
for estrogenic activity, I1  has this same pletely dcmonstrablc. Thus in doscs up 
order of activity, whcrcas I11 is inactive. to 2 mg per day per rabbit I1  fails to 

We have bcen unable to demonstrate induce implantation; I11 acts very much 
deciduomagenic activity ( C )  of 1 in like progestcrone, but a somewhat 
doscs up to 10 mg and of 11 in doses higher dosage is rcquired. Compound I 
up to 15 mg. Compound 111 is about 4 has behaved vcry peculiarly in this tcst. 
times as active as progcsterone, and IV Tested at thc 0.25-mg-per-day level it 
has the samc activity as progesteronc. has induccd implantation, albeit accorn- 

Our best means of comparing thc con- panied by much fetal degeneration. At 
ception-inhibiting action of these com- dosages up to 10 mg pcr day vcry lirn- 
pounds in rats ( D )  is on the basis of ited implantation has occurrcd in one-
oral administration. Compound I1 is the fourth of the animals and no iniplanta- 
most activc of the substances studied. tion in thc remaining thrcc-fourths. We 
It should be pointed out, however, that have no adequate explanation for this 
progcsteronc given by mouth docs not phenomcnon but have considercd the 
cxhibit a true dosagc/response curvc possibility that among thc various cffccts 
ovcr the rangc 2 to 50 mg (2, 4 ) ,  excrted there may bc combined in one 
whcrcas by subcutaneous injection it molcculc both progestational and anti-
does and cxhibits an M.E.D. of less progcstational potcntialitics. \t'c havc 
than 5 mg. The rneans whereby concep- not been ablc to tcst this with I, but 
tion is inhibitcd by I1 in the rat appears certain experiments conducted with I1 
to be dual in nature. In certain animals are suggestivc. Rabbits prctrcated with 
a clear inhibition of ovulation has been I1 for 3 days were mated to fcrtile 
determined by inspection of the ovaries bucks; at the same time ovulation war 
and noting the failure to form corpora insured by the intravenous injection of 
lutea. In otbcr animals ovulation was a pituitary gonadotrophic cxtract. Ex-
obscrvcd, but fertilization failcd to oc-. amination of the tuba1 ova of several 
cur. 'This is rcminisccnt of the inhibition fcmalcs indicated that most of thc ova 
of fertilization by progcsterone adminis- were fertilizcd. Noncthclcss. in no in-
tration in artificially ovulated rabbits stance were young born of such rabbits, 
rcported by Dutt and Casida (8 ) .  and palpation failed to disclose normal 

All of these compounds are effective implantation. 
inhibitors of ovulation in the rabbit. When administered to fcrtile f e m ~ l e  
Althougli accurate quantification of this rats in 2-mg dose every other day for 
cffcct is difficult, the data of Table 1 70 days, I1  completely inhibited fertility 
( E )  suggest that I and I1 arc thc most during the period of administration, al- 
active in this tcst and that I11 and IV though matings occurrcd with rnalcs 
have the ordcr of magnitude of activity kcpt with the fcmalcs. Following with- 
of progcsterone. \Yc havc prcviously rc- drawal of administration, a sterile pe- 
ported that certain compounds active in riod ensued which averaged 26 days in 
this tcst in the rabbit may be inactive length. Examination of thc daily vaginal 
as conception-inhibitors in thc rat ( 4 ) .  smcars discloscd fairly regular vaginal 
In this instance activity is exhibited in cycles ai: well as mating, suggesting that 
both specics. I1  did not alter completely the funda- 

By t h e i ~  activity in the Clauberg test, mental cndogcnous secretory rhythm but 
thcsc 19-nor compounds would be affcctcd cithcr ovulation or ovum devel- 
classrd as progestins. One would expcct, opment. 
therefore, that they, like progesterone, On thc basis of thcsc animal studies, 
should be cffective in maintaining preg- ,ye find herc a group of substanccs 
nancy. Actually, as is evident from the which, by reason of certain similarities 
data of Table 1 ( F ) ,  this is not com- to progestcrone, may be classified as 

Table 1. A comparison of estimated minimal active doses of progesteronc and the 19-nor 
steroids in six tests of activity. 

( B )  ( C )  ( D )
Mini- Mini- Minimum MinimumM.E.D. mum mum oral anti- Minimum implantationin utero- deciduo- fertility ovulation- sustainingClauberg trophic magenic dose in inhibiting dosr in assays dose in dose in fertile dose rabbitsmice rats rats(mg) 
(PSI (mg) 

--
(mg) 

(mg) (mglday) 

Progesterone 1-2 87 2 5-10 t 0 5-1.5 
I 0.1-0.2 29 > 10 5 0.25* 

I1 2-4 0.24 > 15 2 > 2.0 
I11 0.1-0.2 + loot  0.5 5 2.0 
IV 0.1 t 19 2 Not studied Not studied 

'8 Less active a t  higher dose. Data of Drill, Saunders, and Edgren ( 7 ) .  

progestins. Only one of them, 17a-cthyl- 
19-nortestosterone ( I I I ) ,  appcars to 
havc typical progesteronclike activity in 
all of the tests employed, but it is cluan- 
tltativcly Inole active than progcsterone 
in certain tcsts (for cxamplc, A and C )  
and less activc than progestcrone in 
others (for example, F ) .  \t'ith thesc 
compounds onc may inhibit normal re-
productive processcs in one aspect (for 
example, ovulation) or stimulate thcm 
in othcrs (for example, cndometrial pro- 
liferation). Thc fact that certain of 
thcm are activc at quite low concentra- 
tions suggests potential therapeutic use- 
tuincss. 

GREGORY M. C. CHANG, PINCUS, 
E. 	S. E. HAFEZ,M. X. ZARROW, 

ANUEMERRILL 
fl 'orcc~tcr Foundation for 
Eupcrimental Biology, 
Shrewsbury, Maaachusetts  
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Effects of Certain 19-Nor 

Steroids on the Normal 

Human Menstrual Cycle 


In  an accompanying paper ( I )  are 
describcd thc cffects evoked by certain 
19-nor steroids on the reproductive proc- 
esses of rodents. The present report 
deals with three of thesc compounds, 
l7a-ethinyl-19-nortcstosterone ( I ) ,  l7u- 
cthinyl-5 ( 10)-estraeneolone (11), and 
17u-ethyl-19-nortestosterone (111) ( 2 ) .  
These wcre administcred by mouth in 
dosagcs of 5 to 	50 mg pcr day to 50 
women from days 5 through 25 of the 
mcnstrual cycic. The subjects' ages 
ranged from 22 	 to 39 years (averaie, 
mean, and mode, all about 29 years). 

During treatment, only rare instanccs 
of moderatc side-effects occurred. Med- 
ication was given for inexplicable child- 
lessness, since previous use of proges-
terone in high dosages had been help- 
ful (3) .  On the 	basis of past history, 
these patients wcre known to ovulate 
regularly and, hence, to menstruate reg- 
ularly and normally. During most con-



-- -- -- 

- - 

Table 1. Effects of 17a-ethinyl-19-nortestosterone (I), 17a-ethinyl-5(lO)-estraeneolone(II), and l7a-ethyl- 
19-nortestosterone (111) on cycle lengths and indices of ovulation in normally ovulating !%omen. 

Corn- Incidence of ovulation 
pound Mean - ~ 

and cycle Endometrial Vaginal Pregnanediol 
dosage length Easal temp. biopsy smear (mg/day)
(mg, cycles (days) 
day (No.) (% +) (% -1 (No.) (% k) (% -) (No.) (% .f) (% -) (No.) (Mean) 

Control 40 27.2 + 0.51 39 6 6 37 0 0 31 3 0 35 3.4 lt. 0.27 

A-


Yd 
( I )  36 28.6 + 0.57 36 3 89 25 20 76 35 17 83 32 0.35 & 0.073 
20 

5 26.8 + 1.16 5 0 100 4 50 25 4 0 100 3 0.97 i0.97 

( I )  62 28.5 + 0.68 61 3 92 50 20 76 59 19 81 55 0.34 c 0.066 
10-40 

Control 10 25.7 + 0.91 9 10 0 11 0 0 8 0 0 10 3.1 0.23 

(111) 16 25.3 2.24 13 0 100 11 0 91 10 0 100 10 0.31 0.038 
10-50 

trol cycles, and ordinarily throughout w h i c h  o l  t h e  three compounds  was used. 
o n e  or m o r e  succeeding cycles o f  trcat- W i t h  compound 111, there was in ter im 
m e n t ,  a careful  s tudy was  m a d e  o f  ( i )  spotting or brcak-through bleeding dur-  
lcngth o f  menstrual cycle; ( i i )  daily ing treatment i n  eight o f  16 cyclcs, k i t h -  
basal body  temperature;  ( i i i )  cndomet -  out relation t o  dosage. Endometrial  bi- 
rial biopsy ( w i t h i n  cyclc-days 19-24); opsies i n  these eight cycles disclosed 
( i v )  daily vaginal smear; ( v )  48-hour hypoplasia, as thouqh a nerded estrogen 
pregnancdiol excretion ( w i t h i n  cycle- were lacking. 
days 17-23). Creatinine values indicated I n  t w o  cycles, subjects receiving IT 
tha t  these collections werc  complete.  gave a positive sign o f  ovulat ion b y  each 
Analytic methods  are described clse- o f  t w o  indirect criteria, so they  rnight 
where ( 4 ) "  have becn  adjudged o v u l a t o ~ y ,  b u t  t h e  

F r o m  i i ,  iii ,  and i v ,  indirect diagnoses excretion o f  pregnanediol i n  each in-
o f  the  incidence o f  ovulation were m a d e ,  stance was 0.2 m g  per day ,  indicating 
t h c  data i n  each category being classi- tha t  cven  had ovulation occurrcd, cor-
fied as positive ( + ), doubt fu l  ( 5 ) ,  or pus-luteun~ secretion was,  at least largely, 
negative ( - ) ,  for ovulation. F r o m  t h e  inhibited. 
values o f  v ,  t h e  degree o f  corpus-luteum T h c  nature o f  t h e  endometrial  histol- 
activity was deduced ( 5 ) .  ogy is described elsewhere ( 4 ,  6 ) .  I t  suf-  

I n  T a b l e  1 are summarized the  data fices here t o  say tha t  b o t h  I and I1 ap- 
i n  50 control cyclcs o f  50 subjects and pear strongly t o  stimulate stromal de-
i n  112 medication cycles o f  48 o f  these ve lopment ,  evcn  orcasionally t o  a decid-  
same w o m e n .  T w o  are omit ted f r o m  ual stage, b u t  endometrial glands d o  n o t  
this presentation h u t  arc included i n  func t ion  proportionately. Furthermore 
other reports ( 4 ,  6 ) .  T h e y  n e r e  given t h e  mucosa is th in .  
only 5 m g  per day  o f  compound I ,  N hich T h e  m e a n  data o n  prcgnanedlol ex-
is no\+. considercd below t h e  min imal  cretion among all patients i n  the  first, 
e f fec t ive  dose. T h c  subjects receiving I second, nnd third treated cyclcs, at each 
and I1 are regarded as a single group, dosage-level o f  each compound,  indl-
hcncc their control values are averaged, cate a consirtent and significant dcprer- 
for thesc compounds  had almost iden- sion o f  output .  O n l y  t w o  cycles w i t h  1 
tical ef fects .  T h e  test values i t o  v for  and 11, respectively, exhibited excretion 
each dosage i n  treated cycles are also valucs lying wi th in  t w o  standard dcvia-
averaged, since these w o m e n  were su f - tions o f  t h e  nican control value,  b u t  i n  
ficiently alike i n  pertinent respects. these cycles, the  indirect criteria trere 

By  any single indirect criterion, doubt-  negative for  ovulation. Moreover,  i t  is 
fu l  or negative diagnoses for ovulation note\vorthy that  i n  seven cascs o f  re-
occurrcd i n  only minor  percentagcs o f  quired laparotomy i n  patients n h o  had  
the  control cycles. I f  any  t w o  poritive previously takcn  compound I f r o m  1 t o  
indirect criteria o f  ovulation arc con- 3 monthr ,  n o  recent corpora lutea !\ere 
sidered sufficient, 100 percent o f  t h e  seen. I n  five o f  these instances, t h c  ob- 
control cycles were ovulatory. I n  con- servations i n  gross were confirmed b y  
trast, doubt fu l  o r  negative indices o f  microscopic examination o f  ovarian 
ovulation characterized t h c  grcat m a - tissuc. 
jority o f  medication cycles, regardless o f  A fol low-up has been possible for f r o m  

I to 3 months  a f ter  medication i n  28 
o f  t h e  subjects w h o  had t a k c n  com-
pounds I and I I .  Although dctailed 
analyses o f  thesc untreated cycles have  
no t  b c e n  feasible, each subject fur-
nishcd us  wi th  postmedication basal 
temperature charts, w h i c h  have  b e e n  
studied for ovulation t i m e  and cycle 
length.  T h e  relevant data are prcsentcd 
i n  another publication ( 4 ) .  T h e y  dern- 
onstratc ( i )  a statistically significant in-  
crease ( o f  no t  m o r e  t h a n  8 days)  i n  the 
m e a n  length o f  the  first posttreatment 
cycles i n  b o t h  medication groups, and 
i n  t h e  second cycle a f ter  therapy w i t h  
T ;  ( i i )  a return t o  normal m e a n  cycle 
length i n  t h c  second and third postmedi- 
cation cyclcs i n  subjects receiving 11; 
( i i i )  a significantly delayad m e a n  ovula- 
t ion  t i m e  i n  t h e  first postmcdication 
cycle i n  t h e  case o f  b o t h  compounds,  
wi th  a return t o  a normal m e a n  t i m e  
thereafter.  I n  first and second postmed- 
ication cycles, thcre is a slight (statis-
tically insignificant) increase i n  t h e  per- 
centage o f  doubt fu l  ovulations ovcr  tha t  
i n  t h e  control cvcles. Observations m a d e  
in posttreatment cycles sho\ved tha t  
medication did no t  prevent a return of 
ovulation t o  any  apprcciablc extent .  
Mrhela cycle prolongation occurrcd, i t  
\+.as t h c  result o f  delayed ovulation. This 
suggests t h e  nced o f  a latent period o f  
several days for complc tc  ovarian re  
cupcration. 

T h e  results, as shown i n  T a b l c  1, in -
dicate that  all three compounds  are c f -  
fcct ive ovulation-inhibitors i n  w o m e n .  
I n  dosages o f  10 m g  per day  and higher, 
I and 11, b y  their intrinsic action o n  
t h e  endometr ium a n d / o r  b y  their on ly  
partial suppression o f  ovarian secretion, 
can maintain t h e  endometr ium i n  such 
a statc tha t  a catamcnialikc withdrawal 
bleeding occurs a f t e r  cessation o f  ther-  
apy.  [ n  contrast, 111, a t  dosages u p  to 
50 m g  per day ,  fails t o  exhibi t  such sup- 
port i n  h a l f  o f  t h e  cases studied. 

Except  for four habitual aborters, as 
well  as for three patients w i t h  second- 
ary infert i l i ty  and o n e  w i t h  primary in-
fertility, \rho had  b c e n  exposed t o  con- 
ception for no t  more  t h a n  1.5 yearr, 
exposurc had prevailed for 2 t o  10 years.
, -l e n  w o m e n  n i t h  infert i le  exDosure o f  
2 t o  6 years had been  previously preg-
nant .  N o n e  o f  the  32 others had cver 
conceived, al though their average ex-
posure tras 5 t o  6 ycars. 

Despite adequate coitus, none  o f  t h e  
50 w o m e n  became prcgnarit during the 
monthr  o f  medication.  T h e i r  long-stand- 
ing infert i l i ty  m a y  m a k c  this zero figure 
o f  n o  impor t .  Neverthelers, it seems o f  
at least passing interest tha t  !\ithin only 
5 monthr  o f  the  last treated cycle, seven 
~ a t i e n t s  conceived. T w o  o f  these. h o w -  
ever, had secondary infert i l i ty ,  and each 
had been  exposed for only 1.5 years. T h e  
remaining five had  b e e n  inexplicably 
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barren for 3, 4.5, 4.5, 5, and 6 years, re- 
spectively. Hence in these seven in-
stances, at least, it appears that the ster- 
oids not only did not damage the ova-
ries but, on the contrary, may have been 
helpful in the relief of sterility (7, 8 ) .  
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Aftereffect in the 

Degradation of Cellulose 

and Pectin by Gamma Rays 


Desoxyribonucleic acid is degraded by 
x-rays, and after the termination of ir-
radiation a further degradation occurc 
( I ) .  The latter phenomenon has been 
called an "aftereffect." Similarly, an 
aftereffect has been observed in the ir- 
radiation inactivation of trypsin ( Z ) ,  
pepsin ( 3 ) ,and bacteriophage ( 4 ) .  The 
present communication (5) describes an 
aftereffect in the degradation of cellu-
lose and pectin by gamma rays. 

Solka Floc (Brown Company B\V-
200), which is a purified wood cellulose 
containing approximately 99.5 percent 
alpha-cellulose, and NF Citrus Pectin, 
a highly purified product used for phar- 
maceutical purposes, were chosen for 
these studies. The air-dry samples were 
reduced to lower moisture contents by 
being placed over phosphorus pentoxide 
in a desiccator which was evacuated by 
a Hyvac oil pump for periods up to 120 
hours. Moisture contents were deter-
mined by the loss in weight a t  70°C for 
6 hours at 100 mm pressure. Samples 

that were heated were not used in further 
studies. 

Solka Floc and pectin were placed in 
screw-cap glass vials and exposed to 
gamma radiation from cobalt-60. The 
dosages were controlled by placing the 
samples .it fixed distances from the 
source for known periods of time, as 
has been previously described ( 6 ) .  

An estimate of the degradation sf these 
samples rvas obtained from solution vis- 
cosity measurements in Ostwald-Can-
non-Fenske viscometers at  25OC for cel- 
lulose and 30°C for pectin. Cellulose 
solutions were made up in cuprieth-
ylenediamine which was 0.5M with re-
spect to copper and in which the ratio 
of ethylenediamine to copper was 2/1 
( 7 ) .  Intrinsic viscosities were obtained 
by plotting n,,,/C as a function of the 
concentration, C (0.250, 0.125, and 
0.0625 g/100 ml) , and extrapolating 
the lines to zero concentration. Relative 
viscosities were determined for pectin 
at a concentration of 0.100 g/100 nil 
in a solution containing 0.2 percent 
Calgon and 0.8 percent sodium chlor-
ide and adjusted to pH 6 0 ( 8 ) .I n  order 
to determine the primary effect of radia- 
tion, the viscosities of the irradiated and 
control (unirradiated) samples were 
rneasured as soon as possible after the 
end of irradiation. The solid samnles 
were stored in vials at room temperature 
until they were needed for subsequent 
viscosity determinations. 

Cellulose ( 9 )  and pectin (8, 10) are 
known to be degraded by ionizing radia- 
tion, and the extent of degradation (per- 
centage change in viscosity) as meas-
ured immediately after the irradiation 
is proportional to the log of gamma-ray 
dosage (8, 11) .  To  our knowledge, no 
aftereffect has been described for anv 
polvsaccharides. 

The results in Fig. 1 were obtained 
on cellulose and pectin at moisture con- 
tents of 0 32 percent and 0.75 percent, 
respectively, irradiated in air. The deg- 
radation continued ill the solid 'drv),, 
samples beyond that indicated by solu- 
tion viscosities determined as soon as 
practicable after irradiation. With both 
polysaccharides, the aftereffect continued 
for at least 2 weeks, after which it be- 
came difficult to distinguish between 
small changes and experimental varia- 
tions. In  the specific instances illustrated, 
the aftereffect amounted to 106 percent 
and 25 percent of the primary effect for 
cellulose and pectin, respectively. The 
apparent dissimilarity is in part clue to 
the fact that the particular dosage for 
cellulose (103.5 x lo3 r )  is much smaller 
than that for pectin (2030 0 x lo3 r )  so 
that in the case of cellulose the primary 
effect was relatively small. Thus, for 
example, at 552 3 x 103 r the aftereffect 
for cellulose was 59 percent of the pri- 
mary effect. 

I 	 I
CELLULOSE 

UNIRRADIATED CONTROL 

4 

I PRIMARY 

103.5 X lo3 r 

I PECT l N I 

I I 

10 20 30 

DAYS AFTER E N D  OF IRRADIATION 

Fig. 1. Changes in solution viscosities of 
cellulose and pectin irradiated and stored 
in the solid (dry) state at room tempera- 
ture. The primary effect is the change in- 
duced in the viscosity of the original 
sample by gamma rays and ascertained as 
soon after the end of irradiation as prac- 
tirable (within 5 h r ) .  The aftereffect is the 
change that occurs after the first viscosity 
measurement on irradiated samples. 

The  phenomenon reported here is 
unique in that the aftereffect occurred 
in solid (dry) samples, whereas those 
previously reported (1-4) involved sub- 
stances irradiated in the presence of 
water. In  fact, cellulose and pectin 
samples of various moisture contents 
were investigated and the aftereffect was 
observed only in the afore-mentioned 
samples which were of the lowest mois- 
ture levels studied. 
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