydroxide as noted. 

Eluted frow kaolin with 9H+OH Korrna1it;r. 
7 __ c 0 11 t r 0 1 ,- 

Exp. No. Aleotiol ppt. 3.0 2.5 
_ _ -  . - - - - - - ._ - - - - - - - - - 

6 139 ti8 
129 41 
145 10ti 

I 4 i  (if; 
43 82 

8 14: 169 
151 183 
121 151 

- - . . --. - -  - -  

quots of urine were adjusted to different de- 
grees of acidity. In 3 experiments the pH 
was adjusted with hydrochloric acid (Table I )  
and recovery of the hormone was uniformly 
good at pH 5 ,  but was poor in one instance 
a t  p H  4 and once at pH 3.  I n  2 other ex- 
periments using acetic acid the results were 
satisfactory from pH 3.5 to 5 but since the 
hormone was not adsorbed above or below 
this range. pH 4.5 has been selected as an 
optimal acidity for adsorption. Sulfuric acid 
was used in 2 experiments without success. 

Having adsorbed the hormone onto kaolin, 
the next problem was to determine the optimal 
conditions for $elution and recovery. -4mmo- 
nium hydroxide was used in the elution process 
in concentrations up to 3 K without apprecia- 
ble destrulction or loss of hormone, (Table 11). 
In  Experiments 6 and 7 {the recovery with 1 
N NH40H was incomplete as compared to 
higher concentrations of ammonia but in Ex- 
periment 8 it was satisfactory. Experiments 
6 and 7 weredone before it was found that the 
kaolin can be washed with water and that 
the residual acid in the kaolin probably par- 
tially neutralizes the ammonia and reduces its 
efficiency. We have failed repeatedly to re- 
cover the hormone from kaolin with XaOH 
in concentrations from 0.1 K up to 3 fL’. 
Since elution with ammonia after using XaOH 
has also failed to recover the hormone, it ap- 
pears that the pituitary gonadotrophin is 
easily and rapidly destroyed by sodium hy- 
droxide. By contrast, chorionic gonadotro- 
phin is apparently eluted! quanlti tatively from 
kiolin by either 0.1 N NaOH or N NH40H. 

2.0 1.5 1.0 No. of elutions 

11i 4.3 1 
113 1 .J 
92 1 (j 

- - _ _  - _ -  - _ - _  - - -  - - - - -____ 

1 0 1  83 24 2 
’71 90 19 

14.5 1 7 7  139 2 
146 140 165 (After water wash) 
119 1’’s 113 
- _- _-_  __ - 

Katzman, et al., used 10% ammonium 
acetate in 40% ethanol to elute the chorionic 
hormone from permutit. This mixture is also 
satisfactory for ehting gonadotrophin from 
kaolin and is superior to ammonium hydlrox- 
ide in alcohol, but: in our experience is not 
superior to aqueous ammonia. There are no 
experiments in which the dry weights of the 
final precipitate can be compared to give an 
inldtication of which ehting mixture may give 
the higher potency per mg of precipitate. The 
relative eff-ectiveness of ammonium hydroxide 
in water and ammonium acetate in alcohol 
suggested that ethanolamine might be an ef- 
fective elutant; this was proved in two ex- 
periments but seemed to offer no advanltage 
over either of the others. 

Other adsorbents were tried only casually. 
In three experiments the hormone was ad- 
sorbed on Filtercel and) then recovered with 
ammonia. The coarser particles of permutit 
adsorbed ‘the hormone more effectively when 
packed in a column and the urine allowed to 
percolate rather slowly. Ch,arcoal (Norit) 
adsorbed the hormone but no eluting agenit 
was found. 

The quantity of kaolin necessary to pro- 
vide a surface area adequate for complete adL 
sorption and still have a minimal volume for 
elution procedures was determined in several 
experiments (Table 111). In experiment 9, 
1 volume percent (15 cc in 1500 cc of 
urine) of kaolin suspension gave as com- 
plete recovery of hormone as 10 volumes per- 
cent. However, in experiment 10, the smaller 
quantities of kaollin were less effective. On 
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TABLE 111. 
Ovarian Weights of Immature Rats Injected with Extracts of Urine from Postmenopausal 
Patients. The amount of kaolin added to the urine was varied as indicated to determine the 

minimal amount of kaolin that would adsorb the hormone. 

Quantity of kaolin suspension 
Volumes % 

J 7 Control -- 
Exp. No. Alcohol ppt. 10 3 1 

9 

10 

- 

55 
64 

130 107 140 
112 68 153 

91 
63 

53 
49 

18 
18 

the basis of these observations it seems that 
5 to 10 volumes percent of kaolin suspension 
is best for routine use. 

This method has !been found equally appli- 
cable to recovery of chorionic hormone or of 
the pituitary hormone from the urine of post- 
menopausal women. In  2 experiments, these 
hormones were adsorbed simultaneously and 
the expeoted' augmentation was demonstrated 
by assay of the find extract. One-half of a 
postmenopausal urine specimen was adsorbed 
on kaolin (a), while 100 cc of pregnancy 
urine was added1 to the other half before ad- 
dition of the kaolin (,a plus b) . A second 100 
cc portion of the pregnancy urine was also 
treated with kaolin (b) .  In the subsequent 
assays, the pituitary gonadotrophin (a) in- 
duced rat ovarian weights of 52 and, 58 mg, 
whereas, thlose for the pregnancy urine ex- 
tract (b) were 34 and 36 rng (with corpora 
lutea) , and those of the cornbi~ned~ urine eluate 
(a  plus b) were 180 and 176 mg. This rep- 
resented a definite augmentation reaction re- 
sulting from the simultaneous adsorption of 
the pituiltary and choriunic gonadotrophins. 
Another example may be cited: a 19-year- 
old1 boy with inlflafitilism associated with tlestic- 
ular agenesis had high urinary levels of pitui- 
tary gomdotruphins (kaolin. extract of 6 hour 
urine volume induced ovarian weights of 52 
and 58 mg) . He was given1 chorionic gona- 
dotrophin, and on the 'third day of treatment, 
excretion of thse administered hormone to- 
gether with the pituitary gonadotrophin was 
determined by assay. The same urinary 
equivalenit of kaolin extract (6 hours output 
per test rat) produced ovarian weights of 257 
and 260 mg. 

This study was primarily a 9eries of spot 

checks to dekermine the limits within which 
a routine procedure could be developed. 
Small numbers of rats were used in each1 test 
s i n e  quantitative precision was not attempted. 
In  12 tests the extracts of alcohol precipi- 
tates were compared with those of kaolin ad- 
sorbates. In 3 instances material olbtained by 
the alcohol method produced significantly 
greater increases in ovarian weights, in 6 trials 
the kaolin method seemed superior, and there 
was no significant difference in the olther three. 
The sum of the ovarian weights for the 26 
mts receiving extracts of alcohol precipitate 
was 2081 mg, as compared to 2073 mg for 
the 26 rats receiving kaolin extracts. Thus, 
there is no significant difference in the re- 
covery of hormone by the two methods. 

The main advantage of the kaolin1 method 
is the marked saving of ethanol. For ex- 
ample, the hormone from 1000 cc of urine can 
be adsorbed upon 50 cc of kaolin suspension, 
then elutaed in! two 50 cc portions of N ammon- 
ium hydroxid'e, whsich on subsequent acidifi- 
cation wiI1 not exceed' 120 cc in volume and 
from whlich the hormone can be precipitated 
with 500 cc of alcohlol. The original urine 
specimen would h'ave required 4000 to 5000 
cc of alcohol plus an additional quanltity used 
in the second precipitation (after dtialysis) . 
A second advantage is that washing the kaolin 
wSth water accomplishes the same d!etoxific8a- 
tion as dialysis but much more rapidly and 
avoids the transfer of solution to, and from, 
the djialysing bag. 

,bother advantage is that the samle urine 
specimen can be used for both gonadotrophic 
and steroid determinations if the supernatant 
urine and the water washings from the kaolin 
are saved. A series of tests has shown that 17 



232 STREPTOMYCIN PRODUCTION BY Streptomyces griseus 

ketosteroid estimations after the use of kaolin 
are the same as those obtained from untreated 
aliquats of urine. 

Summary. A method is described for the 
adsorption of gonfadotrophic hormones from 
urine onto k'aolin and their subsequent elution 

of alcohol needed to precipitate the hormone 
from solution, the final extracts are less toxic 
and can be prepared in a shorter time. The 
hormone assays are comparable to thuse ob- 
tained with the usual alcohol precipitation 
method. 

with ammonium hydroxide. The GIid_xay 4, 1949. P.S.E.B.M., 1949, 71. 
small volume of the eluate reduces the amount 
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Since the first announcement' that certain 
strains of Streptomyces griseus produce the 
anti'bio tic streptomycin, pertinent questions 
have been raised in regard to the ability of 
this organism to produce the particular anti- 
biotic: 1. Is this a characteristic property of 
all strains of the species S. griseus? 2. How 
widely distributed is the capacity for pro- 
duction of streptomycin among actinomy- 
cetes? 3. Did the original strain of S. griseus, 
first isolated in this country in 19 15 by Waks- 
man and Curtis,2 also possess the capacity for 
producing streptomycin? (The last question is 
of considerable ,theoretical and historical in- 
terest, since it has a bearing upon the identity 
of athe streptomycin-producing strains isolated 
in 1943 with the original 1915 isolate, as well 
as upon the fact that had the subject of anti- 
biotics been recognized at  that time, it would 
not bave taken that long to recognize the 
actinomycetes as highly important producers 
of antimicrobial agents.) 

The first two questions were soon answered. 

* Journal Series Paper, New Jersey Agricultural 
Experiment Station, Rutgem Lvniversity, The 
State University of New Jersey, Department of 
Microbiology. 

I t  was established3 that only certain few 
strains of S. griseus are capable of producing 
streptomycin, whereas most of the other 
strains that can easily be isolated from natural 
substrates are either unable to produce any 
antibiotics at all or may give rise to anti- 
biotics other than streptomycin, such as 
grisein,4 and that certain actinomycetes, other 
than S. griseus, also possess the capacity of 
forming streptomycin.5 

In an attempt to answer .the third ques- 
tion, the original 1915 culture, which has 
been kept alive by frequenlt transfers since 
its isolation in the collection of the New 
Jersey laboratories under the ATCC number 
3326, was !tested for its antibiotic-producing 
capacity. The same culture was dkpsited in 
1920 in the Balarn collection in Hlolland; it 
recently was obtained from that collection 
and given the number 3326a. Repeated tests 
for their antibiotic-producing capacity re- 
vealed the fact that the culture kept in New 
Jersey was totally umble to produce either 
streptomycin or any other antibiotic sub- 
stance, whereas the corresponding Baarn cul- 
ture was capable of forming an antibiotic 
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