
mouth. To make a crude estimate of these factors we placed a 
standard mouse with a muzzle on in the cage with estrone-treated 
animals. mouse in a paraffin sack, with only its head exposed, 
was also placed in a cage with ectrone-treated animals. Two other 
muzzled and sacked animals \yere placed in the hottoms of cages of 
estrone-treated animals. The cages have false bottoms. Except for 
the period of exposure each staiitlard mouse was caged separately. 
-4.111 four of these mice went into persiEtent estrus. indicating that all 
four probable routes are effective. 

The volume antl precision of ~ v o r k  on the ses hormones, antl 011 

carcinogenic substances iviU increase and. in  some instances. overlap. 
The transmission of estrogenic sulistances f roni animal to animal 
has not k e n  previously reported. This observation is recorded in 
the hope that it ivill prevent such coniusioii as occurred concerning 
vitamin €3, due to the transmission of the vitamin from animal to  
animal by excreta. The significance of the transmission of estro- 
genic sulistances from animal to animal is : one, that where animals 
are being treated Ivith large amounts of estrogenic substances they 
should he kept segregated irom any other animals under observa- 
tion for estrus : and. tnm. where precision in dosag-e is required. 
animals should be kept in iiitlivitlual cage5 ivith false lmttoms. 
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Method of Preparing Mice for Quantitative Determination of 
Urinary Estrogen.* 

-AJ,J,.Is PAI.MEI<. (Introduced hy C. D. L a k e . )  
Froin thr  Department  of Obstrtrics O i r d  G~yiiccolng~y, TiniTersity of Cnliforitirc 

Mcr7icnl .~chnol .  

- _  1 lie methods of biological assay f u r  urinary estrogen in uEe at 
the present time are dependent upon the liroduction of estrus in a 
castrated mouse or rat. \-arioiis modifications of the original 
.Allen-Doisy test have been used, such variations k i n g  single o r  
multiple injections of either aqueous, glycerol, or oily estracts into 
castrated or immature normal mice or rats. JIethods utilizing 
male animals and fish have not as  yet proved of any great value for 
quantitative purposes. 

Chemical methods for the tlctermination of urinary estrogen have 
' Snpported in part br the Christine Breon Fund for Medirnl Resenrrh. 



been proposed I)? Kolxr.' C'ohell antl J[an-ian.' Ua\-itI: i 'artlantl 
et d.,* Schniulovitz and \\-yIie,'. " ant1 Piiiciis ct nl.' Cheinical tests 
based on color changes in the test tube ant1 coinparison \\-it11 stand- 
ards are preferalde to Iiiological tests. The disadvantage ni chemi- 
cal tests is chiefly their iii:ipl)IicaIjiIity t o  the estimatinn c ) f  estrogens 
in the urine oi iion-pregnant \ \ . o i i i ~ i i .  I;nr this Inirpose 11.e must. for 
the present, still resort to I;inlogicaI nieans. 

A biological test fo r  urinar? estrogeii must 1 ic im- the 1)iological 
activity of all the estrogenic sulistances present in the urinary es -  
tract. The  test cannot he sl'ecitic to r .  or tliti-erentiate l)ct\vecn. c l i f -  
ferent forms o f  the hornionc.. The atlvantage oi t!ie 1)iological 
method is its aliility to tlemoiistrate ver!- siiiall aiiiouiiti or' estro- 
genic hormone in the liresence o f  innctit-c iniI)ui-ities. The &sad- 
vantages ai-e the trou1)lesome time ccotisuniing procedures and the 
necessity of maintaining a suppl\- o i  test animals. The greatest dis- 
advantage is the source of error antI variation i i i  methntl-. More 
than a 4000% variation can I)c. tlcmniistratet1 i n  the pimc'eilurc.s' nmv 
used. 

This paper is presented in an ctiort to decrease the large per- 
cent of error and variation. Our  test animal I)!- choicc has k e n  the 
castrated adult female mouse. just as chemically piire hornic me ior 
assay is tested against a knon-n ctantlartl hormone. so  should urinary 
extracts for quantitative hormone determination he tested against a 
standard, or  in animals that have k e n  prepared \\-it11 R 1;nowti 
standard hormone preparation. 

\\;lien dail? i:aginaI smears ironi large grmips o t adult virgin 
mice \\:ere exaniinetl over a periocl o i  t\vo to three \\eels. irom 
30-400/0 of these animals were trtiuitl to he ha\-ing i-cqilarly OC- 

curring estrus cycles. The  animals in such a group w r e  castrated 
and tested with an  estrogen. antl it \\-as iountl that those animals 
having a cycle reacted more consistently to the rniniiiial effective 
dose of estrone than those not having a cycle. The  method employed 
at first was to fnllmv a group o i  animals irom day to (la!- iron1 the 

1 Kober, S., Biochem. Z., 1931, 239, 209. 
2 Cohen, S. L., :ind M'arrian, G. F., Bfochcm. J.. 1934. 28. 160.; 
3 David, K., Acta brew. A-eerlnnd., 7931, 4, 64. 
4 ChtJand, G .  F., Ifeyer, R. R., JIillci., L. C.. and Rutz,  11. H.. -7. EioT. Cliem., 

5 Sclimuloritz, I f .  J., :ind Wylic, 11. E., .7. Lnb. crtid ( l f v .  Xd.. 193s. 21, 310. 
~ h h m u l o r i t z ,  JI. J., and TVylie, €1. B., J.  Eiol. Cirwu..  1936. 116, 41: 
7 Pineus, G.,  Wheeler, G., Young, 6., and Zahl. P. A,.  6. Bio7. Ciirm.. l!>X, 110, 

8 RltLcCorquocl:ilc, D. TV., Thn-er, S. .\., and Dois!-. E. -I., 6. Bled. c h e w . ,  193G, 

1935, 109, 213. 
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standpoint of their vaginal smears aiitl ca>trate them a? SOOII as 
estrus occurred. Almost ivithout esceptioti these animals. SO cas- 
trated, responded one \leek later in full estrus to the minimal dose 
of estrone which we found to lx 0.1 gamma. Later it was t'ound 
to be more time-saving to castrate a group of aiiimals and ~ n e  \\-eek 
later inject all of them ivith 0.1 gamma o f  estrone. It was iound 
that the same percentage (30-40%) o i  animals responded to the 
minimal dose and we had exclutletl the necessity of taking smears 
lxforehand. In a separate experiment it was found that as little as 
0.05 gamma estrone \vouId produce estrus, hut this 1 \ 3 5  rare and 
inconstant as compared with the reactivity to 0.1 gamnia. It' an ac- 
tive animal were castrated and alIo\ved to remain unstimulated for 
too long a time (10-14 days or longer) it could not lx expected to, 
and will not respond to the minimal or even several times the min- 
imal dose of estrone. Fortunately 7 tlavs has proven to I)e a g00t1 
interval for the artificial ljroduction oi estrus in R castrated aninial 
by the injection of kn0n.n or unknon-n amounts of estrogen. 

After the animal has h e n  so prepared and tested it is ready for 
use as a group I animal in testing unkno\\n extracts. Injections of 
extract are made iveeklp and the vaginal reaction i h  follo\vecl t'rom 
(lay to clap. Xo animal is used for testing an extract oftener than 
once in 2 \I-eeks. The second \\-eel< aiter testing an extract the ani- 
inal is always given a standard dose ivhether it has responded to 
the previous test dose or not. The animals lvill not alivaps respond 
to this standard dose again and if  not the dose is repeated the f01- 
lowing week. &Yo trrriiricrl is uscd for tcstiiig nguiirirl tlrnt l i a s  ?rot ri*- 
sboiiderl in firll rstvzis to  (1 firio.zcw sttirttlnrd dosc oiic .zcrck bcforc.. 

The nest and most recent step fonvartl has heen a plan ivlierehy 
more than 30-40% of the animals castrated can be made use of in 
our determinations. l i e  ivere able to make use of three gro~ips of 
animals. Group I consisted of those responding to 0.1 gamma, 
group I1 those responding to 0.2 gallinla, and group I i T s  those re- 
sponding to 0.4 gamma estrone. Experimental details are oniittecl, 
but the plan evolved is as follo\vs : Each of a group of animals is cas- 
trated and one \veek later given 2.0 gamma estrone in  0.2 cc. olive oil 
sulicutaneouslp. All the animals react to this overdose. ollviating the 
necessity of taking smears during the second \\eel<. On JIonday of 
the third week each animal is injected with 0.4 gamma oi estrone. 
Those responding are given 0.2 gamma the fourth week. Those not 
responding to 0.4 gamma are discarded. Tho>e responding to 0.4 
gamma and not to 0.2 are grouped as IiT. Those responding to 0.2 
are given 0.1 gamma. Those responding- to 0.3 ant1 not to 0.1 gam- 
ma are grouped as 11, while those responding to 0.1 p m i a  are 



groupetl as 1. In iolIo\ving the three groups of animals iron1 day 
to  clay, one must take into account the same principle of keeping 
each animal controlled as  t1escril)etl almve for group I. The  group 
I aniiiials can be used for testing a short ivhiie only antl soon have 
to  he put into the I1 grou1). The latter eventually comes to he the 
largest as it tlra\vs from groiips o i  ne\vIy castrated animals as  well 
as  from group I. The u.;et'uIness of the animals in group ITT is 
also transitory, some oi them 1)ecoming 11's and the others shortly 
I ~ c o m i n g  inactive to  0.4 gamnia cstrone. 

The pi-oldem o f  proper variation in the spacing ot' the anio~int of 
urinary extract to I E  injecte(1 ~)resentetI itsei f .  Interpolated values 
must I K  as  close together as possihle ior the sake o i  accuracy and 
yet iar enough apart so that the inhei-ent variability of the individual 
animal umultl not present itself t o  the extent that t\vo animals re- 
ceiving a given (lose of urinary estract  \vould not react at all, \\-Me 
one or Imth o f  the t\vo animals receiving the nest  smaller dose \\odd 
g-0 into iull estrus. \\-c resorte(I t o  trial antl  error methotls antl the 
amounts sho\\n in the accoml)anying tahle seem most practical. TWO 
animals are iiijectetl \\it11 each d ( w .  T h e  test is made ior no less 

'I';\BI>lC T. 
Injection Table. 

T'rin:rr,v csti-:ic.t (wl io lr )  17riiictr>- e s t rnc t  1-ri n:i YJ- rxtr:i c t 
(1  -10 Dil.) (1-100 Dil.) 

1 .o 
O..? 
I)..? 
0.3 
0.2 
0.1 
0 . 1  

than 1.0 gamma l)er liter oi urine since ive have never ioiuitl l e s  in 
the urine of normal adult \vonien. Extracts a re  100-fold concen- 
trates of the urine. Their preparation is by benzene extraction, 
combining the niethotl of Cohen ant1 Alarrian9 ior maximal recovery 
with minimal destruction oi  hormone mid a suggestion from Sclimul- 
ovitz ant1 \\7ylie"' ivhich niakc.; use o i  the protective ant1 ivashing 
properties o f  sotlium carhonatc. 

Daily examination oi wieai-<, ior 2 to -I months froni several 



hundred caitrated animals over a period o i  2 years, has iiidicated 
that the necessary sinears ior practical use should lie 43, 56, 72, SO, 
and 96 hours after the animal receives its injection. If the animals 
are injected on 1Iontlay ;1. 11. this arrangement calls for smears to 
1x recorded U’etlnestlay A. Jl. and 1’. M., Thursday A. M. and 
P. 11.. and Friday hl .  I f  a full estrus reaction is not found 
during these intervals the result is negative. \\‘hen estrone is ad- 
ministered the smears taken at the same intervals should also reveal 
a id1 estrus reaction or the animal should not lie coiisitleretl con- 
trolled. The route of injection must be subcutaneous. both with the 
stantlard aiitl the unkno\vn ; injections must be single in numlxr and 
alivays in the same solvent, olive oil. The use of fewer than 20 
animals as stipulated ior each test (lose in the Report of the Second 
Conference on the Stantlardizatioii of Sex Hormones1’ can Ix sat- 
isfactory only i f  these animals are in(Iividua1Iy examined and suit- 
ably controlletl. 

These studies do not indicate that different groups oi inice have 
a definite constant threshold of reactivity to estrone hut rather that 
by first overstimulation aiid then persistent adequate stimulation at 
regular intervals mice can be Ilrought into, ant1 then maintained in. 
a state o i  maximal reactivity to a rather constant minimal dose o i  
estrone. 

9141 P 

Distribution of Phosphorus in the Starch Granule. 

Gelatinizetl root-starch granules possess a peripheral meni1)rane 
containing I’hosl’horic-acid ester. This has led some investigators to 
infer that the natural uiigelatinizetl granule also possesses such a 
membrane. I i  this be so. it follo\vs that the P,O, percentage in the 
small granule.; of a given sample should lie greater than in the large 
granule.;. provitletl the thickness of the hypothetical niemlmne of the 
t\vo sorts o i  granules is almut the same. 

Fernlx-hl 
found the imall-sized granules to contain tlecitletlly more P20, than 

There are tivo pertinent observations in the literature. 


