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Purification of Muinan Pituitary Follicle Stimulating (FSH) and 
Luteinizing (1,H ) Hormones." (24976) 

A num1)er of in\iec;tigators reported partial 
p u r i ti c:i ti (1  t  1 o f h 11 121 a n qo 11 a (1 o t r (11 I i n a 11 (1 f 01 - 
licle stimulating hormone ( FSH ) ( 1.2.3 ) . 
Steelman ct nZ.( 3 )  showed that a simple es- 
traction of acetone dried pituitaries and pre- 
cipitation with alcohol resulted in a 50-100 
fold purification of gonadotropins. Since the 
initial publication it has been possible to sepa- 
rate FSH and luteinizing hormone ( L H )  ac- 
tivities and prepare highly active fractions. 

JIctlzods und rrszrlts. FSH was assayed 1 ) ~ -  
the method of Steelman and T'ohley ( 4 )  based 
ul)on ovarian weight increase i n  in tact imma- 
ture female rats treated for 3 days with hu- 
man chorionic gonadotropin. In all assays 
samples were dissolved in 0.9 '/c saline con- 
taining 0.5% gelatin a t  pH 6-7. LH was 
measured in immature hypophysectornized 
male rat using increase in ventral prostate 
weight as index of activity. Animals were in- 
jected (24  hours after operation) once daily 
for 4 days and sacrificed on fifth. Total gona- 
dotropin activity was determined by increase 
in uterine and or ovarian weights in immature 
female rats and mice. The assay schedule 
consisted of 2 subcutaneous injections a day 
for 3 days and autopsy on fourth day. Chro- 
matography with ru;.bo.\.jliucth>1/ crllzdost. 
(CMC'). Sixty mg of human gonadotropin 
concentrate(3) was dissolved in 60 ml of 
water and adjusted to pH 6.1 with dilute am- 
monium hydroxide. This was placed on a 
column of PAIC (0.4-0.5 rneq g )  (10 s 200 
mm) previously equilibrated a t  p H  6.1 with 
0.01 &I ammonium acetate buffer (Fig. 1 ) .  
The  sample was followed with pH 6.1, 0.01 
31 ammonium acetate. Elution of retained 
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fraction was accomplished with 1 bl am- 
monium acetate and was designated fraction 
C'lIC-€3 and contained LH.  The non-re- 
tained fraction (C'MC-A) had about 80% of 
protein and all FSH activity. Fraction CMC- 
B was lyophilized and reworked on CMC un- 
der identical conditions, except a gradient (1 
11 S H 4 A c  through 200 ml reservoir of 0.01 M 
SH,Ac) elution was employed. This re- 
sulted in 2 well separated peaks-CMC-B-1 
and CAI('-B-2. Fraction CMC-B-1 which 
emerged first contained practically all the LH 
activity. while ChlC-B-2 had very low activ- 
ity. DE.1 E-Celldose. Fraction CMC-A was 
adjusted to pH 7.0 with dilute ammonium hy- 
droxide and placed on a DEAE-cellulose (0.5 
meqjg) column (8 x 150 mm) equilibrated a t  
pH 7.0 with 0.01 M ammonium acetate (Fig. 
2). 

All FSH activity and most of protein were 
adsorbed. After washing with 0.01 M buffer, 
a gradient of 0.75 31 NH4Ac through 200 ml 
of 0.01 31 NHIAc was applied. The FSH frac- 
tion emerged first and was extremely active 
(50 x standard). Fraction B was less than 
10 times standard. Although optical density 
a t  280 mp was used to estimate protein con- 
tent of individual tubes, the protein content 
of fractions from pools of tubes was deter- 
mined by a microbiuret method(5) using 
crystalline bovine albumin as a standard. All 
activities were expressed in terms of biuret 
protein. Folin-Lowry determinations (6) were 
made on selected samples and in general 
agreed with biuret values, although they 
tended to be slightly higher. 

Attempts to rechromatograph DEAE frac- 
tion A resulted in considerable loss in biologi- 
cal activity and no increase in specific activity 
of any fraction. This confirms observations 
made with swine FSH( 7 ) .  

Table T summarizes gonadotropic activities 
Krsearch, Rahway, N. J. of the various fractions. I t  was of particular 
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geneous. Steelman and Segaloff (8) reported 
that purified equine gonadotropin concen- 
trates have LH activities of 5-7 times the Ar- 
mour Standard ( 2 2  7-80). 

Human pituitary FSH appeared to be at  
least as potent as swine and sheep FSH(8).  
On the basis of published data, the FSH prep- 
aration reported here is a t  least 10-20 times 
as active as those of Li(1) and Gemzell(2). 
Unfortunately, the same reference standard 
was not used by the 3 laboratories. Li( 1) has 

Fr A (10-41 1 
Fr 8 ( 5 9 - 7 5 )  

proposed the use of a slope unit based on the 
assay of Steelman and Fohley(4). Unfor- 
tunately, this predicates the use of a biologi- 
cal end point rather than a standard reference 
preparation. The variation in responsiveness 

I of the animals renders this of doubtful value 8 ' '1 FRACTION A (70-84) 2 0  as a quantitative measure of FSH activity. - B (85-104) 41 Twelve consecutive FSH assays conducted in 
the laboratory of one of the authors (SLS) 
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were analyzed and the slope unitage deter- 
mined for the reference preparation ( 2 64- 15 1 - 
X).  A range of 200-750 units/mg was found. 
Fraction DEAE-A possessed 10,000-20,000 
slope units per mg. It was estimated that a 
total dose of 2 ,pg of DEAE-A will, under 
normal assay conditions, produce approxi-, 

604 ;o d o :  do ~ b o :  r ;o  ILO mately the same response as 50 p of the Li 
F R A C T I O N  N U M B E R  Fraction F. Table IT summarizes a typicall 

>'I(;. 1. Chromatograpby of huiiian g011:iclotro- FSH assay of 2 separate DEAE-A fractions 

optic:rl tleiisity was observed optical densit,y (280 
nip) riiiiltiplieil by s:iinple volumc. sponse curves of the standard and unknown 

DEL4E-cellulose. It has been possible to prepare human LH 
interest that human pituitary LH was ap- which was relatively free of FSH. Sufficieni; 
proximately 10 times as active as pure sheep LH has not been available to assay for FSH 
LH. A total dose of 5001 mpg gives a t  least a t  very high dosage levels. So far it has not 
1OOyrO increase in ventral prostate weight in been possible to prepare FSH free of LH. 
hypophysectomized male rats. Sufficient hu- Even recycling the FSH fraction from the 
man LH has not been available to conduct CMC column on fresh CMC did not remove 
adequate physicochemical studies; however, additional LH, Either the remaining LH has 
the CMC-B-1 did not appear to be homo- different properties from the one retained by 

I- o.oo bb 
Gradient :  A : 8 : 

pill 011 c ~ l c .  Fraction \'olUllle \VB8 2 1111 al ld  total  of human FSH. The slopes of the dose re-. 

PI(:. 2. C1iroin:ttogr:tphy of 41~111al1 FXH 011 do not differ significantly. 

T A B ~ A E  I, Gonadotropic Activities of €lum:rn Pi tui t :  

FSH X LH X r---Gonaciotrolii 11-~ 

Fractioii X t ancla r d.% M t a iida r il t Iz.u./mg :: hf .T J./rng Q 
Star t ing  m a t  eri a1 8-10 3-5 200- 400 
CRSC-A 19-12 .Ti-- 1 .o 100- 200 

-13 - 1 < .5 10 500-1 000 :300-500 
LIEAE-A 50 1-1.5 50 0-1 0 0 0 3 0 0-50 0 

* Armour Xt:tucXard 264-151-X. t Arniour Standard 227-80. 
6 Oiic mmse uni t  = ISO% iiierease in uterine wt. 

3 One r;rt unit  = 100%1 
increase in uterine wt. 
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,+ Each ;~i i ir i inl  rcccirctl total of 40 T . U .  of Iiuman 
chorionic goiiritlotropiii plns iiitlicntcd ninount  of 
FSH. 

t 2 stantl. Pl’ror of 111(’:111. 

CAIC or, it is inherent in the molecule of FSH. 
Tt should be recalled that pregnant mare se- 
rum gonadotropin has both FSH and L H  ac- 
tivity. Tndeed, the preparations reported by 
Li ( 1 ) and Gemzell(2 ) both contained consid- 
erable LH. \Yard r t  a l . ( 9 )  and Li and 
Squires( 10) have reported 2 types of LH 
from sheep pituitaries. In the case of Ji-ard 
ct  aZ.(9) both were adsorbed on CblC under 
the conditions cited in this paper. In fact, it 
was proposed that one was derived from the 
other, and it is possible that they are identical 
with the (L and ,B L H  of Li and Squires( 10). 

Our important finding was that both hu- 
man FSH and LH were highly active in caus- 
ing increases in uterine weights of rats and 
mice. For many years, the standard method 
for determining gonadotropin content of hu- 
man urine has been the increase in uterine 
weight in immature mice(l1).  This has er- 
roneously been called FSH. As can be clearly 
seen in Table I, both FSH and L H  were ac- 
tive. Recently(l0) it has been shown that 
human urinary gonadotropins can be sepa- 

rated into FSH and LH fractions, and that 
both have uterine weight activity. The two 
hormones had chromatographic behavior simi- 
lar to their precursors from the pituitary. 
Thus, it should be possible physically to sepa- 
rate and biologically assay FSH and LH in 
the urine of humans. This would materially 
aid the clinician in accurate diagnosis of 
many gonadal and pituitary dysfunctions. 

FSH and LH from human pi- 
tuitaries have been isolated with high specific 
activities. Both FSH and L H  had uterine 
weight increasing activity in immature rats 
and mice. The FSH had approximately the 
same activity as porcine and ovine FSH, how- 
ever, L H  was 10 times as active as pure ovine 
LH. 

Summary. 
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