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tions, some in two colors, and a pair of colored spec- 
tacles is pro7-ided fol* use with the anaglyphs. The 
pocket also contains a colored self-folding dodeca-
hedron and a set of cards fo r  mathematical movies. 
Perhaps "visual mathematics" describes the general 
character of the recreations. Wiiely, the author has 
refrained from attempting to teach anything, although 
any one who can turn the pages without learning some- 
thing must be singularly stupid. As in all good recrea- 
tions, the concealed mathematics sometimes lies very 
deep. I n  this sense the book is scientific. But it can 
be enjoyed by any one with a grammar-school educa- 
tion. 

Bs the contents are so unusual, me give a partial sum- 
mary of the topics touched so lightly and so effectively 
by the author (who, by the way, is a distinguished 
mathematician). W e  find : dissections of rectangles : 
noughts and crosses ; the slide rule ; chess problems, 
Euler's 36 officers, the 1 5  puzzle ;musical scales ;simple 
nomograms; the golden section, Fibonacci's secluence 

and phyllotaxis ; tesselations ; the triangle of forces ; 
Peaucelier's linkage ; anaglyphs ; straight-edge con-
structions, roulettes, cams ;hIinko~vski's lattice theorem ; 
the limapon, conics, the tractrix ; space-filling curves : 
the regular solids, crystals, densest packing, soap-
bubbles; orthodromes and loxodromes; ruled surfaces; 
the resolution of cusps on skew curves; topological 
problems-unicursal patterns, the bridges of Iconigs- 
berg, knots, Mobius' strip, existence of a bilateral sur- 
face with a knotted edge, the map problem for  a torus; 
Pascal's triangle and the "board of fortune," the Gaus- 
sian distribution-amusingly illustrated by an experi- 
ment on digitalized frogs, which inspires the author to 
rechristen the normal curve "the frog-line"; the lali7 of 
biologic growth, and finally, a somber mortality graph 
for  the U.S. in  1910. Scholarly historical and mathe- 
matical notes (184) conclude this most fascinating 
book. It should perform a genuine service by popular- 
izing mathematics. 

E. T. BELL 

SPECIAL ARTICLES 

CHARACTERIZATION O F  GONADOTROPIC 


HORMONES O F  T H E  HYPOPHYSIS 

BY THEIR SUGAR AND GLU- 


COSAMINE CONTENT1 


CHEIIICAL purification of the anteriou pituitary hor- 
mones has been impeded by their protein nature and 
by time-consuming bioassays. I n  the case of the 
gonadotropic hormones, the situation is further com- 
plicated by their est,ablished interrelations. Cheniical 
differences in t.hese hornlones traced by quantitative 
analytical routine ~ ~ ~ o u l d  naturally prove a boon in 
purification efforts. Thus the p~wification and crys- 
tallization of i~lsulin speedily followed the discovery 
of the high sulfur content of this hormone. 

It has recently been found2* 3* that gonadotropic 
preparations from the pituitaq- as well as from other 
sources are rich in carboilyd~rate, We therefore de-
te~mined the carbohydrate content (orcine method) 
of the 40 per cent, alcohol extracts of acetone dried 
sheep pituitaries nkich served as our starting ma-
terial, and of purifiecl F S H  and I C S H  fractions pre- 
pared therefrom. The method of fractionation v a s  
based on salting-out procedures5 and subsequent acicl- 
acetone fractionation. TSrhen asqayed in our hypoph- 

1 Aided by grants from the Board of Research of the 
University of California and Rockefeller Foundation of 
New York. 

2 31. Hartman and F. Benz, Nature, 142: 115, 1938. 
3 G. Fleischer, E. Schivenk and K. hleyer, ibid., 142: 

835, 1938. 
4 S. Gurin, C. Bachnlan and D. W. Wilson, SCIEKCE, 89: 

62, 1939. 
5 H. Jensen, I f .  E. Simpson, S. Tolksdorf and H. M. 

Evans, Jour. Biol. Chem.  (in press). 

ysectomized female rats the total X.E.D. of the 
best P S H  and I C S H  preparations vas  between 0.005 
mg and 0.01 mg. The starting material contained 
about 9 per cent. carbohydrate. F S H  fractions have 
a high carbohydrate content (10.3 to 13.1 per cent.) 
increasing n ~ i t h  pul-ification; I C S H  fractions" con-
spicuously lover carbohydrate content (5.4 to 3.6 per 
cent.), decreasing with purification. 2\11 other a~-ail- 
able hormone fractions fro111 the pituitary showed a 
lo~~y Although, as carbohydrate content (see table 1 ) .  
mentioned, F S H  fractions have an increasing carbo- 
hydrate content with illcreasing purity, a high car-
bohydrate content in any pituitary fraction can not 
be taken as a measure of its F S H  potenc>r, fo r  inert 
proteins isolated from F S H  mother-liquors had a 
content of 19 per cent, carbohydrate. 

I11 search for a more specific chemical characteriza- 
tion of gonadotropic hormones, g l l r , cosn rn i~~en7as deter- 
mined by the Elson-Morgan method. Gonadotropic 
fractions contained more glucosamine than any other 
pituitary preparations investigated. Glucosamine in- 
creased with the increasing purification of both FSEI 
and ICSH.  The best B S H  container1 8 per cent. 
glucosamine, I C S H  3.8 per cent., 7%-hile inactive f rac- 
tions contained approximately 3 per cent., thyrotropic 
hormone approximately 3 per cent., growth hormon; 
1.8 per cent. and lactogenic and adrenotropic no gluco- 
san~ine. Thus glucosamine determination may well be 
taken as a measure of gonadotropic potency in pitui- 

G Attention must bc dravn to the very striking difference 
in the carbohydrate content of p i t ~ ~ t a r y  ICXH (3.6 per 
cent.) and of chorionic ICSH-that in pregnancy urine 
(ea 18 per cent.). 



TABLE 1 

Pituitary fractions Carbohydrate, Glucosamine, 
per cent. per cent. 

40 per cent. Alcoholic Extract  of 
Sheep Pi tui tary Pomder . . . . .  9.2 3.0 

FSH 
(IF66A) . . . . . . . . . . . . . . . . .  13.1 

( I F I S )  . . . . . . . . . . . . . . . . . . .  10.3 


Th?lrotropic Itornloize 
i Schering) . . . . . . . . . . . . . . . .  2.9 

(USUOK) ................. 1.2 

Grou>tIt Itormoize 
(DhP14)  . . . . . . . . . . . . . . . . .  2.7 1.8 

Adr.eizotropic hornioite 
(LIB-44) ................. 0.41 0 

Lactogenic hor??rone 
(L16L4) . . . . . . . . . . . . . . . . . .  0.25 0 


Iner t  globulins . . . . . . . . . . . . . .  3.6 2.7 

Inert albunlins . . . . . . . . . . . . . .  19.1 3.7 


tary fractions and may prove a useful tool in the 
purification of these hormones. On the other hand, the 
absence of glucosamine in our adrenotropic and lacto- 
genic preparations is i~nportant  further evidence that 
gonadotropic hormones do not contaminate these prep- 
arations. 

Xhi le  from the foregoing it  is evident that carbo- 
hydrate determinations alone will not differentiate 
gonadotropic from other pituitary fractions, they are 
extremely useful mhen employed in conjunction with 
glucosamine determinations. Thus, glucosamine con-
tent enables one to differentiate between gonadotropic 
and other fractions from the pitnitary, while carbo- 
hydrate content gives the clue as to the particular 
gonadotropic fraction with vhich one may be dealing. 
Though future research may modify the ralues fo r  
either hormone, we can safely state that a glucosamine- 
rich pituitary fraction will be mainly F S H  if it  con- 
tains more than 12 per cent. carbohydrate, and mainly 
I C S H  if it contains less than 4 per cent. of the latter. 
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INSTITUTE BIOLOGY,OF EXPERIMENTAL 


UNIVERSITY BERKELEY
O F  CALIFORNIA, 

A SELECTIVE ACTION O F  URINE AND 

SERUM FROM PATIENTS W I T H  MALIG- 


NANT TUMORS ON EMBRYONAL 

AND NEWLY GROWING TISSUES 


SOXE two years ago there came for  examination a 
young man of t~+-enty-four, who had a tumor, a large 
embryonic cancer, of the right testicle. His urine, 
injected into a virgin rabbit, gave the characteristic 
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Ascheirn-Zondek reaction. The tumor as removed, 
and for  about a month the reaction was absent. I t  
then returned ancl u~i th the appearance of metastases 
laler on, the reaction became stronger. Being curious 
to see what effect this patient's urine u70uld have on 
the ovaries, 20 cc were injected daily, intravenously, 
into a 12-day pregnant rabbit. On the fifth day the 
animal aborted. As this was unexpected, the urine 
was injectecl into three other pregnant rabbits, with 
the same result as in the fimt. 

I t  was thought that the embryonic character of the 
tumor mas the important factor, ancl accordingly 
urines of patients with tu~uors  of correjponding types 
-dysgerminoma of the ovary, teratorna of the testicle 
and the Wilms tumor-were tested. These all pro- 
duced abortion. The urines of a large number of 
patients with other types of nzalignant tumors were 
then tested, and in all instances abortion occui~ed, 
usually u-ithin a period of five days. Blood serum of 
patients whose nrine had the abortifacient effect also 
was effective. As a control the urine or serum of a 
considerable number of normal individuals and ward 
patients free of nlalignancy 717as injected, v i th  nega- 
tive results. 

The uterine changes rvhich are produced are strik- 
ing. With daily injections of the urine, there occurs, 
starting a t  the inner border of the decidual cells, a 
progressive placental necrosis associated with infiltra- 
tion of inflammatory cells. The zone of necrosis be- 
comes increasingly broadened until it involves the en- 
tire embryonal mass on the decidua. With the re-
inoval or absorption of the foetal structures, the 
uterus eventually returns to a normal state. The 
foetus in its early period undergoes rapid loss of its 
structural form. I n  late pregnancy i t  is expelled 
mithout marked change in its structure. 

I n  addition to the action of the urine on the pla- 
centa and foetus other effects have been noted. When 
injected into non-pregnant rabbits, changes uTere 
found in the ovaries. These consisted of definite de- 
generation or clestruction of the graafian follicles, 
especially in the granulosa cell portion, the ovaries 
finally beconling small and sclerotic. Further, when 
injected into male rabbits, the testicles shoved de-
generation or complete absence of the speimatogenic 
processes. 

I n  some other e ~ p e ~ i n l e n t s  the urine was injected 
into rats which had been grafted Tith No. 256 Walker 
carcinoma. The usual course of such tun~ors  is that 
after a certain period of grou~th, necrosis and slough- 
ing occur, this beginning centrally and only gradu- 
ally extending to the periphery. The process is not of 
a hernorrhagic nature but of a suppurating type. I n  
the urine-treated rats a different picture was seen. 
Kecrosis occurred, but, instead of beginning in the 
center of the tumor, began at  the periphely and in- 


