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Araericaiz Biology Tencher. The sixth begment will matical Sssociation of America and the National Asso- 
appear in the January issue of that journal. S ~ J - e n  ciation for  Research in Science Teaching. This joint 
thousand copies of the complete report, entitled, "The 
Teaching of Biology in Secondary Schools of the 
Cnited States-A Report of Results from a Ques-
tionnaire," are  in  press, and arrangements have been 
completed for  mailing copies to biologists, educators 
and others throughout the United States. 

Dr. Oscar Riddle, Carnegie Institution, Cold Spring 
Harbor, and Dr. TI-alter F. Loehwing, University of 
Iowa, were appointed to serve as representatives of 
the Union of American Biological Societies upon the 
recently formed "Cooperative Committee on Science 
Teaching." This latter coninlittee also has represen- 
tatives from the American Association of Physics 
Teachers, the Anierican Chemical Society, the Blathe- 

committee plans to consider certain problenis (see 
SCIEKCE,Trol. 9.5, p. 38. 1942) relating to the teaching 
of science in secondary schools. 

The following officers were elected to serve for  the 
t'nion of American BiologicaI Societies during 19Q: 
P~esidefzt, A. J .  Carlson, University of Chicago; Sec- 
retary, F. il. B T O T V ~ ,Jr. ,  Sorthmestern University: 
Titasz~rer,D. H. JVenrieh, University of Pennsylva- 
nia;  Executive Co?izmittec, B. 31. Duggar, University 
of Wisconsin; A. P. Hitchens, Vniversity of Pennsgl- 
vania; G. RT.Hunter, 111, Tvesleyan Cniversity. 

FRANKA. BROWN,JR., 
Secretarll 

Uzrrozr OF AMEXICAK SOCIETIESBIOLOGICAL 

SPECIAL ARTICLES 

THE PROCARCINOGENIC E F F E C T  O F  


B I O T I N  I N  B U T T E R  YELLOW 

T U M O R  FORMATION1 


E A R I , ~in 1910 during the course of investigations 
mhich led to the d e i i ~ o n s t r a t i o n ~ ~ ~ ~ ~  that biotin is iden- 
tical with the anti-egg white injury factor (vitamin 
If.), and that biotin is thus functionally involved in 
aniinal nietabolisnt, experiments were initiated to 
ascertain whether or not biotin is a dietary factor 
present in  liver and yeast mhich is protective against 
primary carcinoma of the liver induced in rats by 
the adniinistration of K,N-dimethylaminoazobenzene 
(butter xellom). Protection against butter yellow by 
liver and yeast supplements had been reported by the 
Japanese wor l ie r~ ."~  

I n  two preliiiiinary experiments two very crude 

rerealeil a t  this time that the addition of 200y of ribo- 
flavin and 1S per cent. casein to the brown rice-carrot 
basal diet gasre marked protection.' The tumor inci- 
dence a t  the encl of 150 days was decreased from 96 
per cent, to 7 per cent. This effect, though marked, 
was not as  complete as that obtained by supplements 
of dried liver or yeast. Accordingly, the effect of the 

TABLE I 


DIETSEJII'LOYED 


Diet A* 

P.ro\m rice . . . . . . . . 82 p y  ce;t.
Casein (vit. free) .. 18 
Crisco ... . . . . ..... . . . 
Suoose  (C.P.) . .. . ...
Egg 11-hite (dried) . ... 
Cystine . . . . . .. . . .. . . . 
0.11. salt mixture . . . . 

Diet B Diet C* 

81.5 g y ce:t
i8  per ce;;t. IS 
10 . .l';;:: :: ....
;:: " . 0.5 . " ,' 

6' 


biotin preparations, one from liver and one from 
Supplements-Amounts per 100 grains of dietxeast, were used as  suppleinents to the butter yellom- 

brown rice-carrot basal diet which alone gare regu- 
larly a high incidence of tumors, narnely, 96 per cent. 
at 150 days. Indications of n protective effect weye 
obtained. 

Other studies on protection against butter yellom 

1Acknowledgment ii: nlade nit11 full appreciation to 
Dr. Paul G~tirgy for the crude liver concentrates used in 
these esperinleilts and to the S.M.A. Co~poration for 
supplies of biotin eoncerltrates nhich made this invcsti- 
gation possible. A grant in support of this work to one 
of us (C.P.R.) from Standard Brands, Inc. is also grate- 
firllp acknowledged. 

2 P. Ggiirgy, D. B. AIelville, D. Burlr and V. du 
T'igneaud, SCIEACE, 91: 243, 1940. 

3 V, du TTigneaud, D. B. Melville, P .  GyBrgp an4 C. S. 
Rose, Sc IENCE, 92: 62, 1940. 

6 P. GiGrgy, C. S. Rose. I<.Hofmann, D. E. ASelville 
and V, du Vigneaud, S~IEKCE, 92: 609, 1940. 


5 W. Nakahara, K. Mori and T. F u j i ~ ~ a r a , 
Gnnv,  (n'i 
32: 465, 1938; ( b )  33 : 13, 1938; (o)  33: 306, 1939 ; ( d )  
33 : 57, 1939. 

6 T. Ando, Gnnn, 32 : 352, 1938. 

Pyridosine . . .. . . .. 0.5 :: ..
Sicotinic acid . . . .. ; :: 2 ..
111ositoI . . . . . .. .. . . .. 100 " . .
Pnntothenic acid . .. 2.5 " 1 . .
Tit. ;\ (concentrate) . .. 4000 units .. 
Vit.  (Me Xa~htlio- 

quinone) . . . . . . .  0.5 " O.11ng . . 

Tit. E (dl, a-toconlie-

Irradintad ergoqterol .. . 400 nnits . .

Ergosterol . . . . .. . . 100 " ... . . 
N,Sdimethylamino-

azobenzene ... . . . G O  " 100 mg 60 " 

* IYhen diets B and C werr 11scr11 g.,am of carrot rns  pivm 
per rat ger day as used by R. Rinosita, Trans. Jawa?~.Path. 
Soc., 27: G G 5  1037. 

'i 0.5 nig adhed in Diet B instead of 2 lrlg fro111 1st througlr 
45th day. 

7 C.J. Rensler, R.Sugiura, N. I?. IToung,C. R. Halter 
and C. P. Rhoads, SCIEYCE, 93 : 309,1941. On the basis of 
independent investigations, P. Gyijrgy, C. E. Poling and 
%I.Goldblatt (Proc. Soc. Exp. Biol, and Ned . ,  47: 41. 
19-11), have also obtained a protective effect of casein in 
the presence of riboflavin. 



addition of other members of the B complex vitamins 
plus ergosterol and vitamin K, as given in Diet A, 
Table I, was next studied. Results shown in Table I1 
indicate that these adclitional vitamins did not improve 
significantly the protection afforded l ~ y  the riboflavin- 
casein suppleinent to the brown rice diet. I n  the hope 
of obtaining still illore complete protection, several 
groups of aniinals were fed in  addition to Diet A, 0.3 
and 1 . 0 ~of biotin respectively in  the form of two 
concentrates, one 0.1 per cent. pure and the other 
(biotin ester) 25 per cent. pure. These animals ap-  
peared, however, to be less protected. Tuinors were 
found in onIy 1of the 9 aniinals on Diet A, whereas 
tumors were found in 13 out of 34 rats  which had been 
given the biotin supplements in  addition to Diet A. 

TABLE If 

EFFECT O F  BIOTINOX PRODUCTIONHEPATICTUMORSTHE O F  
BY N,N-DI~IETHYLA~~INOAZOBCNZENE 

3 out of 5 rats  which had received the crystalline 
biotin. 

TJThile this experinlent mas in  progress another ex- 
periment was made with the brown rice-carrot diet as  
the basal ration. Riboflavin, casein, cystine and 
choline were added (Diet C, Table I). No liver tumors 
were present a t  150 to 210 daysa  On the other hand, 
6 animals out of 11, which in addition to Diet C had 
been given 2y of crystalline biotin daily throughout 
this experiinental period, showed well-developed neo-
plasms when sacrificecl. 

Thus in 3 sets of experiments in  which r a t s  mere 
maintained on diets affording a high degree of pro- 
tection, crystalline biotin and two biotin concentrates 
were found to "break through" the p r ~ t e c t i o n . ~  Afore-
over, this effect mas obtained on two raclically di-ft'erent 
diets; in one experiment no rice was used and in two 
a rice diet was employed. A combination of the data 
of these 3 experiments shows that only 1ra t  out of 
the 28 control animals developed a liver tumor. How-
ever, mhen biotin (0.3 to 4 . 0 ~ )was added to these 3 

I A . . .  
A 0.1 per c$nt. cpnc. 
A 25 '' 

A 25 


I11 C . . . ...... 
C crystalline 

.. 1:0-2;0 

' I  '6 

9 
8 
9 
9 

1 
3 
3 
3 

i.0 
120-2:0 14 

11 
0 
G 

S u a r x a ~ ~o s  RESULTS 
Exp. I, 11, I11 Controls . . . . . .  28 1 

Crude and crystal- 
line biotin 0.34.0 y 50 22 

Exp. 11. I11 Controls ...... 19 0 
Crystalline biotin 2.0-4.0-/ 16 9 

* 4.0 y crystalline biotin mere fed from the 45th to the 
115th day. 

I n  view of this unexpected result, a further study 
mas made of the effect of biotin aclded to highly pro- 
tective diets. Crystalline biotin was used. Since only 
a limited amount of this material was available, the 
study was restricted to a sinall number of animals. 9 
supposedly highly protective diet containing casein 
supplemented with cystine and choline was einployed 
and sufficient egg white was added to produce a bor-
derline biotin deficiency. I t  is to be noted that this 
diet did not contain the brown rice. The other con- 
stituents of the diet are shown in detail under Diet B, 
Table I. One group of animals was fed this diet 
alone and another group received in addition 2.0y of 
crvstalline biotin daily except from the 45th to the 
115th day where 4 . 0 ~were given daily. As is shown 
in the table, no tumors were found in the low biotin 
group at  6 months, 71-hereas hepatomas were found in 

diets, 22 rats out of a total of 50 developed liver 
tumors. A combination of the data of the 2 experi-
nlents in  which crystalline biotin mas used shows that, 
whereas there were no tumors in  the controls (19 rats) ,  
9 out of 16 rats fed the biotin had tumors. The 
preliminary experiments in which some protection was 
provided by the crude biotin preparations suggest the 
possibility that these crude preparations may also con- 
tain a factor which affords a small amount of protec- 
tion which becoines apparent when a largely non-pro- 
tective diet is used. 

TTe feel that the results presented here justify the 
conclusion that biotin can exert a procarcinogenic 
effect when butter yellow is fed to rats receiving a 
highly protective diet. Whether biotin can break 
down the protection against butter yellow afforded by 
a yeast or liver supplement; whether the procarcino- 
genic action we have observed under our experiinental 
conditions is a unique property of biotin; whether 
the effect can be extended to other carcinogenic agents 
and other species; and whether the reversed effect can 
be produced by a biotin deficiency (egg-white, avidin 
or other means), must all await further experin~enta- 
tion. The present data throw no light on these ques- 

8 A detailed report of our experiments investigating the 
protection afforded by riboflavin, casein, methionine, 
cg'stine and choline will appear at  a later date. 

9 We have learned through private comnlunication that 
Gyiirgy, Landy and Goldblatt have obtained with the 
biotin concentrate from liver (0.1 per cent. pure) a. ,similar procarcinogenic biotin effect t t - i l , ~ :  ;I - 1 2III C I . : I ! I ~ ~ \ .  
protective diet. They found in an ~ . . , I ~ . ! I I ~ I ~ , ! I I~ I I \ . ~ ~ I ! ; ! ! -

50 test and control rats that mhen U.b tu 3.5 y u f  L iu t i~ l  
were administered daily to rats on a diet consisting of 
cooked poIished rice and carrot supplemented daily with 
20 y of riboflavin, B,, and Be, tumor incidence a a s  in- 
creased at 150 days from 33 to 58 per cent. 
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tions. TVe forero any discnssion of the possible wrvation to a satisfactory conclusion; three were 
significance of the finding reported herein until wliite men, one a Neqro woinan. During tlie third and 
further experimental data on these and related aspects fourth weehs all four developed a fine scaly desquanla- 
are  forthcoining. tion without pruritus. This disappeared spontane- 

VINCENTDU VIGNE~~UDously in seven to ten clays. Thereafter nothing of 
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PRELIMINARY OBSERVATIONS ON "EGG 

W H I T E  INJURY" IN  MAN AND ITS  CURE 


W I T H  A BIOTIN CONCENTRATEl.2 


ITseemed important to deterinine whether any of 
the inanifestations of spontaneous avitaminosis in 
human beings might be related to biotin deficiency. To 
this end a small group of volunteers ate a diet planned 
lo contain a rninilnal ainount of biotin; to  this was 
added desiccated egg white in  arnounts sufficient to 
furnish approxiniately 30 per cent. of the total caloric 
intake. The dict was composed of 125 grn of polished 
rice, 80 gm of patent white flour, 75 gm of farina, 
205 gm of cane sugar, 32 gm of lard, 10 gin of butter 
washed five tirrrcs in hot water and 25 grn of lean beef. 
To thii: was added 200 gin of dehydrated but otherwise 
unmodified egg white. The basal colllponents con-
tained approsimately 387 gni of carbohydrate, 31 gill 
of protein and 32 gin of f a t  with :t caloric value of 
1,960 ; the egg white contained 160 gin of protein and 
32 gm of f a t  with a, value of 925 calories. Such a dict 
1s extreinely poor in  vitamins except riboflavin wliich 
is prcsent in egg wliite in  arnounts approxiiliating 10 
mg per 100 grn. The daily vitamin supplement was: 

Tliia~iliil chloride ....... .... .... .. .. ... . . 6 mg 

Ascorbic acid 

I n  addition, 1gin of ferrous sulfate and I gin of cal- 
cium lactate were given daily. 

I t  was possible to contillue four subjects under ob- 

the University of Georgia School of Medicine 
and the University IIospital, Augusta, Ga., and the Divi- 
sion of Chemotl~erapy, National Institute of Health. 
Bethesda, Md. 

2 This investigation was made possible by grants-in-aid 
by the John and Mary R. hfarltle Foundation and an 
anonginous donor and by donations of vitarrlins by many 
manufacturers. We gratefillly arknowleclyc the constant 
hell] and valuable suggebtions of Dr. R. E. Butler and the 
tcchnical assistancae of Mrs. Marjorie Reo. 

significance was noted until the seventh week when 
one man developed a rnaculosquainous clerinatitis of 
the neck, hands, arms and legs. During the seventh 
and eighth weeks all showed a pronounced grayish 
pallor of the skin and mucous membranes which was 
out of all proportion to the blood picture. During 
this saine period tlie white patients showed atrophy of 
the linqual papillae, i t  was notable that the tongues 
reinained pale with none of the cap i l l a~y  engorgement 
seen in pellagra or ariboflavinosis. During the ninth 
and tenth weelrs all subjects showed increasing dryness 
of tlie skrn with marked reticulation and a return of 
fine branny desquamation. No ocular or genital 
lesions mere observed. 

After  the fifth week symptotns were pronrincnt; 
these mere striltingly like those noted in experimental 
thiamin deficiency. Mild dcprcssion progressed to 
extrcnle lassitrtde, somnolence and in two instances 3 

rrlild panic state. Muscle pains, liyperesthesia without 
demonstrable neurologic changes and localized pares- 
tlresias were coinplained of by all. After the tentlr 
week anorexia occurred with occasional nausea. Two 
patients colrlplaincd of precordial distress and slio~ved 
definite electrocardiographic changes. 

Exaininatrons of the blood a t  frequent interval^ 
sliowed a definite diminution in henloglobin content, 
the number oL' erytllrocytcb and the volume of packed 
red cells, tlierc was slight increase in  bile piginents 
and ilriking rise in the seruln cliolcslero1. Determin:~-
tionh of biotin excretion in the urine showed that after 
seven to eight weeks of the experinlental regimen the 
subjects excreted frorn 3.5 to 7.3 inicrogrtnns of 
biotin in  24 hours its compared with 29 to 63 inicro-
grams excreted by indi~iduals  talring a nonnal diet." 

Trcatrnent wit11 a n  injectable biotin concentrate4 
has becn completed in tliree of the four volunteers. 
The daily dose, adininistercd i n  three aliquots, has 
varied froin 75 to 300 micrograms; 130 micrograms 
seeincd the miniinal ainount required for  proinpt rc- 
lief. Depression, ~nuscle pains, precorclial distress 
and :~norexia were abolislred on the third to fifth days 
of trcatnlent. Actix c distaste fo r  the diet was replaced 
by willingness, even eagerness to cnt it, although there 
was no significant increase in  the anlount consumed. 
The striking ashy pallor of skin and mucous inern 
13mnes disappeared in four  clays. The elrvatecl level 
of scruili cholesterol was significantly reduced af ter  

3 Giotin determinations made hg Dr. H. Isbell, of the 
National Institute of Health. 

4 Biotin concentrate snppliect by the 8.M.A. Cn+poratioit,
Chagrin Falls, Oldo. 

1 


