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T E C H N I C A L  P A P E R S  
Inhibition of Estrogen-induced Growth in by adenine, i.e., 6-aminopurine. Table 1presents a rep-

" resentative experimental series.
the Genital Tract of the Female Chick by ~t is particularly noteworthy tha t  as  much a s  5 mg of-
a Purine Antagonist; Reversal by Adenine f o l k  acid does not reverse the inhibition produced bp 

10 mg of 2,6-diaminopurine (5). 

Roy Hertz and Wm. W. Tullner I n  view of our earlier observations concerning the 
critical role of folic acid in the tissue growth response

Endocrinology Section, National Cancer Institute, to estrogens (2-4),  the present da ta  support the viex~ 
Bethesda tha t  folic acid may be concerned with purine and pyrimi-

We have previously reported: (a)  that  folic acid is  
required fo r  optimal tissue growth response to  estro-
gen in the genital tract  of the female chick and monkey; 
(b) that  several folic acid antagonists quantitatively in-
hibit estrogen-induced growth in  the genital tract  of the 
female chick and r a t ;  and (c) tha t  such inhibition is  
reversed by the addition of high doses of folic acid 

(2, 3, 4 ) .  
The observation of Stokes (9) that  thymine can replace 

folic acid as  a growth requirement for  certain lacto-
bacilli initially suggested that  folic acid is involved in 

TABLE I 

Stil- diiiinoAdenine Number Oviduct 
Group bestrol purine sulfate of weight 

(mg) chicks. (mg)(mg) 

I . . . .  - . . 10 8 ? 3  
[I . . . .  + .. . . 10 50 2 5 

111. . . .  t 15 10 14 rt 5 
CV . . . .  + 10 . . LO 22 2 3 
V . . . .  + 10 4 10 3025  

V I  . . . .  + 10 8 10 37 + 6 
VII . . . .  + 10 50 8 42 4 

Day-old N. H. red chicks were used; they were given no 
food but water ad libitum; Stilbestrol given a t  1 mg daily 
subcutaneously in 0.2 cc corn oil for 2 days. Other com-
pounds injected a t  indicated daily dose for 3 days in 1.0 cc 
aqueous solution or suspension, except for group VII which 
received adenine by capsule ; all chicks were autopsied 24 hr 
after the last injection. 

purine and pyrimidine metabolism. Accordingly, Hitch-
ings, et al. have prepared a number of purine and pyrim-
idine derivatives which exhibit antifolic acid activity 
when tested on bacteria. This inhibitory effect is  re-
versible by adenine, i.e., 6-aminopnrine, and related com-
pounds (6, 7). 

We wish to  report tha t  one of the purine analogues, 
2,6-diaminopurine,] exerts a marked inhibitory effect 
upon the estrogen response in  the genital tract  of the 
female chick and tha t  this inhibition i s  largely reversible 

We are very much indebted to Dr. G. IT. Hitchings, Well-
come Research Laboratories, for making this and related 
compounds available to us ; without his generous cooperation 
these investigation8 would have h ~ e nimpossible. 

dine metabolism ( ,9)  
I n  any event, it is  apparent tha t  folic acid and adenine, 

and their respective inhibitory analogues, can quanti-
tatively determine the degree of response obtained in a 
tissue which is  under maximal hormonal stimulus for 
growth. These observations should provide a useful ex-
perimental tool for  the further study of the basic metab-
olic mechanisms involved in growth processes in hor-
mone-sensitive tissues. 

Moreover, these phenomena may provide a basis for 
the development of chemical agents of therapeutic value 
in such clinical states as  prostatic and breast cancer, i n  
which a suppression of the biological effectiveness of 
endnp~nrnl-ntrroirl hormones has proven beneficial ( 1 ,  8). 
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A Capillary-Ascent Test Tube Method for 
Separating Amino Acids by Filter Paper 

Louis B. Rockland and Max S. Dunn 

Department of  Chemistry, University of California, 
Los Angeles 

Williams and Kirby's (3) capillary-ascent modification 
of the method of Consden et  al. (1) for  separating amino 
acids by filter paper chromatography has been adapted to 
the separation of less than microgram quantities of amino 
acids i n  6-in. test tubes. It has been shown that  amino 

lPaper 54. For Paper 53, see Dunn et at. ( 2 ) .  This 
work has been aided by a grant from the National Institutes 
of Health (KT. S. Puhlic Health Service). 
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;rvltlu nlay be separated convel~icntlg, r:ipidly, and eco-
nomically by the described procedure. 

Strips2 (13.5 x 1.80 x 1.00 cm) were cut with a paper 

euttcr from CVllatm:rn's No. 1 filter paper (14 x 19 cm) 
with the aid of a line-guidc shcets placed ovcr and staplcd 
to the narrow end of the filter papcr. It was found con- 
vcnient to prepare replicate strips by cutting a paclrage 
of six shcets of filter paper cncloscd bctwcen two sheets 
of wllitc wrapping papcr. Each paclrct of six strips was 
picrccd in  thc center and about 4 mm from thc broad 
cnd to facilitate suspending tllc strips during the sub- 
sequent drying proccss. Approxirnatcly 500 strips wcrc 
obtaincd from six sheets (45.7 x 56.3 cm) of filter paper. 

1'11e amino acid solution4 is  drawn into a capillary 
pipcta and the t ip  of tbc pipct is  applicd quickly and 
lightly to  the strip a t  the ccnter and about 6 mm froin 
its narrow end. The wet arca, which s l l o~~ ld  be in not 
cxccss of 1.5 mm in diametcr, is  circled and allowed to  
dry (5 min). Approximatcly 0.4 ml of water-saturated 
phenol6 is  pipcttcd into tllc I~ottom of a 6-in. tcs j  fube 

1 The filter paper should not be touched with the hands. 
to avoid amino acid contamination. 

? Line-quide sheets may be drawn by hand with thr aid 
of n metal template or. more conveniently, they Irlay bc 
printed by means of a stencil which is cut in such a mt!nncnr 
that adjacent strips are inverted. 

4 0 03 d l  solutions have given satisfactory chromatogram\ 
of the amino acids investigated. 

Prepared by drawinlr 5-mm pyrex c:rpillary tubing to 
about 2 mm and grin(1ing the tip to about 0 5 mm with 
400-600 mesh carborn~~dum. About 0.0002 ml of solut~on 
is delivered by the described technique. Volumes of solu-
tion snlaller than 0 0002 ml are delivered by the Gilmont 
Ultm-Microburet (The Wnlil Greiner Company, 161  6th Ave.. 
Ncw Yorlr City). 

61'hrnol which ~ i v e s  a red-colored solution is preferred 
since it marks the solvent boundary more clearly than 
chemic:tlly pure material. Pink fronts may be eliminated 
t~rtreatment with coal gas, ammonia. HCN, or cupron (1). 

and the narrow end of the amino acid treated strip is 
ir~serted into the phenol solutiol~ in  a position (shown in 
Fig. La.), such that  the strip does not touch the walls of 
t h r  tribe except a t  the upper end. The tube i s  stoppered 
with a good quality, rolled No. 9 cork. The tube is  al- 
lowed to  stand for 2 to 3 hr until the solvent ascends to 
:r position about 5 mm below the perforation in the strip. 
The strip is  removed, suspended on a bent paper clip and 
dried a t  110" fo r  about 3 min. The dried strip is 
sprayed lightly with a 0.25% solrition of ninhydrin in 
water-saturated butanol, : ~ n d  dried a t  170" for  at)ont 
4 min. 

The colored spots observed with trausrnitted light are 
virclcd and tllc centcr rnarktd. Thc distances from the 
cacnter of tllc original wct area A and tllc final spots B 
and from the former and thc solvcnt boundary C are 
measured. The R, values arc ,calculated as  thc ratios, 
A R / A C .  Traciuqs of typical cllromatograms are shown 
in b and c of Fig. 1. Thc R, values for  17 amino acids 
(shown in Tablc 1) compare favorably with those ob- 
tained by larger scalc, one-dimensional paper chroma-
togr:~phy. 

TABLE I 

\Yilli:lms
Amino (lonsden 
acid Pt  al,(,,* and Iiirhy Authorst 

(31. i  

Ahnine . . . . . . . .. . 0.59 0.58 0.62 
Argirline . . . . . . . . .  0.62 0.54 0.5:it 
Aspartic acid . . . .. 0.17 0.22 0.25 
Cilutamic :rcill . . . 0.28 0.23 0.39 
Glscine . . . . . . . . . . 0.42 O.:% 0.4M 
IIistidine . . . . . . . .  0.69 0.62 0.811 
Tsoleucine .. . . . . . . 0.8(i 0.83 0.85 
1,eucinc. . . . .. . . .. . 0.88 0.80 0.86 
I~ysine . . . . . . . . . .  0.48 0.41 0.411 
Methionine . . . . . . .  0.81 0.74 0.74 
Pl~enylalani~ie . . . 0.93 0.83 0.87 
I'toline . . . .  . . . .  0.86 0.88 0.8i 
Serine . . . . . . . . . .  0.26 0 . m  0.33 
Threoninr . . . . . . . 11 50 0.43 0.57 
Tryptophnr~ . . . . . .  0.86 0.71 0.81 
Tyrosine . . . . . . . . . 0.62 0.55 0.53 
T-i~linr ... . . . . . . . . 0.77 0.72 0.82 

-. 
* Descending boundary method. 
t Ascendin:: boundnriy method. Time and distances : 28 

hr and 380 mm ( 9 )  ; 3 hr and 125 mm at about 25" (all-
thors). 

:i' Used as monohydrochloride histidine. monohgdroclilnrirlr 
r1:onohydrate. 

Alrapid, convenient, capillary-ascent tcst tube method 
h:~s been dcseribed for  thc scparation of less than micro- 
g:r:rm quantities of amino acids by pnpcr cllromatography. 
R, values, comparable to  literature data, have been de-
termincd for  17  arnino acids. Numerous samplcs may he 
rlctermiried sin~it l taneo~~slyby thc authors' method. 
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