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During the  current year ( 1972 - 1973 ) major changes have occurred 

i n  the  a c t i v i t i e s  of the Division of Reproductive Physiology of the  

Pacif ic  Northwest Research Foundation. In  December, 1972, D r .  Eeller 

suffered a stroke and i s  still incapacitated.  Subsequently, t he  Oregon 

Sta te  Division of Corrections made a decision t o  discontinue a l l  

experimentation within the Oregon Sta te  Penitentiary and other s t a t e  
.. 

correcTiona1 ins t i tu t ions .  

As a r e s u l t  of these happenings, a request was made t o  the  Atomic 

Energy Commission f o r  a change of Pr incipal  Investigator from Carl G.  

Heller,  M.D., Ph.D. t o  Mavis J. Rowley. Formal approval was given on 

FebruaFy 22, 1973. 

a c t i v i t i e s  within the Oreqcn S ta t e  Penitentiary.  Rt t h i s  time, a l l  

experimntal a c t i v i t i e s  have been completely discontinued. Hedical 

examinations will continue t o  be avai lable  t o  t h e  volunteers on a 

I n  addition, act ion was taken t o  close oat a l l  

1 

zpecial  basis  through July of 1973. 

t rea tnent  or examination w i l l  be completed through normal prison- channels. 

Following t h a t  time, medical 

All vasectomies were completed by the  end of March 1973 and no volcnteer 

who was exposed t o  X-ray refused t o  submit t o  vasectomy during t h e  enti??e 

program. 

The laboratory s t a f f  i n  S e a t t l e  has been reduced and a phasing-out 

During the  next year, all e f f o r t  w i l l  be of t h i s  department i n i t i a t e d .  

made t o  be sure tha t  maximum value w i l l  be obtained from a l l  data  i n  t h i s  

laboratory. Ganuscripts w i l l  be wri t ten  and submitted fGr publicat ion 
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and a complete cataloging of a l l  data w i l l  be done. To 

protection as required by human experimentation po l i c i e  

be re-coded so  no reference can be found which w i l l  i n  

identify any of the volunteers. 

insure complete 

s, a l l  data w i l l  

any manner 
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I. OBJECTIVES 
0 

A .  CXIGI!:fL OZJCCTIIES 

I n  the  i n i t i a l  grant 1'2q'jeSt WE p r C ? 9 5 6 6  t o  apply knm*!n 

amounts of ionizing r ad la t i sn  d i r e c t l y  t o  the  t e s t e s  cf normal men i n  

order to ascer ta in  spec i f i c  cytolcgiccl  ar?d horeonal infcfnat ion.  Vith 

r e q e c t  to t h e  cytolcgical  inforr,ztion, wa proposed: (1) t o  determine 

t h e  exact nature of the  cy to lcz ica l  defect prcciuced i n  the  devcloprr.ent 

of the germinal 'epitheliun a-d t o  r e l a t e  the extent  of the defect t o  

dosage and time; 

determine dosage t o l e r a c e  ) t hz t  w i l l  a f f e c t  t he  germinal epithelium; 

( 3 )  t o  detcrzine the tiri.e of reccvery frc3 any given d o s q e ;  

determine the n i n i r a l  dosage tha t  leads to perrtnanent da;;;35e 02 spernato- 

genic c e l l s ;  

upon Leydig c e l l  cytolcgy. 

(2) t o  f ind  the n in ina l  doszge ( and thereby 

(4 )  t o  
- 
:i 

(5)  t o  determine the  sinultaneouz e f f e c t s  of arly dczage 
. 

With respect  t o  hormonal i n f o r m t i o n ,  we proposed t o  determine 

t h e  influence of any given radizticn-prcduced t e s t i c u l a r  a l tE ra t  ion 

upon other  parameters such as 

s t i t i d  cel l -s t imulat ing hcrmzne (ICSH) excret ion,  

excret ion,  a d  

(6)  t o t a l  gsnzdctrc2in m d  ( 7 )  inter-  

(8) estrogen 

(9)  androgenic horimne excret ion.  

B. ADDITIO:!AL 0 3 J E C T I E S  3.13 CEL,!;GES 11; TECI-:!{IQ,dES 

A s  t he  work pro,-ressed and as suggestions were made by t h e  

Advisory Ccmnittee 02 t h e  AEC ( Eeeting i n  S e a t t l e ,  ::ovember, 1963, 

December, 1965, March, 1967 

were added and some drcpped. 

and December, 1957 ), s m e  parameters 
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Subsequently it vas pro~cso_C! t o  crs2kc.size the de l inea t i cn  of th2 

cy to lcg ica l  de fec t  : by quznt i ta t ing  t ??e  nunblr of reccgnizably damaged 

cells during t h e  first 16  hmrs follcv!j.ng r ad ia t ion ;  by determining 

t h e  ncmber of- reaaining ce l l s  of e x h  c e l l  type during t h e  denuding 

period ( t h e  f i r s t  46 days ); 225 by assessicg th2 problern of spermto-  

gonia1 renewal i n  man. 

Cytogenetics was introduced as a new p a r m e t e r ’ i n  order t o  

harvest  t he  g r e a t e s t  anaunt of infornat ion f r o 3  the ccnt i~uing  ir ivest-  

iga t ion .  

abnormalit ies fol1o;ring i r r a d i a t i o n  during meiosis and during a i t o c i s ,  

The purpose of tho cytogenetics was t o  analyze chroinosoinal 

. i f  poss ib le .  

Early i n  the  investiga:icn we oSs-erved a r i s e  i n  t o t a l  urinary 

gonadotropins fsllc;.:ing . zny r ad ia t i cn  dcse causing 6enudii.g 04 t he  

g e m i n a l  ep i the l iun .  Concurrently n3 change i n  ur inary ICSH viis 

begw measuring urinary FSH separa te ly  using t h e  Steelnan-Pohley 

assay method 
( 1 )  . The obSective FZS t o  a f f i r n  r!helher t h e  3 e r n i n a l  

epi thel ium u t i l i z e d  FSH, s ince  ur inary ICSH did not chilnge and 

ur inary t o t a l  gonadotropins increased. 

plasna FSH by rzdioimunoarsay.  

and add t o  our da t a  obtained f r o 3  ur inary observations of FSH. 

I:’e have begun neasuring 

This nethcd has enabled us to conf i r a  

Since 

observat ions on the recIuct5.cn cf uyinary testosterone suggested t h a t  

Leydig ce l l s  were a f fec ted  by r zd ia t ion ,  add i t iona l  parazeters  were 

added t o  measure this e f f e c t .  These included q u a n t i t a t i c n  of Leydig 
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cel ls ,  radioinaxunoaseay of plasma IC% and measuring plasma t e s tos -  

terone by a ccnpe'citiv?e p r c t e i n  binding nethod. 

ultrastructural z t u d y  cf Leydig cells i s  urt3erviay t 3  deteraine any 

u l txas t ruc tuza l  chan5es i n  norphclcgy cf these ce l l s  f ollotoing 

i r r zd ia t ion .  

Currently an 

C. ABA:.DO::ZD 03JECTIVZS 

Fa? two years we conducted exploratory invest igat ions on 

the rna2pir.g of q i o t i c  ( pachytene ) chrorncscxies i n  o ~ d e r  t o  es tab l i sh  ' 

a basic f o r  the evaluaticz? of i r rEdia t icn  e f f e c t s .  

precis ion nor quant i ta t ive  data  resu l ted .  

p a r a x t e x  or cl?rc?,:oscc:.tal breaks, bridsing , t r a m l o c a t  Lon and other 

F ~ S S  chronoscrnal cefec ts  confimed tnat, in man, as i n  other species, 

r a5 ia t i cn  a t  each dose Level ( including lor ) caused 6znage. Since 

nc th ing  new wcis beir.g 3 revealed, and f cllc.qing discussion with the  

X C  Advisory Ccmit tee  team ( SeaTttle, Ilarch, 1967 ), t h i s  approach 

Kei ther  su f f i c i en t  

Observing the usual  

was abandoned. 
4 

The sane c o x t i t t e e ,  being int r igued with t h e  finding of l o a m 5 n g  

of upinary testoszeFone values fo l lw i r lg  i r r a d i a t i o n ,  sugGested t ha t  

metabolic defects i n  t h e  t e s t i c u l a r  prcduction of tes tos te rone  may 

De involved. It vas prcposed t h a t  studying ur inary pregnanediol and 

pregnanet r ic l  night revea l  t h e  r ,etabolic de fec t  as vas found i n  r a t s  

by Eer l iner ,  e t  a l .  
( 2 )  . Hence .these two parameters were measured. 

-I 

FiEding no changc,this pursu i t  has also been abandoned. 



1. Subjects I r r a d i s t e d  

fron t h e  i n i t i a l  dosagq. Of these ,  

again fo l lcv ing  ccrq le te  recovery 

th ree  received t h e  i d e n t i c a l  

dosage or: each of two cccasions,  t h ree  received two d i f f e r e n t  dssages, 

and one received three  d i f f e r e n t  d o s a p s .  

separately above. 

I 

Each dosage i s  l i s t e d  

All p r q o s e d  i r r a d i a t i o n s  have been cmple t ed .  
L 

2. Biopsy Dsta 

Nuii-tber. of suSjects i n  dncn s e r i a l  b i q s i e s  m r e  taken throughout 

42 t he  i r r a d i a t i c n  period -__--___-__-_-______--__-_------____-_-- 
l.\’umt=er of su3jects  i n  v h z m  biopsies  !.:ere avoided fol1ouir.g 

i r r a d i a t i c n  i n  order t o  s p e c i f i c a l l y  evz.1uate sperm and 

Nunber of subjects  i n  vhon biopsies  were avoided only during t h e  

19 f i r s t  30 day c e l l  dcp le t i sn  period fol1o;ling i r r a d i a t i o n  ------ 



I 

3 .  Vasectomy Data 
Number of subjects having had pre- i r rad ia t ion  vasectomies --------------- 1 2  

Number of subjects vasectomized before re lease  .......................... 62 

0 Number of subjects not vasectomized before re lease  ...................... 

B. GENERAL STATEIENT 

For each parameter s tud ied  we found tha t  each subject must 

serve as his own control. This was confirmed a s  r e s u l t s  were analyzed 

s t a t i s t i c a l l y .  Moreover it was establ ished,  upon s t a t i s t i c a l  bases, 

t h a t  the number of control .observations necessary f o r  each parameter 

depend largely upon the nature of t h e  parameter. 

control  t e s t i c u l a r  biopsy usually su f f i ces ,  ‘whereas a minimum of 18 

control  s e r i a l  weekly seminal f l u i d  examinations a re  necessary t o  

es tab l i sh  a base l ine .  , 

For exsmple, a s ingle  

1 

For each method of analysis  and f o r  each approach much time and 
% 

e f f o r t  has therefore  been devoted t o  del ineat ing the  l i m i t s  and 

var ia t ions of the  normal physiology of reproduction. A s  a r e s u l t ,  

new methods of approach have been worked out and new physiological 

pr inciples  have Seen uncovered o r  more precisely defined. 
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Heller, G.  V .  and E a l e y ,  1.1. J. ,  P r c s r e s s  , i n  Endccrinclcd-y,  111 In t e r -  

nat icnzl  C o ~ g r e s s  of Ez3cr?inolo,y, Excerpts IkCicz International 

Series, 184, 1012 . l'Duration cf Transi t  of q e x a t c z c a  thxx5.h 

the hurrm Tale ductular  sys tem" ,  RO>:lejl, 14. J . ,  Teshina, F. and 

* 

( 5 ) '  

( 6 )  
Helle?, C. G . ,  &?Ail. S t e r i l . ,  - 21:393, 1970 . "A m e t h d  f o r  t h  

qucnt i f ica t ion  of L e y l i g  cel ls  in IZZ?!'~ Heller, C. G . ,  L a l l i ,  1.1. F., 

Pearsca, J. E. and Leach, D. R . ,  J. R s p c d .  Fer t . ,  - 25:177, 1971 
( 7 )  

"Tne. u l t r a s t r u c t u r e  of four  types  of hunan spernatcgcnia!: , Iic,niley, 

14. J. and Ee l l e r ,  C. G . ,  2. Ze l l forsch . ,  - 112:139, 1971 

tation 02 t h e  cells 04 the s e a i n i f e r x s  epithelium of t h e  h u k i i  t e s t i :  

-( 8 1 . '?qLar,ti- 

enploying ?he Se r to l i  c e l l  a5 a constantl f .  RGwIey, M. J. and Heller ,  

C. G . ,  2.  Zellforsch. ,  - 115:461, 1971 
( 9 )  

1i21other d c v c l o p e n t a l  acpecr , .-.eggardi?g the r-zdizticn prccpin ,  

was t o  solve the  problem of d e l i v e r k g  as uniform an anount of rz5iaticn 

as poss ib le  t o  a l l  depths of t e s t i c u l a r  tissue of both t e s t e s  withc3.t 
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/ '  ccnventional X-rty t h e r a p  Enits on t he  market as unsuiXblc  h c a u s e  

of lack of r e a s  cf un?-fci*,n ccvexze  cf t h e  t e s t e s ,  lack of assurance 

tha t  uniforzdty frm sE3ject t o  subject could be establishEd and 

lack  of ( OT av!ktv!ard ) shielding prc tec t icn  t o  the sub jec t ' s  bo5y. 

A S i E F l e  por",ble bzx kEs designed h-y Feter !.tcottGn ( phys ic i s t  ) 

t h a t  albiJed t h e  scrotua and ' iestes t o  drcg i n t o  a p l a s t i c  box of 

( or  with the  nsst n i n i n a l  ) exposure t o  the  pe lv ic  region. This has 

- been surnar ized  2s '!The effects of graded doses of icnizing radia'iicn 

03 t h e  teEticular frncti.cn cf man. I. A portable  device fc d e l i v e r y  

9 

The accuracy of del ivery of this X-ray i r r z d i a t i o n  devtce hzs 

been confirned by physical as we11 2 s  b io los i ca l  dosimetry. 

phys ica l  check vas seen by a tean fro3 t h e  Eanford Washingtch A X  

group mder  t h e  supervis icn of Dr. t l i l l i a n  Rcesch. 

check was run by D r .  Eugene Oakberg, Ozkridse, using we11 standErd-Lzed 

nale mice. l3ese  were subzerged ( i n  special ly  designed containers  ) 

The 

Tne b io l cg ica l  

i n t o  t h e  p l a s t i c  box i n  the s m e  pDsition 2 s  t h e  scrotal t e s t e s .  

were exposed t o  a s imi l a r  series of graded doses of r a d i a t i c n  as  t h e  

subjects '  testes. The results were ccmparablc t o  s i m i l a r  s tud ie s  a t  

Oakridge, Eerkeley , and 14.1. T. , and v e r i f  icd the  accuracy of exposure. 

They 

3 

, /., 1 
L ? 
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- 
See Fourth Yearly Progress Report f o r  d e t a i l s  ( 1966-67 ). 

Our past data has been s t a t i s t i c a l l y  evaluated with the  view t o  

adding observations t o  each parameter, there  required, i n  order t o  

assure a s t a t i s t i c a l l y  acceptable r e su l t .  

consolidate information regarding hornonal changes resu l t ing  from 

X-ray exposure t o  the t e s t e s ,  a low ( 8 r ) ,  a medium (78r) and a 

high dose (600r)  were selected. 

collections f c r  hormonal a a l y s e s  nust be made i n  eight day pools 

repeated s i x  t i nes  during the ccntrol  period i n  order t o  es tab l i sh  

a s t a t i s t i c a l l y  valid base l i ne  fo r  each subject f o r  comparison with 

post- i r radiat ion resu l t s .  

number of post-irradiation observations were a l so  pre-determined. 

For example, i n  order t o  

It was decided t h a t  urine e. 

The number of subjects per dose and the  

We now heve 3 s t e t i s t i c s l l y  s i p i f i c a t  ins ight  i n t o  the  horncnal 

clianges. With the  sane gcal . i n  ;;.ide we s imilar ly  applied s t a t i s t i c a l  

analysis t o  our germinal and Leydig c e l l  quant i t s t ion  and sperm ccunt 

evaluations. I 

c. A C C O ~ ~ L I S ~ ! J T S  \]ITH SPECIAL REFERENCE TO ORIGINALLY STATED 

d OBJECTIVES. 

1. Cytological Objectives 

a.  Objective: "TO deternine the  exact nature of t he  

cytological  defect produced i n  the develcpnent of t he  germinal 

epithelium and t o  r e l a t e  the extent of the  defect t o  dosage and time." 

I n  t he  f ollowirlg discussion dosage has been divided i n t o  rtlow71, 

' 'intermediate", and '?high?:, according t o  t h e  cy to lcg ica l  response 

e l i c i t e d  by exposure t o  each dosage. 
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Lovr d o s q e  e f f e c t s  ( 1 0  - l O O r  ) :  Exaxination of s e r i a l  

t e s t i c u l a r  b iops ies  follc2ring e x p s u r e  t o  i r r a d i a t i o n ,  rev?aled that 

the  qerim'ccgonia were pri.r.zri2.y a Z e c t e 2 ,  and t h a t  mcre mstcre cells 

were a l l c m d  t o  c c q l e t e  n c m a l  develc?r.?nt. The overt  &rXp t o  the  

spe-rnztcgcnia was revealod by pyknosis and other signs of dqe r , e ra t  icn.  

The concealed dzxa5e t o  other.\l:ise norrrs l ly  appearing sperr,,atcpmia 

b e c x e  ovent 2s revealed by t he  failcye oA t he  c e l l s  to ui- iderp 

mitosis and pro9uce prsleptc:en2 q e r x t o c y t e s .  

s 

A t  the  sac? time 

( f o r  dosages of l O O r  or l e s s  ) the prelegtctene,  other sper~.a?ocytes 

and the  speraz.tids f a i l e d  t o  revea l  e i t h c r  overt  or concealed dmage. 

'The l a t t e r  [:'iis deduced f r c n  the<? z5iliYy t o  under53 develcpzent and 

Katuraticn ( including u d e q o i z s  s a t u r a t i c n - d i v i s i m  ) t o  kcsme 

normal m t u r e  spermtoqca and t o  appear i n  the e jacu ia t e  as ncr>.ai 

speraatozca ix regard t o  nu732rs 3 s  ~ 2 1 1  as morpholqy. 

lepYo2ene spernatocytcs were not replaced by t h e  spernatogmiz,  

Since The pr2- 
t 

hwever  , tF,e prcduction of spera ceased tihen deple t ion  m s  cc:n$.eted. 

Thus the  three  ccnsequences of t:lcwff dase iFradiati.cn a re :  1) denuding 
. 

of the  g e m i n a l  epithelium, 2 )  darage t o  s p r m t o g o n i a ,  ar.d 3) reduction 

of nmber  of spern i n  t h e  e j acu la t e  t o  azcospernia a t  the  lOOr dose. 

To evDlve these conclusions s e r i G l  t e s t i c u l a r  biopsies  w-re 

obtained a t  i n t e rva l s  of four  t o  s i x  hours, lG, 24, 40, 46,  60 and 72 

days follc:.!ing i r r a d i a t i o n .  Ti?e geminal c e l l s  were s tudied by l i g h t  

microsccpy. The f i r s t  time 05 visual iz i r .2  total deple t ion  i n  t he  

testis was a f t e r  46 days.  This is exact ly  t h e  period of t i n e  needed 
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the  spernatocytcs. I n  cont ras t  t o  th2  lcxer  d o s q e s  v;?52re the  s?er;ncto- 

cytes  develc;? nornally,  E: i n t e r r d i a t e  doses, these c e l l s  a r c  covel-tly 1 

injclred and not a l l  a72 al lcved t o  proeesd t h r m s h  ncrrnal naturat icn-  
1 

a re  decreased i n  nmber .  

Spernatogmia a r?  overtly injured and t h e % r  nunbers are  decreased 
4 

even rriore than a t  the  lc:.:er doses. 

longer reccvery t i r e .  

"his u l t i r . a te ly  r e s u l t s  i n  a 

Tnerefore, r s e  hzve found t h a t  a t  intermediate 

dosages of betveen lC0  a d  400r: 

1. Spernatczsnia shcW overt  dzaage b u t  no decrease i n  numbers 

within t h e  f i r s t  24 hcurs.  

2. Spernatocytes a r e  covert ly  - affected and  degenerate v:hile 

proceeding through maturation-division. 

3 



i n  spermatids. 

4. The sperm count r q a l a r l y  i a t l s  t o  z m o s p r z i a  z f t e r  approx- 

imately 67 days. 

5 .  The seninal  fluid Sal l s  t o  Tnveal th? reducticn i n  normal 

r-- r .  spernztid numbers during t h e  r i r s t  46 d a y s .  x n i s  i s  possibly 

generaticns of spernatczca . rzy cbscure the  redccyien i n  t e s t i c u b r  

producticn of spematozoq. 

High doses of i r r a d i a t i c n  ( 400 - 603r ) y ie ld  a fu r the r  response. 

- A l l  c e l l s  of the germinal s e ~ i e s  z r e  in jured .  Sperr;tatcpnia and 

spernatocytes are  cvert ly  dixczecj ar:6 s?err,atids m e  c o v e r t l y  dan:zsed. 

The add i t i cna l  da2a3o t.0 52errr.atids ( revealed bj quant i tz t ion of 

germinal c e l l s  azd spera 1 c x ~ t t  ) and the  cver t  s?Ernatccytz clanage 

a re  found only i;t t h i s  h i sh  i r r d i a t i c n  dose.  

Severe decimation of c e l l  xirbsrs ?Tic? to 46 days,  the q e - a  count 

a l s o  falls sharp ly  p r i c r  t o  46 c k y s .  

i r r a d i a t i o n ,  LOOF and above, v e  have foc.nd: 

\ 
As a r e s u l t  cf t he  

inus, a t  high docages of 

1. 

2. 

Sperna tqonia  and spernatocytes are G v e r t l y  danzgcd. 

Speraatids are covert ly  dzr:s;ed as revealed by q2Est i ta t ion  

of t e s t i c u l a r  cytology a d  sFern courit 2nd r,oi-pholcgy. 

3 .  S i p i f i c a n t  decrezses in .  all.  cells of t h e  ger.air.al s e r i e s  

are observed p r i o y  t o  46  days. 



-. 
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4 .  s i cp i f i ean t  dccr2ase occurs i n  spcrin ccunt p r i o r  t o  45 

days. 

5 .  Tile sr,-crn count f a l l s  sharply t o  azcospernia and stays 

F 1 6  nir,cte-s cifte? irrzdiztf .cn.  me observations vore cade ultra- . 

s t r u c t u x l l y .  

c ~ n c l u d e  frcx the cc.T.b.blnation of r.orphalcgical and quant i -  

j?esistzT,z cells. Our conclusicns are surruzarized i n  tke  fol loving 

t a b l e  : 

1 Sperzat ogonia Spernat ocy t e c Spematids  

I I ,A, --I 

P Sa Sb Sc Sd Z Radiztion Ad kp B R L 
Dase (r) 

0 0 0  0 
10-103 + + + o o o o  

0 O $ O  0 0  4- I- I- 8 200-330 

4- @ 8 8 8 + + 403-530 s t + + + + +  

K n e ~ e :  0 L d i c z t e s  no effect, -t indicE.tes rnoTpholcgica1 chang2, 

i - i -  ind ica tes  g r e a t e r  norpholcgical change, and €3 ind ica tes  

poss ib le  d a m p  but - no observable morpho1oc;tcal change, 

-. 
I 

Li 

i. e. , ':covert damage. 

3 0 0  I 2 0 3  
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A s t r ik ing  aspect  cf t h i s  data  i s  t h a t  c e l l s  l i t e r a l l y  next t o  (j 
each other both i n  d c v e l o p c n t  a d .  opzcial  placement within t h e  

tubule  have such differen:: radicresistance. For inE'iance, t he  type 

B speroatogsniun is t he  r s z t  rzc?tcseXttiTls c e l l .  The c e l l s  preceding 

it ( t he  ?.d and kp ) are also rzdicsensi t iue.  Hodever, the c e l l  

Thus t h e  sperrnatids are $0 t i r ,es  5s resistant t a  i r r a d i a t i c n  darnage 

as are the spermtcgonia.  

% 

b. 

affect the g e m i n a l  epithelium. I f  

Objective: "To f i n d  t h e  minimal dosage that w i l l  

The foregoing discussicn has revealed that cytological  de fec t s  4 

were obcerved a t  many dose leve ls .  Tne n in ina l  dose l e v e l  t h a t  

produces azoospernia, f o r  exanp'l-e, i s  l O C r .  Iiarked oligooperzia was 

produced follo!::ing i r rad iGt icn  dace: of 7er ( seven subjects  studied 1 

and 50r ( f o u r  subjects  studied ). Spern counts were decreased froin 



norna l  t o  c i r c c  2 T:,/CC i n  est;? ci z ; - .~se  e le~7r -n  s u j j c c t s .  

oligospermia vas p x d x e d  a;: 2Cr ( e i g k  z u h j e c t s  ) and 1% ( cne 

su3jecY ). 

!.:=5erGte 

On the basis of the effeczs c2on sperm coGnts, tes t icular ,  

c y t 3 1 c ~ y ,  and h c x c n a l  s t u d i e s ,  t3. 53 azd 7Er subjec ts  czn be grouped 

i n  a s in s l e  do:-qe c l a s s ,  and tfie 15, 20,  and 25r g?ou?s c m  be 

consol idated 6 s  g l v i n g  a sir.gle b5olc;ical e f f e c t .  .. 
Of t he  three r e c e i v i ~ g  I&, i n su f f i c i en t  E e c i m l  f l z i d  data 

1) sudden paro le ,  2) pr io r  ( CT ncne ) was , c b t ~ i n 2 d  b,ecz.us-s a f :  

vasectcny and 3 )  

operations t o  k 

t o  i r r ad ia t ion .  

Of t h e  fo t r r  

oze s i t b j x t  vzs subjEcted t o   GO frequent biopsy 

certain thiit the f a l l  i n  spern count vas indeed dce 

receiving 8r ,  tm iziilecl t o  x v e a l  a d x ?  i n  speria 

couiit arid t v o  revealecl,a ;ninLr.zl c? ecjEivccal drop. I n  t he  let'ier 

two t h e  drop a t  best v.zs t rans ien t ,  h t ; ~ e v e r ,  t h e  lowest zn t ic ipc ted  
1 

poin;: in t ixe f G z  these su5jec::s czcuxed  the  r i o t s  at the 

Oregan State  Penitentiary, and no c b s e ~ v a t i o n s  v.:ere possible  during 

this critical p ~ i ~ d .  
. 

. I n  t h e  8 r  gzxlp, t e s t i c u l s y  Z i q s i e s  were avoided ir, orcler t o  

Of t h e  th ree  rece'iving lor, observe '[pure1! seninal fluid effects. 

only one had serial bicpcies f c  c;itclc3ical stuudy, another had 

biopsies  f o r  c h x x s s c x i l  z t u d y  cnl;~. The cy to log ica l  stc?y, hcxever, 

did r evea l  Irradiztim induced c h a q e s .  

Assuriing '!no changetf i n  sper.:: cam2 f o r  the  fou r  Eu5jects 

receiving 8?, does not  ru l e  cut the  pass ibility Of transient or 

3 0 0  I 2 0 5  
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m i n i m a l  cytological damage. The l a t t e r  could be obscured i n  the  

seminal f l u i d  analysis due t o  mixing of generations of spermatozoa 

during the 21-day t r a n s i t  time throu5h the  ductular apparatus. 

The s t a tus  of "the nininial dosage affect ing cytologyT1 thus i s  

t h a t  i r rad ia t ion  dcsez as  low a s  I O r  r e s u l t  i n  damage t o  the  germinal 

epithelium, i n  one instance,  and doses of 15 ,  20 and 25r regularly 

r e s u l t  i n  damage. 

c. Objective: 'lTodetermine the  time of recovery . 
from any given d e e .  l1 

count and t e s t i c u l a r  cytology. The two endpoints being applied are  

Recovery t i n e  i s  being determined using two parameters: spern 

the  f i r s t  cppearance of sperratozoa in the  seminal f l u i d  ( if the  

subject was at azoospernia ) or  the f t r s t  increase noted ( i f  the  

subject was oligospernic ) and the f i r s t  resurgence of maturaticn of 

- 
v 

t h e  spermatogonial c e l l $  of t he  t e s t i s .  

We f ind a large dichotomy i n  the s t a r t i n g  time of t e s t i c u l a r  

recovery versus the increase i n  seminal f l u i d  sperm count, most. 

pronounced a t  t he  intermediate and high doses. Beginning 

t e s t i c u l a r  recovery precedes the appearance of rperm in t he  seminal 

recovery have kept the nurrber of observations minimal. These are  t h a t  

in approximately one-half of The subjects ,  biopsies were avoided i n  

order not to i n t e r f e re  with sperm counts. The second reason, i s  t h a t  



no matter how carefully a subject was selected,  from the  point of 

view of time t o  be served i n  the peni tent iary,  t h e  a t t r i t i o n  r a t e  a f t e r  

some years was extremely high. 

pardons or  parole, t ransfer  t o  the  Forest Camp, violat ion of prison 

regulations End removal from the  general population ( and from the  

experiment ) or  voluntary withdrawal. Some recovery data gathered 

from each dosage studied i s  tabulated as  follows: 

Att r i t ion  was due t o  unexpected 

.. 

. 



C'r 

-------------- I 10 nznths 
- 

1 

L O O r  I 7 months 7 months 18 months 

78r 1 I ------------- 

9 months 

24 r cn ths  75 n m t h s  I 5OOr 

his t olcgical  only 
15 mcnths 

none thrcu5h 
57 r.:onths 

3 0 0  1 2 0 8  
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--. The preliminary observations sucrgest tha t  a t  low doses 

( 10 - l O O r  ) beginning recovery of sperm count occurs a t  about s i x  

months, f o r  intermediate doses ( 2C0 - 30Gr ) a t  t e n  months, and f o r  

high doses ( 400 - 600r ) a t  about tvo years. 

d. Objective - Coxplete recovery: “TO determine 

To be cer ta in  tha t  the whether recovery i s  complete or incomplete. 

same leve l  of sperm count i s  at ta ined following i r r ad ia t ion  as existed 

before i r rad is t io3 .”  ( not exp l i c i t l y  s ta ted  under 1. GF.JZCTIVES, 

often discussed with the  Cmnit tee  ). 

For each subject,  many, many control seminal fluid evaluations 

had t o  be made t o  es tab l i sh  a normal value t h a t  i s  s t a t i s t i c a l l y  

acceptable. 

time has elapsed a d  suf f ic ien t  cbservations hzve been &.ve.i.lzble, 

recovery appears t o  be comslete, i . e . ,  t h e  same spern count leve ls  

The r e su l t  i s  t h a t  1 3  those subjects where suf f ic ien t  

have been at ta ined.  I 

The observations on comglete recovery a s  seen from the  t ab le  

suggest t h a t  fo r  the  low doses, ir i s  nine t o  1 8  months, f o r  
4 

internediate  doses, 30 months, and f o r  high dozes, longer than 57 

months. 

e. Objective: ‘:To determine whether subsequent 

i r r ad ia t ion  following depression and f u l l  recovery w i l l  lead t o  a 

more severe reac t icn ,  postpcne recovery, or lead t o  incomplete 

recovery.” ( another objective not  s t a t ed ,  but discussed with, arid by, 

D r .  Paul Henshaw ) 

Ln seven subjects  that were i r r ad ia t ed  a second o r  t h i r d  time 



(1' 



. 
Q x s t i t a t i c s  of t h e  gern ina l  ep i the l iurn  vas  Segun 

early in 1964. D r .  E.$ene Czkbirg was ins t ruc ted  i n  the  hman 

sperzztogezezis F t t e r n  zn=i he ,  i n  t u rn ,  aided u s  with h i s  extensive 

C .  edges, cell .  ty;es, s:qn d e r ~ ~ i t i o n ,  6ni tubule cell ccunts. The 

s t a t i s t i c a l  sa.n?le ta 53 us26 \.jas estajliched f o r  r e l i a b i l i t y  iit the 

9S% ccnf-Xence leve l .  

In ki;yust of the S ~ P  ye;,?, Drs. F e l l e r ,  Clei-nont and @&berg 



8 ,  '.-- 

Laboratory a t  1,:cSill University. Since then,  c c  1zborato:-y has 

taltcn bicpsies a t  selecte6 tLr.es a f t e r  x-irrzdiat icn f o r  qacnt i ta t ion  

c e l l s  p e r  c e l l  zssociaticn, ~ 7 5  ( 2 )  czmt ing  c e l l s  per t u b u l a r  cross- 

sec t ion  without regard, t o  t?.e c e l l  associzt icns  involved. "ne l a t t e r  

method proved t o  be im.portaX 2 s  r e s u l t s  of the  e f f e c t  of rzd ia t ion  

of t e s t e s  i n  man ererged. 

process of depletion and 22~riz3 t k e  ea-ly recovery period, the land- 

marks defining tke c e l l  asscc ia t icns  ?:eye ob l i t e r a t ed .  

Tkse  r e s u l t s  r w e a l e d  t h a t  during t h e  
* 

I n  both cour??ing rnethcck, 3izTry Eections m r e  scanned i n  a 

manner s imi la r  t o  blcod s z e z s .  

s i z e  t o  co l l ec t  a s t a t i s t i c s 1  sz:,?le, a c t h e r  sec'iion 407 o r  rnore 

away frorn the f i r s t  would b2 ccmycd. 

confirmation ccun t s  a t  Oak 2 : J d ~ z  vere alr.;zys a t  t he  opposite end of 

If cne sec t icn  \:as not 04 a suf f ic ien?  

The s l i d e s  t o  be used f o r  

3 0 0 1 2 1 2  



r e s u l t s  (.P<O.O5 ). 

Forty ccntrol subjects r.cere asslyzed by quantitatk 'g the geminal  

* cel ls  acccrding ' i o  t h e i r  c e l l  associations. The r e su l t s  for each 

c e l l  t ype  were expressed as gPr;;lir?al cell/SeYcoli cell ratios. The 

Sertsli c e l l  vzs Eelected as che s tab le  standard against which t o  

express ar,d c=I.rpzire c e l l  3 m x k ~ r s  since under the c o n d i t i m s  of the 

experinent, chtnges i n  geminal cell numbers and t u u b u l a  length and 

d i z x t e r  csuld be expected, b~t Sgrtoli c e l l s  vere expected t o  r e m i n  

constent. 
. 

The r,ezns f o r  each cel!, type/Sertol i  c e l l  r a t i o  a d  t h e i r  

s ta r ,krd  deviaticns 2nd standazd erroTs are as follorws: 

C e l l  Ad A> B R 
Type 

L z P Sa Sb s c  Sd 

Rean 0.65 0.59 0.37 0.27 0.64  0.08 2.74 1 .68  2.19 1.81 2.27 
+ S . D .  - 0.10 0.11 0.13 0.11 0.21  0.CS 0.43 0.30 0.54 0.59 0.68 
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These rat:ios ::ere then  c c r p z ~ e ?  ~ i t h  q u z n t i t a t i o n  cf 25 cGItrol 

subjects ( o f t e n  t h e  2z.e subject 1 1;,~ c s m t i n g  t h e  g e m i n a l  ce l l s  i n  

cross-sections of t u h l c s  vitharrt r.egc;ixi t o  the cell asssc ia t l cn .  

means foF each c e l l  ty2c/Sercol i  c e l l  x t i o  and t h e i ~  standard 

The 

deviations 2nd stci idard ers,'ms a re  as fol loxc:  

. Sb Sc Sd Sa .. C e l l  Ad Ap B R J4 z P 
Spe 
Hean 0.51 0 . 4 3  0.26 0.19 0.18 0 .07  2.64 1.61 1.24 1 - 2 7  1.01 

+ S.D.  - 0.12 0.'11 0 . 0 5  0.07 0.09 0.03 0.47 0.53 0.36 0.31 0.30 

S.E. f 0.02 0.02 0.01 0.01 0.02 0 . 0 1  0.09 0.11 0.07 0.06 0.06 

F Good zpeexen2 b e t m e n  these t x o  approaches was f - c u ~ d .  laus, the 

l a t t e r  rretkzd cf cyan t i t a t ing  ccnt ro l  s u b j e c t  aIIo:.ied f s r  cc:,?cr'iscns 

spermatczytes (L) tha; the tu5ul .e  cocnts. This d i f fe rence  i n  lep to-  

tene counts has been discussed x i t h  Dr. Yves  Clerincnt of :-;cGill 

that the  i n i t i a l  tixirig of the  duration of this c e l l  t y ~ e  ';:as slightly 

incorrect .  If, indeed, the  pye-leptctene did las t  a s h o ~ t  t i n e  i n  

the  end of- c e l l  association V then t h e  tubule  method would k v e  fewer 

l ep to t enes  t h m  t h e  c e l l  assccicticn nethod. The c e l l  assceiation 

method i'eoyires 1epto:enes t o  be present and pre- leptctenes and 

zygotenes t o  be absent before c e l l  associations IV and V can be counted. 



i n  Table I. . .  

b. Ultrastructural  s tudies  

u t i l i z i n g  the electrcn nicrosccpe, w$ have 

succee2.ed i n  id&tifyir.g and describing t h e  u l t r a s t r u c t u r e  of f o u r  

types  0,' s p e r n a t o p n i a  . Previouzly only th ree  spermatogonial  

types x2re kncm. 

microscqy af foreed  visual izat icn cf considerably Lore cy to l cg ica l  

d e t z i l  than can bo obtained with parz.ffin-enbeddcd nz'ccrlal, and,  

c o n s e c ~ u ~ ~ . ~ l . y ,  

i n  such E;on sections.1 

wi th  e1ec:ron nicr'osccpy pi-ovided the most sa t i s fac tory  rnethod for  

r e v e z l i q  c i f i e x n t  spernatogonial ty,es. Triis method revealed a 

d i s t i n c t  clifferznce in t h e  u l t r a s t r u c y z r a l  c h a r a c t c i s t i c s  of- t h e  

fou r  t ) ~ 5 s  of hc~..an sFemztosonSa. 

~ ~ F L I C ~ S ~ Z  ::.ere f c x d  t o  occur cnly i n  cezta-in qezr.ztc-pnia. 

( .a  1 

The use of 1,v t h i ck  Epcn sections with light 

.- 

dis<ir?c: types cf s2arnztc2snia could be i d e E t i f i e d  

Hc-devcp, f u r t h e r  study of t5e Epon secticns 

I n  z i d i t i o n ,  p ~ s v i c > s l y  ui-idercrikxj 

h's 

are  u s k g  t h e  sace nethod t o  s t d y  t h e  noPnalnorpholc.;tj of the T?.G?X 

rnz.ture cell t y p e s  and t h e  e f f ec t  of X-ray i r r a d i a t i c n  on t he  

sperrztogcnia. 

3 0 0 1 2 1 5  





Basically, we d i d  three scpareEe co rp5o lcg ica l  studies t o  insure 

accurate ident i f icat ion of the spernato+mial types .  

exanined paraff in-enbedded t i s s x e s  with t h z  l i g h t  microscape i n  the  

c l a s s i ca l  manner t o  i d e n t i f y  t hc  three recognized t y c e s  ~f spernato-  

gonia. 

or sub-nicrm thickaesses by 1Lght nicrooccpy and i d e n t i f i e d  t h e  

SperFatcgonial  types  by ccv.?aring tfiece c e l l s  with the paraffin-enbe2ded 

F i r s t ,  we 

Secondly, vie s tud ied  E p n - m k Z d e d  tissues secticned zt micron 

material. 

adjaceat t o  the sections 'used f o r  l i gh t  n i c r o s c q i c  exaninat ion was 

used t o  determine the u l t r a s t ruc tu ra l  charac te r i s t ics  of the 

TnirdLy, electrcn microscopic exa-ninatian of t h i n  sections 

d i f f e r e n t  types of s p e r w t c g o n i a .  31 t h i s  way we were assured t h a t  

t h e  cello we czLled Ad, iip and B speraa togonia  using pars4fin-erbedded ..- 

eiths? the  or clectro3 niercscc?e. propcse to c cn t i :-ae 

three-pra-qed apprcxich t o  t h e  stu5y of t h e  other c e l l s  of the, 

this 

gemina l  s e r i e s .  

. .  

3 0 0 1 2 1 1  
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Four srernato;oniai TySes b:ere i c e r t i f i e d ,  t h e  LL, F.d, F.p and 

3. 'Be AL ( L f o r  le;;r;th of c e l l  G n  basa l  lamina ) i s  ccrisidcred t o  

sperxatcgcnial  types do no t  have a p l e n t i f u l  supply of c r i s t a e .  This 

conditicn cf fe;.r cnis tze  k i n g  present i s  general ly  corrolai-cd with 
( 12 1 

3';lactive c e l l s  and r e k t e e d  t o  lcx energy requirements . The -. 
egarse a;na.xt of cndo?lazr,-nic re'iiculua of both the  rough a d  t he  

= m o t h  v z r l e t y  t:o:lld Pu%hsr sugsesi: that these c e l l s  

ine close E2posltion of the  nitochondzia t o  t h e  rcugh ezdcplzsnic 

r e t i c a l m ,  es;ecially i n  the 3.L and Ad sperzatcgonia ar.d l e s s  so  i n  

t h e  k p  and 3 speraatcgcnia, can be in te rpre ted  as a a c - p h o l c ~ i c s l  

n a n i f e s t a t i c n  of a nechexim t h a t  allows short  d j - f iu s i en  pzth for 

inac t ive .  . 
e 

LTF' tha? i s  required fcr. s x e  function in  the  endcplasr.ic reticulum. 
/ ( 13 ) 

Andre has suggested that: a clcze nitcchor.dria t o  endc?lasaic 

r e t i c u l u n  assoctzticn mig'hz serve to supply energy f o r  pro te in  

synthesis .  
L 

The func t icn  of the f i l a r en tous  body, a c h a r a c t e r i s t i c  s t r c c t u r e  

i n  t h e  AL and 2d s p e r n z t c g n i a ,  i s  'unkncm. The 1-ocalizaticn of 

ATPase i n  t h i s  bssy i s  suggestive evidence that i t  i s  zn a c t i v e  center  

n e c h a i s n  fc r  FrDtein synthes is .  

3 0 0 1 5 1 8  
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lamina. 

3;n increased nurher of q - e l i n - l i k e  z ~ r a y s ,  t h~~uy :? t  to r e p r e s m t  

phosp3oli2id d e p x r z t i c n ,  ~ : 2 ~ 2  p?ezerA i n  t k  Ap azd I3 spernEyrzcnia, 

us ccnpared t o  the  z,bse;ce cf s'ich strcctures i n  t h e  AL ar.d Ad. 

sperD.atcgonia. 

mature spermatcgonia. 

This sus2ests t h t  au tc lys i s  occurs i n  t he  more ' 
t 

The Ad sper;.?atcsoniuTL has keen cozsidered t o  be the  rest 
( 14 1 ( 1 s  1 4 p r i n i t i v e  spernatcgonial  t y p e  . Clerrnont suggests tht 

t h e  Ad sper;;;ztcganim hzs a> : 'eqcivzlezt71 ni tcs is  and gives r i s e  t o  

e i t h e r  two Ad s p e r r s t o y x i a  OF t o  two Ap spernatogonia. Each A? 

3 0 0 3 2 1 9  
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sper;natogonia. 

On t he  basis ~f OZT e v i d e x e  ve cannot r u l e  out: the  possiSility 

of d i f f e r e n t i a t i c n  cf any p z ~ t  i cu la r  rperaa tczonia l  type  i n t d  t h e  

next  s p e r z z t q c n i a l  t y ~ e  t o  ex?lain t h e  origin cf successive spr : .a to -  

gonia. If  t5is ver2 the  case, hc:.:weT, o m  would expect t=, fir.< i n t e r -  



which we have not sezn i n  either n o r m l  or  o thewise  a l te red  t e s t e s .  

For exezt?7.e, a t  24 days a f t e r  i r r t d i a l i c n  zt 600r ,  \;.e have found 

r;?acrop:?qes trave1ir.g th rc -qh  t h e  basal l a n i n a  i n t o  t h e  tubules. 

t?e believe they pi-ck upo darnqe6 c e l l u l a r  m t e r i a l  and then  nove i n t o  

Tr the  I c ~ e r t .  i n @  S e r t o l i  c e l l s ,  hc::'ever, a l zo  a c t  as disposals  for 

dsmage5 :issue r c l c a s i q  a c i d  p h q h a t a s e  i n t o  t h e  c e l l  t o  b=leak 

it up x . 5  then acting as a t r a n q o r t i r q  zeciium f o r  the  brakcfn-up 

c e l l s  to i n t  0 t h e  Iiir.en . 
We are cu r r sF , t l y  s t  ill e x a i n i n g  these biopsies f o r  addi t icna l  

change E .  klthcugh nuch p r q r e s s  has been r a d e  ve have r e a l l y  cnly . . .  

d' 
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t h e  \:?alth of -infcrTAticn &- /a i l ab le  i n  each b icpsy ,  much of t h e  

nate-tz.1 has n c t  keen e;cazined as y e t .  . 

or  e x s e r i m n t a l  t r e z t m e n t .  

and k l l e r  

These d a t a  nave been r e p o r t e d  by P,o-~:'l,ey 
( 16 1 ( 4 )  

and RG:Qley, -- e t  a l . ,  

I n  d e s i g n i r y  o w  i r r s d i a t i o n  experirre??ts,  we have used this i n f c r -  

mation as follc::.s. All s u b j e c t s  had a c o n t r o l  biopsy.  They were  aIlcv;ed 

\- j  
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system of the  nale.  

of i c n i z i n g  r a d i a t i c n  cr injected w i t ? - i  ' izi t iatEd thynidine. 

se lec ted  X-ray dace ; ;3s sE: f f ic ien t  to t z r l ce  degsreTation of sperrn2t:sgmia 

Testes cf r ! o ~ . z l  E n  were exposed t o  s ingle  doses 

The 

- 

pre-leptotene sperT.atccytc I ( t h e  l e a s t  advanced uzaffected c e l l  ) i s  

re leased k t o  t h e  tubc lar  luzen 45 &ys fo l lcv ing  i r r a d t a t i o n .  Since 

spernatozca were abzent frca t h e  sec iza l  f l u i d  67 days  a f t e?  i r rsdiat i .cn,  

the lcngest  t r a v e l  t im of a sperm discbarged i n t o  the tuba lar  lumen i s  
. 

t h r e e  reeks ( 67 - 46 = 2 1  days >. 
3 A second gr3u3 cf Ken \.:G;s given i r l t za tos t i cu la r  injectiicns of 11 

thymidine.  Seminal f l u i a  f c r  v:a s col lec t& e v e r y  t h i r d  

day. The most advawed c e l l  k k l e c l  x i t h i n  o x  hoar  i s  the preleptotene 

spercatocyte.  T h i s  i s  released into' t?-.s lumen of t he  t c b u l e  as a mature 

sperm 46 days a f t e r  label ing.  C O ~ ~ L S  cf l a k e l e d  sperz.ato;oa ind ica te  

t h a t  t he  earliest Epern appeGred i n  tkte e j acu la t e  46 cr 47 days a f t e r  
\ 

L' 
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\-  

destructicn of s se rna topn ia  on ly .  P re l imina ry  results were reported 
( 1 7  1 

by Eeller,  et al. 4 -- 
Recovezy t i c s  vary v i t h  the  individc-al  znd v i t h  t h e  dose of 

radiat icn g i v e n .  Eelmi 100r, t h e  b e g i ~ n i n g  of r e c o v e r y  i s  no t  dose- 

dependent .  7.Ttzinir.g s r iowal  r ecove ry  sper:n count appears  t o  he 
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d.  Loydig cells 

An ob jec t ive  nethod t o  r e f l e c t  changes in b y d i g  

been needed. Secetlse t he  absolute ~ x i ? x ~  of Leyd ig  c e l l  i n  "Le 
\. ?: 

t e s t i s  cannat be ccuntc_d , ' i t  i s  necessary t o  r e l a t e  t h e  nurksr  of 

Leydig c e l l s  p r e s w t  i n  a given a e a  t o  s o m  cons tan t  s t r x t c e  i n  

the t e s t i s .  The S e r t s l i  ce l l s  have been chosen as an index of the 

nurnber cf Leydig c e l l s  p re sen t  since t h e i r  number i s  not a l t e - ed  by 
( l S , 2 3 )  

3 t r e a t r e n t  with drL3.s o r  h r m n e s ,  thejr do no t  d i v i d e  i n  t h e  zdcl t  

and they have been VJir'ely acce2ted bjt other  i n v e s t i g a t o r s  as a ccnl ' t snt  

f o r  quan t t ta t i cn  
( 21, 22 1 

( 7 )  
0 s ~  q u a n t i t z t i c n  method involves  taking nunercus p k t  cnicrc- 

graphs of s e r i a l  nect ions t h r c q h o u t  a biopsy using a 1 O X  c 3 j e c t i v e .  

Thcce ~ h ~ t ~ . ~ i - i ~ ~ ; r ~ ? h s  are  then  used a s  a guide f a r  count i r ;  a l l  t h e  

S e r t o l i  c e l l  ar.d Leydig c e l l  n u c l e o l i  w i t h i n  the phOtOgXFh3i a r e a  
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to s i x  mrmal  men, obser\vsd a several-fcld r i s e  i n  u?ir.ary testosteimie, ., 

Leydig cel ls  . An i nc rease  i n  nuzkr of k y d i g  cells was 

t r c 2 i n .  

aect icns .  

Their report vas 'cased cn a scbjective iz.;ressicn fro3 biopsy 

b!2 used our m t h c d  t o  qcsrititate LcyZig cello before sild 

, 

a f t e r  treatment t o  see if cn zc tua l  increase i n  n m k o r  was cccurring. 

Since ECG causes shrk.k;.aS=, of the t skules  frcn d q l e t i c n  of the 

germinal ep i the l iua ,  ths sc3jectivsly o5serveP ir.crease by 1 I x E x E c  and 

],'elson might hz.ve been dce t o  t h e  cxx5i;ig of the Lsydig  c e l l s  i n t o  a 

more cczpact  i n t e r s t i t i a l  iirea ( ~ince the  tGnica propria i s  e l a s t i c  ). 

!The f ollcxing taSle sc.7 .xsrcizzs tke  results cf adc in i s t r a t ion  of' 

HCG t o  six ncrmsl men c n  the n u e e r  ~f Leydig cells: 

C 
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94 

+5 

$6 
(rt. t e s t i s )  

0.67 % 0.03 0.71 2 0.62.'' 

-0.72 2 0.02 

0.42 f 0.03 

(lft. t e s t i s )  0.50 2 0.03 

4- 0.59 - C.02"  

0.77 5 0. 02''' 

+ 0.49 - 0.02.;: 

.0.52 2 0.02" 

* rm s igni f icant  change 

fi  s t a t i s t i c a l l y  s ign i f i can t  decrease 

A stztisticz1l;T .siF:if iczn'i increase 

-. The SttiZen:1s 1 1 ~ 1 1  t e s t  cas ucea  t o  an2lyze  t he  LEta ( P C.OS ).  
\- ' 

After  s i x  veeks 05 adn in i s t r a t ion ,  t t ; ; ~  zubjects shm:2d no chanse, one 

increzsed and or,e decreased. 

that t*.m sub jec ts  Eho*;.-sd i1C char.ge z.xl cne subject  decreased. 

r e s u l t s  ind ica te  t h a t  t he  changes wpre yan2cn ar,d therefor2 

adiaizis t ra t icn of ECG caused no s i F i f i c c n t  inczease i n  tk,e ncrbers of 

Leydig c e l l s ,  a ~ d  f u r t h e r r w e ,  t h 2 t  t h e  increases  reported by l'scldcck 

and ;:elscn w r e  v i sua l  c5arL;-es nc t  sc5stantiZted 3y C-LF c.q:zntitative 

Leydla c e l l  r a t i c s  a f t e r  1 6  weeks revezled 

These 

d 

nethG3. 

After t h e  v a l i d i t y  cf t he  prccekme was deaznstrated by tt.e RCG 

experinent,  we have begun t o  a??ly t h e  Leydig c e l l  cethcd t o  ms te r i a l  

collected a t  various times after iyyndiat ion.  Data frcn cne subject  

i r r a d i a t e d  wi th  600r is pi-esented i n  tho  follcoiing tab le  : 

3 0 0  i 2 2 1  
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26 days 

92 days 

0.43 2 0.33': 

0.53 0.C2' 

232 days 
295 days 0.63 2 0.03& 

1022 days 0.55  * 0.04" 

1120 days 

1253 days 

1722 days 

. 
. 0.49  2- 0.G2": 

3 0.52 - O.G3* 
.. 

0.75 2 0.05' 

0.88 f 0.03A 

0.61 -L 0.33A 1304 days 

. J  c: no significant c!iange 
'L/ 

t 

s ign i f i can t  ir.crezse above cont ro l  

We observed a s i g n i f i c ~ n t  inczezse i n  t h e  LC/SC r a t i o  by 52 days 

f olloxing i r r c d i a t i c n .  

days p o s t - i r r d i a t i c n .  A ~ 5 x 2  OCCUT'E at 1253 days f o r  the righi: t e s t i s  

and a t  1334 fo- t h e  l e s t  t e s t i s ,  scszezting a reccvery of k y d i g  cells, 

subs tan t ia ted  by the  fac'i tkt t he  gerr.iF:al epiti-,slium i 5  i n  ear ly  

recovery, v;hich t c se the r ,  v:c;xl=! inc2icz.tz t h a t  t h e  t e s t i s  i s  i n  the  

process of func t iona l  recovery. Thus fa r  four  s u S j e c t s  quant i ta ted 

show t h i s  irx-rease a f t e r  i r rEd ia t i cn  ~ ~ 5 t h  600r .  

' inis lncrease has been observe? t3rcug-n 1722 

k l t l i cc~h  a t o t a l  of 15 szk jec ts  ?:ace received C O O r  of iTrzdia t ion  

only 1 2  have s u f f i c i e n t  biopsies  taken a f t e r  90 days t o  a sce r t a in  i f  

3 0 0 1 2 2 8  



- We have been examining and characterizing the  u l t r a s t ruc tu ra l  

features  of Leydig c e l l s  i n  con t ro l  biopsies before careful ly  examining 

those a f t e r  orradiation. 

affected by i r r ad ia t ion  within two days. 

determine morphological changes of the  Leydig c e l l s  which cannot be 

Examination indicates  Leydig c e l l s  a re  

This study enabled us t o  

sfen with the l i gh t  microscope. 

3. Hornonal Objectives 

To determine the influence of any given radiation- 

produced t e s t i c u l a r  a l t e r a t ion  upon other  paramters such as: a )  urinary 

f-'. t ~ t ~ l  gcnz<ctrc?ins, S ;  u r 2 : x y  i n t e y s t i t i a l  cc?ll-sti;;lulating i, ,,: 

hcrc3cne (IC%), c )  u r i n a r y  f o l l i c l e - s t i n u l a t i n g  horiXne (FSH) , 

a .  I n  each silSject and f o r  any dose level  of 
- 
imadia t ion ,  a d i c t i r x t  x-ise 3 i n  ur i f iary CjoneSctrcpins ?:as noted. Tine 

i-ise o c c u ~ r e d  c o n c c i l t m t l y  with the f irrt denuding of the  g e m i n a l  

ep i the l iun .  The r i s e  vas sustaizcd u t i t i l  h i s t o l c g i c a l  recovery 

b q m .  
4 

Subsequer.t 1c;:ering t o  nornal l eve l s  para l le led  t he  repcpulat icn 

cf t h e  scniniferou: t c b u l c s .  

Our explzna t ion  fcr. the  r i s e  i n  gonadotropins i s  th6 t  t he  gei-..mir.al 

c ~ l l s ,  d u r i n 3  t h e i r  r,ornal comse  cf riatur6tion and devnlcsz?nt, r ecy i r e  

5 ~ ~ 1 z d c t r c p i r i s .  In t h e  a3sence of gern ina l  cell a c t i v i t y  no uti l izz?i.cn 

cccurs and ccn.seqi;e!?tly excess gonadotropins  appear i n  the  ur ine.  The (;. 

lo;.:cring of gcnadatropins occurs as the  gs rm ina l  ce11.s again beccr,e 
- -_ ___ - - -  ~ 
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- . a c t i v e  during zhe reco*..Tery perio?.  S ime  t h e  scnzdo txp in  assay i s  a 

measure of both FSH and I C S H ,  it becane necessary t o  deternine v.3ich 

gonadotropin vias m i n l y  involved. 

b. l.:easuring urir .ary ICSH on the sa~;re urine sar.ples 

revealed n3 change follc:.iing any i r radi i i t ion exposure a t  any tire during 

t h e  course of- deplet icn,  quiescent pericd,  or during g e m i n a l  e p i t h e l i a l  

recovery. -. 

c .  Wasuring urinaTy FSH revealed a r i s e  dsring 

deplet ion,  suc ta in fd  during t h e  cpiescent period and a lowering t o  

normal duricg recovery. This i n  every way para l le led  the  r i s e  a d  f a l l  

0--\ of the t o t a l  gonadotrcpins. 

rise of t o t a l  gonadotropins is due t o  the  r i s e  i n  FSH and t h a t  the  

Our i n t e q r e t a t i o n  is therefore  thEt t he  

germinal c e l l a ,  during t h e i r  perfcd of a c t i v i t y ,  utilize FSH. 

Data has been analyzed t o  give s t a t i s t i c a l  significance tG these 

observations. Th2 r e s u l t s  appear t o  confirm the  above. Four subjects 

on 8r revealed no change i n  FSH and presumably l i t t l e  or no change 

in gemina l  e p i t h e l i a l  function as  inferred from sperm counts. 

subjects  a t  the higher doses with drops i n  sperm counts revealed the  

t 

P m s e  
d 

rise.  

d .  KeasuriRg pLasrr:a ?Si confiraed those  reEult  s 

obtained f r o 3  t h e  u r i n e .  

s l i g h t  increase was seen a t  201- ar,d h igh ly  s i p i f i c a n t  increases v:e?e 

Seen a t  79 - CClOr. A t  these d o s q e s  p1asr.s FSH rcse as nuch cs four- 

1!0 change was found i n  plasma FSH a t  8 r ,  a 
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I n  o rde r  t o  eva lua te  h$ ig  c e l l  f u n c t i o n  f o l l o w i n s  i r r a d i a t i c n ,  

s t u d i e s  04 es t r ccpn ,  t e s t c s t e r c n e  and q i t e s t o s t e r o n e  e x c r e t i o n  2r.d 

p1asr.a ICSH were c3,eerved. 

e .  Estrcgen e x c r e t i c n  can be used as a r e a s u r e  of 
( 24 1 

Leydig c e l l  func t ion  fcr t h e  human male . T h i s  r e l a z i v e l y  

i n s e n s i t i v e  nethod f a i l e d  t o  r e v e a l  any change. 

t e r o n e  eva lua t ion  becane available and t h i s  was s u b s t i t u t e d  f o r  t h e  

L a t e r  u r i n a r y  testes- .. 

es t rogen  asEay. 

f .  Urinary t e s t o s t e r c n e  neasured by gas - l iqu id  

c h r c a a t q r q h y ,  revea led  a n i n i z a l  brit s t a t i s t i c a l l y  s i g n i f i c a n t  

l o z e r i n g  f o l l c x i n g  i r z a d i a t i c n .  In 1568 xe changed n e t h c d o l q y  ar,S 

began us ing  a new technique fc r  ur inary  t e s t o s t e r o n e  glucuronide i n  
( 25 1 

which t e s t o s t e r o n e  and ep i t e s tos t e rone  a r e  determined sepa ra t e ly  

Because of t h e  g r e a t  v a r i a t i o n  i n  resu l t s  we discont inued measuring 

urinary t e s t o s t e r o n e  and concentrated on t h e  plasma t e s t o s t e r o n e  assay.  
1 

. . -- 
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The f a l l  i n  ur incry t e s t o s t e r c n e  sTrd t h e  ccnccrnitant r i s e  i n  I 

ICSH s t rongly  suggests t h a t  i r r a d i a t i o n  i s  causing Leydig c e l l  f a i l u r e .  

Preliminary observations from Leydig c e l l  q u a n t i t a t i o n  r e v e a l  an increase  

i n  Leydig c e l l s  ( --- vide supra  1. It i s  suggested that  t h i s  increase  i n  

Leydig c e l l  numbers i s  an e f f o r t  t o  ccmpensate f o r  t h e i r  f a i l u r e  i n  

func t ion .  

h. Plasma t e s tos t e rone  determinat ions were ma2e 

using a conpet i t ive  p r c t e i n  binding rr,ethod. The ncrmal male con t ro l  

value obtained i n  t h i s  laboratory ( 36 plasma sanples  ) is 515 2 164  

( S . D . )  ng/100nl with a range of 212 - 896 ng/lOCml. 

sub jec t s  a t  600r and two sub jec t s  a t  20Cr i n d i c a t e  no s t a t i s t i c a l  

Data f x m  tr:o 

change i n  plasma t e s tos t e rone  f o l l c w i n g  i r r a d i a t i o n .  

a.  



c ;; 

rat v e n t r a l  p ros ta te  b i c a s ~ q  devise5 by Grzzp, e t  a l .  . A con- -- 
plete s t a t i s t i c a l  eva lus t i cn  of t h ~  ur insry  ICs2 5icassa:? dt",, using 

t h e  Tnor c lurid - Pa u l s  E;? para I l e  1- lixe technique 

potency was carr ied c u t  using the I E Y  7040 zid 7054 ccapute- f a c i l i t i e s  

( 28 1 
f o r  estirrating 

a t  the  Univers i ty  of V!ashing?cn. Urinary ICSH dz ta  i s  fx3ressed i n  

milligram equivalents of a Pergcnal reference preparat ion.  
. .  

The ICSH control  dsta have been analyzed and y i e l d  a m a n  of 

va lues  have a r , e a  of 13.11 r.g P2&/24:?r ZKI a s?ar,2sr;i d e v i a t i o n  of 

0.04. The frequency d i s t r i b u t i c n  cf scores m y  be a p p r o x i m t e d  by a 

goodness of f i t  t e s t  y i e l d e d  X 2  = - 12.5, f;:hich i s  less than the  %* a t  
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L'. 

the Ze'iector reqcr ise  of the  s a q i e  tes tos te rcne  t o  t h a t  of standard 

t e s t o s t e r o n e .  

analyses = 5% ) ';:ere evzluated by zddi t ion cf tracer arzcunts of 

trit icizcd t e s t o s t e x n e  t o  ezch u r i w  sx , ? l e  and coun t ing  a cns-tsnth 

Lczses duying precessing ( mean recovery fc? 930 

technique f o r  urinary t e s tos t e rcze  glucuronide i n  which tes tes te rone  

and ep i tes tos te rcns  vsre c'eternir,ea separately . It vas carr ied 
( 25 1 

out a t  T k  Swedish Hospital I-kd i c a l  Cente r  Cepi;rt:r;,ent of Pathology 

under the directicln of 1.2. Arthu? Olson. Eo:;.!t?ver, as rr,enttcned 22fore, 

we have discontinued analyzing urinary t es tos te rone  i n  f a v m  of plasma 

t e s t o s t e r c n e .  

e .  Plaona FSH and ICSH 

The radicir;,.riu?.cassays cf hunan p l a n a  ICs3 and FSH 

are  based on t h e  co rqe t i t i on  kt1;:een l cbe led  and unlabekci zr,tigzn s i t e s  

on s p e c i f i c  a n t i b c d i e s .  The inportance of t h i s  assay  procedure res ides  i n  
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W amoxits i n  p l a s t t c  ;alyvi.z:-s 5x3. the Isoserve C o x c r s t i o n ,  C m b r i d s e ,  

Ekssachusetts. The follc:.:ir.g r e a c p n t s  m e  then zdded t o  the v i a l '  using 

s tandard  pregaraticnc f c r  h ~ n d l i r . 3  large acounts of radioactive iodine: 

1. 2 5 h  cf a 0 .4  14 FOS, 

2. l o? \  of 2 pg of ICSH 

pH 7.8 b u f f e r .  

3 .  10h of chlorEzine I 

pH 7.5.  

or FSH in a 0.1 1.1 P04, 0.15 14 iJaC1, 
4 

( 25 r.3 in 10 nl of above buffer ). 

4. 25i, of :;a2 S235 ( 25 r.3 in 10 nl of iibove b u f f e r  ).  

Tie e n t i r e  rezc t ion  n i x t c e  i s  appl i ed  t o  t h e  exposed ssrface of 

t h e  Sephadex G-75 colunn. Z-,e c01crr.n i s  p rzpa red  i n  a $o f t  g lass  tube 

p rev icus ly  equilib-aced i n  0 . 0 1  1.i FC4 !!aCl, pt.: 7.8  a t  r c m  tcx?era ture ,  

and washed wi th  1 n l  of 2% bovine seruia albumin t o  coat the  glassware 



1 0  x 75 nln tubes i n  t h e  f o l l c a i n g  order :  

b i l f fe r  ( a s  min'iimed e a r l i e l -  ) t o  make a t o t a l  volur,e of 

t 

1. 

1.0 nl. 

d i l u t i o a  1: 400 ,C33 fcr m t i - F S H  ) . 
Conplete stzrdard dose- response  curves are  r u n  i n  a l l  asclays, and 



exprezsed as a per  cent cf .cents pe? p r f c i p i t c t e .  Z w o  per  cent is 

body. 

s p e c i f i c a l l y  ~ r a p 2 2 . J  i n  ~j'r.2 p r e c t 2 i t c t e .  

by vashing t h e  p?eci?-itz?e but t h i s  v;zs fcund not  t o  c o n t r i b u t e  

s i g n i f i c a n t l y  t o  the  pre,cisicn of the assay. 

def ined  a s  t h e  n u n k r  of c o m t s  p r e c i l i t z t e d  in tubes ccntainicg 

I n  o w  prcvioxc s t x i i e s ,  5 - 105: of icciinzted 11or;r.one t:as non- 

These ccurrts co2X be removed 
'L. I 

Cne hundred p e r  cent is 

or FSH-1311 ar,d anti,bc5y, by? n3 KnhD:JiI GF st&r.dE.rd TCSH 01' 

FSH. 

Of p l a s m .  

The r e su1 . t~  2r2 calculated i n  teras of pg of LEX-507 per 100 nl 

Each zzsay of p o l e d  p1iisr.a i s  run as a c c n t r d  reference 

along v i t h  t h e  unknGm pl3sna. 

Tne plasm. sznples cf the  seze subject: are  run i n  the  s x e  assay 

if poss ib le .  

is -1- f o r  ICSH and f 10:: f o r  FS: 

is - 31% f o r  I C S H  and -f 30"' /3 f o r  FSH. 

\!e have found t h z t  t h e  int ra-assay v a r i a t i c n  ( 2 S.D. ) 

 is inter-assGy v a r i a t t o n  ( 2 S.D.  

r m s e  techniqacs are capable of 4- 

3 0 0  I 2 3 7  



rneasurir.; bet*;:eer‘. 0 . 8  ~3 to 30 rig czsc j :  t cbc  f c r  ICs3 and between 

f o l l c x i n g  table  : 

I 
J 9.0 4.8 - 15.3 
I !  1 34.0 22 - 45. 

~ 

I I I 

I 
IPa :I Is en . -  

I I 
I 

1 

e q u i v a l e n t  v - 1 ues.  

Our p r e v i o u s  r e s x l t s  a r e  alco ccmsarablc t o  mIU 2nd I?.?-FXG i f  

convers ion  f ac t c r s  are used. 

is used, because cther  ccnversioll f a c t c r s  are  involved of which, unfor- 

tunate),? , many i ~ ~ ~ s t i ~ a t c r c  a r e  nct z-.:are. ( radioirrdnw,cxssay 1 niU L52-S: 

l-!x-cver, theFe i s  confuc icn  ‘Lf nIU of L3-937 

L -: 



I 

! 
. a  

17.5 
Ey p 02 c r!ad c t r e:, i c hypo - 

4.0 I gonadisn 

! 
! 

f .  P l a s m  t e s tos t e ro r l e  

6 5 . 5  
IFunct i m a l  p r q u b e r a l  

cast"cte syndrzxe 
t 
I 5 2 . 6  
i 

I 1 
S u r g i c a l  cas t ra te  

;Se r to l i -  ce l l -only  s y n c r c x  26. G 

121.3 

114.0 

I 
I I I 

i 
9 tn?nopaus21 s)lr,drcm 

I-Iale c l i m a c t e r i c  syrt?x:.e 
IP0-  

1 , 

of pla%a wi th  e t h e r  t h r e e  :i;nes, sl?akiyr each t i n e  on a Vor tex  mixer .  

The e thzr  phase is dr i ed  dcr:.~ i n  J. * , . ; z t c  ki t11 ct 4S°C with f i l t e r e d  air 

and the ex t rac t  then placed XI a colum chromtcgraph of Sephadex LH-20 

222.0 

111.5 

12G. 5 

4 3 6 . 0  

134.0 



and t h e  tubes  incukated f o r  f i v e  r,in.i:ec. Tne tubes  a r e  shzken fc;" cne 

ninute, t hen  cen t r i f cged  a t  4000 ~ p n  fcr, f i v e  minutes .  A 0.5 nl z . . l i q L c t  

of the s ~ q e r n a t a n t  is F i T e t  t e d  G f f  c cun t e d i n  i! 

c c u n t e r .  

s t a n d a r d  curve tu3es i s  used to Zetexiir.2 the .z.rr,sunt cf t e c t o s t e r c n c  in the  

The curve Gbtained by p ~ c t ~ k c j  cpn vs .  ng t e s t c s t e r c n e  t n  the  

running  14 C O l U m S  - s i x  d u p l i c a t e  serT.plec, one t r a c e r  co lzzn ,  arid m e  

sonically, t hen  washed w i t h  d i s t i l l e d  e t h a n o l ,  and f i n a l l y  \:aslied v i t h  

d o u 5 l e - d i z t i l l e d  I;?O. Ether u:ed in tY.2 e x t r a c t i c n  must be f r e s h l y  .. 
J 



- d L-  

in 

cuwe,  ?:?e solvent 31ank is cf:en ns: reprcducible .  

It has h e n  silggesteS t5zt t h i  effect cf the so lvent  blank be 

Tnis t h c d e lininate $ 
1 

prc j lens  . 
presents a s z ~ l l  2nd reprcdccible so lven t  blank. Siiice an accurate 

aliquct of 2.5 nl of solvent i s  collected,  it i s  possible t o  add 2 . 5  ril 

of solverit t o  ezch of t h e  tsSec of t k e  standard curve, cc_?enszting E c r  

its e f f s c t .  

range of 0 .1  to 1.5 ng tes tcEtercne,  t h e  average :4 di f fe rence  

VJi'ih 24 duplicE.t'e and t r i2 l icz te  plaszna s a q l e s  over-a 

l a rger  valcl- - smaller value 
x 100 i s  5.2;:, with a range of 

l a r g e r  value 0.2  t o  16.5:; 

I n  v:at:er blanks t e s t o s t c x n e  m s  unde tec t ab le .  fin i rd ica t icn  of 

nininun sens i t i v i ty  i s  the  detection of t e s t o s t e r c n e  a t  the  fenale l eve l  

T O O  I 2 4  I 



n ina t ions  : 

46 I-lypogcmdi sin 

' Male c l inac te r ic  , 20 8 

A female p z t i e n t  hzd E pl2sz.e t e s t z s t e z c n e  level of 42 ng/10@nl. 

Sub j e c t' 8 re c e i v  ing t e E: os t e r  cr.2 p I- c? i en 2: e have t e s t o s t e r on e 1 e ve 1 s 

1 

\- /-' 





t h e  t o o l  . .  
iv) 20 e ~ t l i z : ”  of ti;e q u m t i t a t i v e  Yesponse of 

t h e  var ious  gerninal  

approximtely  1 0 r  t o  

1 

L.. t h e  variccs g e m i n a l  

Low doses 

c e l l  t-y,zes t o  i r rECiat icn a t  doze l eve l s  of 

f o r  

( 1 C r  - IOSr > - q e r z z t o p n i a  a f fec ted  

Intcrrp,ediate doses ( 103r  - 3 C C r  )- sperrztcgenia affected a s  

w e l l  as s p x E t a c y t e s  ( kiL t?:e l a t t e r  do I I G ~  q p a r  v i s i b l y  

High doses ( 4C3r - € 2 3  )- a l l  c e l l  types are  d f e c t c d ;  

spernatiids , kc:.:2ver, a re  r?c: \:iEi-Sl.y damaged using the  l i g h t  

microscope. 

v i )  E<::alu!ation ci :he e f f e c t  of bic?sy u p n  

sperm count. 

human speraatogonia,  a first in th2  f i e l d  of e l ec t ron  microsccpy 



c. 

x )  & t e r n i n a t i o n  of dnctul-ar t r a n q o r t  time of 

cytci lasn m t i l  t k s y  c,Tear I n  iike e jacula te  

xi) Discover: t h a t  tYe morpholqy cf sperm d u r i n g  

the recovery is nsrzal,  that i s ,  the  testis cleans itself cf abnormal 

cells. 

i r r a d i a t i o n  respoid i n  a slishtly d i f f e r e n t  m n n o r ,  i.e., recovery 

nay take 1or.ger in OR? than another .  I 

x i v )  Cisccvery the? i.,u:Gns B T ~  c,niq.ie v i t h  regarc!  

tc g e r a i n a l  epithelium r e c w c y ,  as c c q e r e d  t o  o the r  mar.~,als s t u d i e d .  

occurs as with m u s e ,  r a t ,  e t c .  I n  humms t h e  s p e r a a t c g o n i a  d i f f e r e n t t a t e  

r a p i d l y  i n t o  Tnme mture  c e l l s .  

mouse , s p e r m t o S o n i a  s.;rvi,ving i r r a d i a t i c n  dz.-.age quickly rer?e:> 

Tnus d u r i n g  t h e  prscess cf depletion i n  
( 23. 1 



also &gin differzntiaticn, this phenomenon r e s u l t E  i n  a 

in recovery a t  a l l  d c ~ e s  ( 15 to 600r ). 
5 

xv) C e t c r a b a t t c n  ~f t h e  duration cf each cell 
( 5 )  

type 5y e v a l u a t i o n  of GeraiQal c e l l  c;~z.nt i "Lt ion  

i) Accunulatton cf f u r t h e r  ev idence  toxard 

, that i s ,  tKat 
( 43 1 

substan: izt -ins the " u 2 i l i z a t  ion hppotke s is If 

5onads:rc~ins a x  d i r e c t l y  r e l a t e d  t o  t3.e f u n c t i c n a l   stat^ 05 t h e  

t e s t e s .  

u t i l i z e  Gc:aSctrc?in 3 r d  t ha t  follc:.:ing c e l l u l a r  de2le ' i icn cf t h e  

This zssmes t ha t  the  g e m i n a l  e lexents  i n  t h e  teE'ies nc-ally 

t u b u l e  IeEs g c n & o t r c p i n  is u t i l i z e d .  This results i n  moTe gcnadotro2in 

z ippewin3  in the vencxs e f f l x e z t  cf . t 'he  t e s t e s ,  t h e  gcne ra l  circul2':ion 

and i n  the  u r i n e .  T h i s  i s  c m s i s t e n t  with  oar f i n d i n g  t h a t  tct~l gcnzdo- 

t r o p i n s  a re  increased  as the germinal epirhcl icm i s  denuded fo l l cx ing  



-. fol lo ,c lng i r x 2 i a t i o n .  

i v )  Leydig c e l l  f czc t ion  c,,ppearE t o  Le de-,ressed 

dose l eve ls .  
-, 

This n a y  ex21zin t h e l r  response t o  t h e  elevated endogEnc'cls ICSd. 
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