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ganizations have requested that they be affiliated with 
the association. 

Officers elected were : 

President: Dr. George H. Boyd, University of Georgia. 
President-elect: Dr. Milton H. Fies, DeBardelebeii Coal 

Corporation. 
Vice-president: Dr. J. Sam Guy, Emory University. 
Treasurer: Dr. L. B. Roberts, Arkansas A, and M. Col-

lege, Lfonticello. 
Secretary: Dr. George D. Palmer, University of Ala-

bama. 

Tiembers of the executive committee : 

E, hforrell, Maryland; Dr. Austin Clark, District of 
Columbia; illajor W. Catesby Jones, Virginia; Dean C. 
F. Korstian, N. C.; Dr. James E. Copenhaver. S. C.; Dean 
Robert C. Wilson, Ga.; J. H. Allen, Florida; Dr. James T. 
Mackenzie, Alabama; Dr. W. F. Hand, Miss.; Dr. H. A. 
Webb, Tenn.; Dr. 3f. Scherago, Kentucky; Dr. Richard J. 
Anderson, Arkansas; Dr. E. F. Pollard, La., and Dr. 
Edward 0.Heuse, Texas. 

GEORGED. PALMER, 
Secretary 

SPECIAL ARTICLES 

STEROID HORMONE EXCRETION BY 


NORMAL AND PATHOLOGICAL 

INDIVIDUALS 


A STUDY is in progress of the abnormalities of the 
intermediary metabolism of the steroid hormones 
which are  associated with disease. As a part  of this 
program a systen~atic investigation has been initiated 
involving the examination of individual urine collec- 
tions in amounts adequate f o r  extensive fraction-
ation and chemical characterization of the constituent 
steroids. This note presents the findings to date from 
the processing of 2- to 6-month collections of urine 
from six normal persons, six patients with cancer and 
four  patients with clinical evidence of hyperplasia of 
the adrenal gland. 

Milligrams Ketostenoid Excreted per Day 
Normcls Cancer ptients 	 Ccncee of Adrenc! 

cdcenals Pype~plosia
(r,e*sr: 

After hydrolysis of the urine with sulfuric acid 
and extraction with ether, the extracts were parti-
tioned into acidic, phenolic and neutral fractions. 
The neutral material next was separated with Girard's 
reagent ( T )  into ketonic and non-ketonic fractions. 
Each of these then was processed with digitonin into 
the 3-alpha- and 3-beta-ketosteroid fractions. 

The 24-hour excretion rate of the total ketosteroids 
by the indixriduals studied, as estimated by the Callow 
modification1 of the colorimetric method of Zimmer- 

1N. H. Callow, R. K. Callow and C. W. Emmons, Bio-
chem. Jour., 32: 1312, 1938. 

mann,2 are summarized in Fig. I. Included for  com- 
parison are the results of a previous study (Fieser4). 
The cancer patients excreted, in general, snlaller 
ainounts than did the normal individuals and the 
patients with adrenal hyperplasia. 

The average contents of digitonin-precipitated ma-
terial (or 3-beta-hydroxy steroids) in  the total keto- 
steroid fraction were: normals. 0.6-2.2 per cent.; 
cancer patients, 0.3-6.0 per cent.; patients with ad- 
renal hyperplasia, 3.7-11.4 per cent. (Fig. 2 ) .  

Pep Cent Beta Ketoe:erold 
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The material not precipitated by digitonin (3-alpha- 
hydroxy-ketosteroids and 17-ketosteroids) was ad-
sorbed from ligroin solution onto activated alumina 
(Brockmann) and separated by systematic fractional 
elution into the following fractions (Fig. 3 )  : 

Fractiow I (elntion with mixtures of petroleum 
ethey and benzene). The presence in this fraction of 
A3. 5-and~~s tad ien~ne-173 ,  demonstrated i n  the was 
material from four of six norinals and from all the 
patients with adrenal hyperplasia. This was done 
by the isolation of the semicarbazone and oxirne and 

2 W. Zimmermann, Z. physiol. Chew&., 233 : 1935; 245 : 
47, 1936. 

3 H. Burrows, J. W. Cook, E. &I.F. Roe and P. L. 
Warren, Biochem. Jour., 31: 950, 1937. 

4 J, K. Wolfe, L. F. Fieser and H. B. Friedgood, Jour. 
Am. Chem. Soc., 63: 582, 1941. 

5 H. Hirschmann, Jour. Biol. Chem., 136: 483, 1940. 
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by spectroscopic characterization. 9 0  chenlical or 
spectroscopic evidence was found to suggest the pres- 
ence of the dienone in mine  collections from the two 
other normal individuals or from the patients with 
cancer. Andro~tenone-17~, was isolated from two 
normal urines and three hyperplasia urines (m.p. 
11+114.5° C., [ a ] ; i-145' C.). I t  was identified by 
analysis and through the oxime. Androstenone-17 
was not found in the urine of any cancer patient 
studied. The unidentified material of Fraction I had 
no characteristic ultrabiolet absorption spectrum and 
gave no alcohol-insoluble semicarbazone. 

The origin of the A33 5-androstadienone-li found in 
hydrolyzed urines is being investigated, and prelimi- 
nary results based merely upon the identification of 
the dienone in suitably processed fractions bg its 
characteristic absorption spectrum indicate that the 
substance can be detected in extracts of certain un- 
hydrolyzed urines. I t  also appears, f rom the spectro- 
scopic evidence, that acid hydrolysis of a urine pre- 
viously devoid of any detectable amount of A" 5-
androstadienone-1T but to which dehydroisoandro-
sterone has been added, results in  the production of 
a certain amount of the dienone. 

Fraction I I  (elution with benzene and benzene- 
ether).  Androsterone appears to be the chief con-
stituent of this fraction. I t  was isolated from all 
collections except those from three patients with 
cancer (1n.p. 177-178' C.) . The androsterone was 
identified bg. analysis and by mixed melting point 
determinations of the hydroxyketone and its acetate 
with anthentic samples. I n  Fraction I1 of .the urine 
collections from the patients with evidence of ad-
renal hyperplasia certain apparently holnogeneous 
substances were present which were not previously 
found in urine. One of these melts a t  149-150° C., 

6 W. Pearlman, Endoc~inologg, 30: 275, 1942. 

and another, isolated in a~ilounts too small fo r  analy- 
sis, melts a t  134-133' C. 

Fractiolz I I I  (elution with ether and with ether 
containing 10 per cent. acetone). The chief con-
.titt~t.l~twit. i,lts~itified as 3-alpha-hydroxyaetiocliola-
IIIIIIC-17 isolated in every instance (1n.p. 143- i11t,1 \t.;t-

144' C., remelting a t  150° C., no depression in melt- 
ing point on mixing the substance or its acetate with 
authentic samples). 

Fraction IV (elution with ether-acetone, acetone 
and methanol). This fraction afforded a variety of 
substances. From two collections of normal urine 
and one of urine froin a patient with evidence of 
adrenal hyperplasia there was isolated a substance, 
m.p. 199-200° C., which appears from the analysis 
to have the fornlula C,,H,,O, (Found:  C, 74.30; 
H. 10.21). A second substance, m.p. 185-186' C., was 
isolated in  traces from the urine of one patient with 
evidence of adrenal hyperplasia; i t  depresses the melt- 
ing point of the 3-alpha-hydroxyandrostenone-17 iso-
lated by Wolfe, Fieser and Friedgood4 from the urine 
of a patient n-ith adrenal tumor. A third substance, 
1n.p. 232-234' C., was found i n  the urine of one can- 
cer patient and, in  larger amounts, in  the material 
from three of the patients with adrenal hyperplasia. 
A fourth substance, n1.p. 172-176' C., was isolated 
from the urine of a patient with evidence of adrenal 
hyperplasia, and other, so f a r  impure, crystallizates 
have been encountered in this fraction. 

Colorimetric assays were made of the total keto- 
steroid content of the four  fractions of ketonic mate- 
rial not precipitated by digitonin. I n  the series of 
six normal urine collections, Fractions I and I V  each 
con~tit~uted5-15 per cent, of the total, and Fraction 
I1 (androsterone) and Fraction I11 (3-alpha-hy-
droxyaetiocholanone) together made u p  70-90 per  
cent. of the total and were found present in  the ratio 
4 :5 .  This finding is in  confirmation of the observa- 
tions of Callow and Callow.7~ V n  the urine collec- 
tions fro111 patients with cancer the distribution of 
niaterial mas not as constant as in  those from normal 
individuals and ratios between Fractions I1 and I11 
a-ere irregular. I n  three instances no androsterone 
was found in the Fraction I1 and, furthermore, Frac- 
tions I and I V  were, with one exception, larger than 
normal. I n  the urines from adrenal h ~ p e r p l a s i a  pa- 
tients, Fraction I usually contained 10-20 per cent. of 
the total ketosteroids, as was found in the material 
froni normals, while Fraction I V  contained distinctly 
more material than normal. On the whole, in  the 
urine collections of the patients, both with cancer and 
adrenal hyperplasia, the ratio of the fractions varied 

7 N. H. Callow, Biochem. JOW.,33: 559, 1939. 
8 N. H. Callow and R. K. Callow, Biochem. Jour., 33: 

931, 1939. 
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considerabl?~ froni one individual to another and, as 
noted above, individual urine collections contained ap-  
parently specific and novel ketosteroids in  Fractions 
I1 and IP. W e  are now endeavoring to accumulate -
quantities of these substances sufficient fo r  chemical 
characterization. 

I<. DOBRIKER 
E. GORDON 
C. P. RHOADS 

RIEXORIAL 	 HOSPITAL, 

K~~~PORI~
CITY 

S. LIEBERXAN 
LOUISF. FIESER 

C O N T R O L  O F  F L O W E R I N G  W I T H  

P H Y T O H O R M O N E S l  


ATTEMPTSto influence flowering in -4nnttas con~osus 
(L.) Merr. have involred experiments with certain 
synthetic phytohormones, including u-naphthalene-
acetic acid, naphthaleneacetainide, naphthalenethio-
acetamide and a commercial product known as Frzti-
tone. It has now been established that flowering can 
be induced in advance of the normal period or dela~ecl 
until much later by the use of appropriate concentra- 
tions of these chemicals. 

Typical data are  giren in  Tables 1 and 2 .  Low 
concentrations of u-naphthaleneacetic acid (the com- 
pound used most extensirely) applied as foliage 
sprays induced for~nat ion of inflorescences in advance 
of the norrnal period, hut high concentrations, par- 
ticularlv when applied in  solution a t  the apes, de- 
layed flowering f a r  beyond that of the controls. The 
fact that natural flowering of a uniform fall planting 
of slips occurs a t  a fairly definite season made it  pos- 
sible to schedule applications of the substances a t  
desired interrals prior to normal differentiation of 
the inflorescence. 

Flowering in A~za.izasinvolves a transition from the 
differentiation of vegetative structures to the forina- 
tion of an inflorescence a t  the apical meristem. Steps 
in  the process follow in succession, as already de- 
s c r i l ~ e d . ~The diameter of the ineristern first widens. 
then flower bud primordia instead of leaf pri~iiordia 
are lxoduced, and the peduncle elongates. The meri- 
stem gradually n a r r o ~ ~ s  again during the production 
of floral priinordia and finally resumes differentiation 
of leaf primordia which give rise to the crolvn or top 
terminating the main axis of the plant. 

An interval of about 2 inonths elapses fro111 the 
time that the ineristem first widens until the young 

1 Published with the approval of the Acting Director as 
Techilical Paper No. 139 of the Piileapple Research Insti- 
tute of Hawaii, vniversity o f  Hawaii. 

2 K. R. Kerns, J. L. Colliils and H. Rim, Neu: Pliytol., 
3 5 :  305-17, 1936. 

inflorescence becomes externally visible in  the center 
of the plant. From this fact it  appears that the early 
stages in differentiation of the inflorescence must have 
follomed shortly after the first application of the ion*-
est concentration of naphthaleneacetic acid (Table 1). 
Conversely, differentiation of floral parts was greatly 
retarded by the highest concentrations (Table '21, 

TABLE 1 

E ~ R L Y  IKDUCED DILUTESOLUTIONSO F 
FLOIVERIKG BY 


a NAPHTHALEKEACETIC O N 
ACID SPRAYED LEAIES
FOUR~ I O K T H S  TO DIFFCREN-PRIOR NORMAL 

TIATIOK OF IKFLORESCEKCE 

Plants which had 
formed flowerbuds atWeeltlyCallcentration applica- Plallts stated periods after 

of solution 	 first alq~lication 
Per cent. tions No. -

No. 2 montlis 3 monthr
No. No 

Controls . . . . - 20 0 0 
,001 . . . . . . 6 20 YO 20 
,006 . . . . . . 1 20 18 YO 
,006 . . .. . . 3 20 9 ID 

TABLE 2 

P l a ~ ~ t sq-hich had forl~led
Concentm- Bin-eelrly flower buds at stated periods 
tion of solu- applica- .. Plallts after first a~plicatoll 

tion tions No. --
Per cent. No. 4 months 6 months 8 ~nonths 

No. No. No 

although new leaves rvere formed after the applica- 
tions which resulted in the longest delay in  flowering. 
TTYhen early flowering was induced by the Ion. concen- 
trations of these cheniicals there 7%-as no external evi- 
dence of abnormal development of tissues. When 
flowering was delayed for  a long period of time, 
however, considerable distortion and constriction was 
observed in the portion of the stem and in the leaves 
at  the level of the apical iiieriste~n at  the time of appli- 
cation of the ph~tohormones. 

Since the differentiation of the inflorescence itself 
was initiated (Table 1)in our experiments, the results 
differ from earlier uses of the same or similar phy- 
tohormones in  the production of parthenocarpic 
fruits,3a4 the hastening of flovering by seed treat-
ments x~hich accelerated gro\vthL6 or premature 
flowering of tobacco which xTas said to be due to 

3 F. G. Gustafson, P ~ o c .Nat. Acad.  Scz., 2 2 :  628-36, 
1926-. 

4 F. E. Gardaer and 1'. C, hlarth, SCIESCE,86: 246-7, 
1937. 

5 K. V. Thilna~lli and R,. H. Lane, Anr. Jour. Bot., 25 : 
535-43, 1938. 

6 H. L. Stier and 11. G. duBny. Pinc. A?II.Soc. Hort. 
Sci., 36: 723-31, 1939. 


