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A .  CZIGIi2.L 0 3 C C T I V C S  

Ir, the  i n i t i e l  g ran t  rcquezt  \:.e pro2czed t o  apply known 

m o u n t s  cf ior,iz5nG rz5-k:im d i r e c t l y  t o  t h e  t e s t e s  cf normal men i n  

o rde r  t c  s5czxa3r l  52cc i l i c  cy?cdc;ical and hormonal information. With 

respect t o  t h e  c y t c l c z i c z l  in fc . rza t ion ,  we proposed: (1) t o  determine 

t h e  exact r Ic tcx  of t 5 e  cytological de fec t  produced i n  t h e  development 

of t h e  pxr.irs1 e 2 i t k e l i u z  and t o  r e l a t e  t h e  ex ten t  of t h e  de fec t  t o  

d o s q e  and t i r . c ;  ( 2 )  t o  f i n d  t h e  nir,inal dcsage ( and thereby 

d e t e r z i n e  c‘zzagi tc;7,c.?cncr ) t h a t  w i l l  a f f e c t  t h e  germinal epithelium; 

( 3 )  t o  deterz-ke the tirr.e ~f recovery f ron any given dosage; (4) t o  

d e t e r a i n e  tl-,e r . i r i i rc1  dcsaze ? h a t  le&s t o  permanent damage of spernato- 

genic  c e l l @ ;  ( 5 )  tc dr . terzine t h e  s i h t a n e o u s  e f f e c t s  of any dosage 

upcz Leyd is CE 11 cjrt r.lczy. 

Glith r e z ; G s  t c  hornonal i n f o r r d t i o n ,  we proposed t o  de t e rz ine  

t h e  inf luence  cf any s iven radiation-produced t e s t i c u l a r  a l t e r a t i o n  

u?on o ther  FarGzcters  such 2s (6)  t o t a l  gonadotroptn and (7)  i n t e r -  

s t i t i z l  c e l l - s t i rnu la t in s  h o r n m e  (ICSE) excre t ion ,  ( E )  es t rogen  

. .  

e x c r e t i c n ,  and ( 9 )  androsenic hcrnone excre t ion .  

B. A D D i T I O I 3 L  OEJECTIVZS A I D  C.%h’GZS IN TECHKIQUEk 

As t he  work pro,-ressed and as s w g e s t i o n s  were made by t h e  

A d v i r c y  Coxi i t ree  of t h e  AEC ( meeting i n  S e a t t l e ,  November, 1963, 

Dece;nbc, 1955, Ihrch ,  1967 an2 Dscexber, 1957 ), s m e  parameters 

were a5Ccd and c c m  dro2ped. 

l O b b 4 8 O  D O E I H Q  
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Su3requen:ly iz v:cs p r q o s e d  t o  ezF?izsize the  de l inea t ion  of t h e  J 
cy to log ic&l  6r5ec t  : by ciuznttzGti3g t h e  number of recognizably damaged 

per icd ( the  f.irzt 4G days ); and by zssess ing  the  problem of spermto- 

Sonia1 rene-zal ir ,  m a .  

Cytoseneticc K E ~  intro5uced as  a new parameter i n  order  t o  

harves t  t f i E  ~.rc::ezt i i ~ a r ~ ' ~  of inforrxcion from the  coritinuiry inves t -  

i g a t i o n .  Zie F C ~ E . ;  cf t he  cytoGene'Cics was t o  analyze chromosoml 

abnormi l i t i es  f-cllc-..--h-.; i r r a f i z 2 i o n  during meiosis and during mi tos i s ,  

i f  poss ib l e .  

Early ir, thr- ic=.czt igar ian we observed a r i s e  i n  t o t a l  u r ina ry  

gonadctropins f s l l c ~ - i n ~  ~ r i y  raiit;:ion dose causing denuding of t h e  J 
germinal epizhel  i r . .  Ccnccrrently no 'change i n  ur inary I C S H  was 

obcerved. I n  o - ~ - -  t c  co>firzi which gonsdotropin was involved w e  

began n e a x r i r . 5  L : - ~ . E T ~  FSH separat ,ely using t h e  Steelman-Pohley 
( 1 )  

assay metho2 . Tine objec t ive  vas t o  a f f i rm whether t h e  germinal 

ep i the l iu r ,  u t i l i z e 5  E X ,  since ur inary  ICSH d i d  n D t  change and 

ur inary  t o t s l  Scza5stroptns increased. We have begun measuring 

plasrza FSH by racisitxxmoassay. 

and add t o  our data obtained f ron  ur inary observations of FSH. 

This method has enabled US t o  confirm 

Since 

observaticns on the red u c t  i on of i n a ry  t e s t  os terone s ugge s ted  t h a t  
c -  Leydi5 c e l l s  were Erzected by rad iaz ion ,  additional parameters were 

added t o  measure This e f f e c t .  These included quant i ta t ion  of Leydig 

'\ 
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terone 

u l t r s s t r u c t u r e l  sz:udy of Leydig ceLk is undermy to detern ine  any 

u l t r a z t r u c t c e l  cfm,-es i n  m q h z l y y  of these  cell5 following 

i r r a d i a t i o n .  

t h e  nappir.; of reictic ( pac>ytene ) chronosones i n  order  t o  e s t a b l i s h  

a bas i s  f o r  the  c v ~ 1 ~ a t i c . n  of i x a 5 l E t i o n  e f f e c t s .  l ie i ther  su f f i c i en t  

p rec i s ion  n3z quezz i ta t ive  c k z  r e su l t ed .  

parane tere  or chx------ ..~z-..lGl brezks , bridging, t r ans loca t ion  and other  

Observing t h e  usual 

g ross  chrcz.csar.El Cefsccs ccr,fir;rlesl t h a t ,  i n  m n ,  as . in other  species, 

r a d i a t i c n  ~t eac5 Gcze l e v e l  ( inciucing iOr ) caueed damage. 

nothing ne\:' was teii-,: revesled,  and f c l loxing discuesion with t h e  

SGce 

AEC Advisory Ccx.i::ee t e z . ,  ( SeEt t l e ,  March, 1967 ), t h i s  approach 

war abandoned. 

Tine s w e  ccc:,ittee, being in t r igued  with t h e  f ind ing  of lowering 

of urina=y tes tosrezone values fo l lox ing  i r r a d i a t i o n ,  suggeEted t h a t  

metabolic de fec t s  i n  the testicular production of t e s t c s t e r o n e  may 

be involved. 1: wzs prcpcsed that studying ur inary pregnanediol and 

pregnanecriol  might yeveal t h e  metabalic defec t  as was found i n  ratE 

by 3 e r l i n e r ,  e t  a l .  

Fin?ing.no chanpe,thiz p u r s u i t  has  also been abandoned. 

. Hence these  two p a r m e t e r s  were measured. 
( 2 )  -- 

I O b b 4 0 2  
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1. c C* d. *l,i e c t s  irradiated 

Seven E::: C Z Z E  ~:??e i r r a d i a t e d  again f o l l m i n g  ccmplete recovery 

fro3 che i n i t i E L  c s r - - -  &=-. Of t hese ,  t h ree  received t h e  i d e n t i c a l  J 
dossge SI: each ci :;.Y cccasions,  t h r e e  received twa d i f f e r e n t  dosages, 

znS cne receii-ec' t?::-ce o i r r e r e n t  dosages. Each dosage i s  l i s t e d  

se?a?ately abo\ie. A11 proposed i r r a d i a t i o n s  have been completed. 

..LC 

1:u:Ser of s u b j e c t s  i n  V?IG~ bio?siez werz avoided fol lowing 

1:unbr of subjects i n  ~d-~on  biops ies  were avoided only during t h e  

f I r r t  90 dzy cell de?le t ion  period following i r r a d i a t i o n  ------ 

I O . b b 4 8 3  
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]::rAer of sc3 jc -c :~  ?-,z~iz; hz5 p r e - i r r c d i a r i c n  vasec tonies  ---------- 12 
]:u:ter of sz5jecZr vcsecto;;.ized Lefsre r e l e a s e  ..................... 42 

J;urhr cf s Z 3 j e c t s  nc? vasecEonired bef cre  r e l e a s e  ----------------- 0 

Kmber of subjeczr t+.3 r e t r n e 3  t f t e r  r e l e a s e  b u t  before. . 

recovery W S S .  cc.l;;ltte5 bn=l i?.e i n v e S i g g t i o n  continued -------- ' ,  5 

For each prcr..c;ter s tudied we have found t h a t  each subjec t  

must cerve as h i s  c:.~ con t rc l .  This has been confirmed as results 

have been analyzed : t a t i s t i c a l l y .  Moreover it has been ez t ab l i shed ,  

upon s t E c i c t i c a 1  bases, t h a t  t h e  n u d e r  of c o n t r o l  observa t ions  necessary 

f o r  'each paranezer  w i l l  depend la rge ly  upon t h e  na ture .  of t h e  parameter.. 

For  exariisle, a c i n z l e  c s n t r a l  t e c z i c u l a r  biopsy ucua l ly  s u f f i c e s ,  whereas 

a rrdnimm of 18 contzo l  serial weekly sen ina l  f l u i d  examinations a re  

necessary t o  e c t a b l i s h  a base l i n e .  

Fcr each nerhz:P of analyEis a=! f o r  each approach much t i n e  and 

e f f o r t  has thcyefcre  been devoted t o  d e l i n e a r i n g  t h e  l i n i t s  and 

I O b b 4 8 4  
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6) 
J 

vzi r iGt ims  of t h e  1;3rrzl physio1c;y cf reproduction. As a r e s u l t ,  

ne:: nethods of- qp rczc f ;  k 1 - e  been wrked out and new phys io logica l  

p r i n c i p l e s  have > e m  uncsvcre;! cz x I ' e  p rec i se ly  defined. 

As a conceqxnce ci Chis a t t s n t i c n  'io t h e  normal, many of ou r  . 

i n i t  L L ~  publiczr io3s d e a l  wich sucfi problems. 

t c s t i c u i a r  bic2sy: 22r5 ica l  crocedure, f i x a t i c n  and s t a i n i n g  technics" ,  

Rc,cley, E. J. a>< !%lie=, C. G . ,  F e r t i l . . S t e r i l . ,  1_7:177, 1966 

C x a q l e s  ar2 : "The 

( 3 )  

"Ezcreaces ir. ~pcr r ; .  concei-zxrion due t o  t e s t i c u l a r  biopsy pr'ocedure 

i n  nan", Rcxley, 1.:. J . ,  O'Keefe, K. 3. and I ie l ler ,  C .  G . ,  J. Urcl., 
( 4 1  - 101:347, 1969  . ' 'HU~.Z?  spematogenesis:  An est imate  of t h e  

- duracio2 of each c e l l  a r soc ia t ion  a d  of each c e l l  type". Hel le r ,  C. G . ,  

He l l e r ,  G. V. a n i  RcLey,  1.:. J . ,  Prcmesz i n  E n < o c r i n o l q ,  111 I n t e r -  

n a t i o n a l  Ccngrez E of Enfccrlnclc,-), , Excerpta Medica I n t e r n a t i o n a l  .. 

S e r i e s ,  184,  1012 . %cation of t r a n s i t  of zpermatozoa through 

t h e  h u x n  K a l e  duct t2ar  systemf1, Rok?lcy, M. J . ,  Teshima, F. and 

He l l e r ,  C. G . ,  r e r t i l .  S c e r i l . ,  - 21:390, 15170 . "A method f o r  t h e  

quan t i f i ca t ion  of Loydig c e l l s  i n  man", Hel ler ,  C. G . ,  L a l l i ,  M. F.,  

Pearson, 3. E. and Leach, D. R . ,  J. Reprod. F e r t . ,  25:177, 1971 

"Tne u l t r a s t r u c t u r e  of four  types of hman spermatogoniaTt, Rowley, 

El. J. and Hel le r ,  C. G . ,  2 .  ZeUforzch. ,  - 112:139, 1971 . " w a n t i -  

t a t i o n  of the  c e l l s  of t h e  seniniferous epithelium of t h e  human tes t i s  

--- - 

( 5 )  

( 6 )  

( 7 )  
- 

( 8 )  

mploying  the  S e r t o l i  c e l l  ZE a constant". Rowley, M. J. and Heller, 

C. G . ,  2. Ze l l forsch . ,  115:$61, 1971 
( 9 )  

- 
>.acther d e v e l o p e n c a l  aspect , ~ e g a r d i n g  t h e  r ad ia t ion  p r o v a n ,  

t::.es t o  solve t h e  prcblen of de l iver ing  a s  uniform 

as pozsible  t o  e l l  depths of t e z t i c u l a r  Cissue of 

an amount of r a d i a t i o n  

both t e s t e s  withcut 

I U b b 4 8 5  
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thcz  uiiifcr-r..ity fro3 sc.33 ft:: to subjec t  could be established and 

of ( o r  ~-;:k.-sr5 ) chie ld ing  p ro tec t ion  t o  t h e  subject  'I body. 

A :-k.ple pc r t c3 le  b=rx t.zs deEigned by Peter  Wootton ( p h y s i c i s t  ) 

t h c t  E U G , ~ ? ~  t!.c s c r ~ t u r .  and t e s t e s  t o  drog i n t o  a p l a s t i c  box of 

The tubes d e l i v c e S  macure:! arilounts 05 known q u a n t i t i e s  of i r x d i o t i o n  

t o  The two s?r .cxeL - tes.t'ez s i m l t c n e o u s l y  from two d i r e c t i o n s  without 

( o r  wirh  t h e  ccsc r.ini:.zl ) exposure to the p e l v i c  region. This has 

beeri rumar izeC BS T r I E  e f f e c t s  of graded doses of ion iz ing  r a d i a t i o n  

on t h e  t e s ? i c c l z -  furtcri:.r! of man. I. A portable device fur delivery 

Wootton, P. an2 EEller: C. G . ,  and i s  unpublis5ed t o  d a t e  

The accurzq.* c4 c c l i v e r y  of t h i s  X-ray i r r a d i a t i o n  device has 

been ccnfirned 5,- F?'iy'ical a s  well a s  b io log ica l  dosimetry. The 

p h y s i c a l  check \..-cz seen by a team from t h e  Hanford Washington AEC 

group under t he  Eupsrvision of D r .  W i l l i n  Roesch. The b i o l o g i c a l  

' 

check wzs run by D r .  Scgene Oakbers, OEkridge, using we l l  s tandardized 

male mice. %eze were rcbmezged ( i n  s p e c i a l l y  designed conta iners  ) 

i n t o  t h e  p l a s t i c  box i n  t h e  came pos i t i on  as t h e  s c r o t a l '  tes tes .  

were expesed t o  a s i n i k r  z e r i e s  of sraded doses of r a d i a t i o n  as t h e  

s u b j e c t r '  t e s t e s .  ~ n e  r e s u l t s  were conparable t o  similar Ecudies a t  

Oakridge, Zerkeley , En?  1.:. I.?. , end v e r i f i e d  t h e  accuracy cf exposure. 

They 

c 

- 
L 

l O b b 4 8 b  



See fcx-t'n Y e c r l y  P = c p ? s c  Report for d e t a i l s  ( 1966-67 ). 

Our pas t  d a t a  has h e n  s t a t i s t i c z l l y  evalusted with the view t o  

adding cbrerv6t5.c:z t o  eacfr paramezer, where required,  i n  o r d e r  t o  

assure a s z E t i c z i c z l l y  acccptz:ble r e z u l t .  For example, i n  o r d e r  to . 

consolidace infcrza2ion rcz.arding hcrnonal chwges r e s u l t i n g  from 

X-ray ex?osu=.e to t h e  t e s t e f ,  a lot: (er), a mzdium (78r) and a 

high dose ( € 2 2 ~  ) m r e  se lec ted .  It was decided t h a t  ur ine  

coll2c:ic.nz fc:. ' h c x a n a l  n a l y s e s  r x s t  be nade i n  e ight  day pools 

repeated sZx t i r e s  c3~riq rhe  c o x r o l  period i n  order t o  e s t a b l i s h  

a s t a t i E t i c c l l y  v z l i 6  baEe l i n e  f o r  each Eubject f o r  conparison wi th  

pos t - i r ra2kt i sz  r e ~ u l t s .  The nur.ber. of Eubjects per dose and the 
\ 

number Cf were a l s o  pre-determined. Some 

of the  sru;?iez ?.z-:e b e ~ z  cczs le ted ,  cthery a r e  current ly  being 

p e r f o x e d  and c t k 2 r s  a-e  p x j e c t e d .  
d' 

i n  the exid, we expect: t o  have a ' 

. . - .  s t a t i s t i c a l l y  EiFairlcarrt i n s igh t  i n t o  t h e  hormonal changes. With the 

same have E irnilar ly appl ied s t a t i s t i c a l  analya i s  to 

our g e m i n a l  ar.3 L,e;*diq c e l l  quan t i t a t ion  and sperm count eva lua t ions .  

C. TO ORIGIIfALLY STATED 

OKIECTIVZS A;.?) PLX:S FOR COKTINUA'ITON OF PZSENT OBJECTIVES. 

1. C2yrtclog'lcE.l Objectives 

a .  Objective: RTo determine t h e  exact na tu re  of t h e  

cytolqica:!  de fec t  pmduced-in t h e  development of t h e  germinal 

e p i t h e l i u n  and t o  r e l a t e  t he  ex ten t  of t h e  defec t  t o  dosage and t ime." 

I n  t h e  f ollo:.?ing diecussion dcca'ge has been divided i n t o  rrlowfl, 

"irze-r~ediate ' l ,  and "high", acccrding t o  t h e  cytological  responEe 

e l i c i c e d  by expcsure t o  each docage .  J 
DOEIHQ ' I O b b 4 8 7  
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c -  Ln: d a z q ?  c r r e c t s  ( 10 - l O O r  ): Exanination of s e F i a l  

t e s t i c u l a r  biopcies  fo l lov ing  expcEure ' t o  i r r a d i a t i o n ,  revealed t h a t  

Lhe :perTzyczxia mi'e p r i r z r i l y  a f fec ted  , and t h a t  more mture c e l l s  

were allovc5 t o  cczp le t e  n o x a l  developnont. The oGert damage t o  the 

s ? e r n t r o p n i a  vas reveEled "yjl pyknosis and other signs of degenerat ion.  

Zie conccalc-5 2cz.rg-f t o  czt;err:li,ce normally appearing q e r n a t o g o n i a  

& 

becare o v e Z  E :  r e v c ~ . l e <  by t h e  f e i l u r e  of the cells t o  undergo 

rnitcsi5 and Frc.fzce F x l e p z o t e n z  spernatocytes.  

( f o r  dcsagec of lOOr 07 l e s s  ) t h e  pre lep ta tene ,  other spermatocytes 

and the  sper;r,aties f a i l e ?  t o  r e v e a l  e i t h e r  over t  or concealed damage. 

Tne l a t t e r  v.zs '6e2ucc5 frcz t h e i r  a b i l i t y  t o  undeygo development and 

A t  t h e  same t ime 

'L, norm1 mi tare  s-,err:zrorca a d  r o  appear i n  t h e  e j acu la t e  as normal 

sperziatoioa i n  r egc r5  tc nunbers a s  well  aE morphology. 

lep to tene  sperrs tccyrcs  v 2 ~ e  not replaced by t h e  spermatogonia, 

hmever ,  t h e  p-cSEct-ic:i of sperm ceased when depiet ion was completed. 

Thuz t h e  t h r e e  cazeqaEnces of doze i r r a d i a t i o n  a re :  1) denuding 

of t h e  germinal e ? i t h e l i u n ,  2 )  darniige t o  spermatogonia, and 3 )  reduct ion  

of nwr3er of sperin i n  t h e  e j a c u l a t e  t o  azoospermia a t  the  lOOr dose. 

To evolve these  conclusions s e r i a l  t e s t i c u l a r  b iops ies  were 

oytained a t  i n r e r v a l s  of four t o  s i x  hour:, 16, 2 4 ,  40, 46,  60 and 72 

days f c l i c v i n g  i z r z d i a t i o n .  The germinal cells were s t u d i e d  by l i g h t  

ricrc~cc?y. 

te:ti$ wz.5 a f t e z  46 day-.. 

Since t h e  pre- 

Tne first time of viEual iz ing t o t a l  deplet ion i n  t h e  

This i s  exac t ly  the period of t i n e  needed 

I O b b k 8 8  DOEIHG 
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t o  r i x  hzuzz. Tiie g o r a i n a l  c e l l s  dacage5 a t  t h i s  t i n e  were t h e  

sFerimtogoni5. .  The ti l ike of :he f i r s t  effect‘ of X-ray a s  rqvealed 

by zhe Eenirzl  f l y i d  \:‘tz a f t e r  4 6  days. Tnis is accounted for‘by t h e  

ncrnal deve1c;rent of zperzatocytes ( -46 days ) .plus / t he  t r a n s i t  

t i n e  ( 27, de;,? ) 2Lrirlc t r a s p o r t  of sperm through / .  the  duc tu la r  e 
system t o  t k e  ejzz:la:e. 

67 aays.  

Esncz azoospermia was not revealed p r i o r  t o  

.. The interno=iE:e e2sa5es of X-ray i r r ad ia t ion  ( less than 400r, 

grea te r  t h c :  1 G 2  ) c ~ t ? e  dezcnoration i n  an addi t iona l  group of cells,  

t he  rpcr rzzocyres .  .I:, canzrzzt to t h e  lower dosages where the  spermato-<- ‘‘l 

cyres d e v c l q  r!cr:.~Lly, zt intermsdiate doses, thes’e ce l l s  a r e  cover t ly  2 
injured and n 3 t  a l l  a r e  al1c::ed t o  proceed through normal maturation- 

d iv is ion .  A: a r e : z l t  z2erc:atids arising from i r r ad ia t ed  spermatocytes 
, 

a=.e decrcazed i n  amber. 

SperrzzcgCaia are overt ly  i n j u r e d  and t h e i r  numbers a r e  decreased 

even more t h a  ~t t h e  1 o : S : : e r  doses. This ult imately r e s u l t s  i n  a 

longer recovery E i r e .  Tnerefore, we have found tha t  a t  intermediate 

dosages of between 103 and 400r: 

1. Speriikatqonia show overt  damage but no decreaEe i n  numbers 

within the  f i r s t  24 hours. 

2 .  Sperxtocycec a r e  covertly affected and degenerate while 

proceedins t k r c z z h  rrz::ura::im-division. 

.J 
I O b b 4 8 9  
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ina?e ly  G7 dsys. 

5 .  'l3e scs ina l  f l u i d  fails t o  revea l  the reduct ion  i n  norna l  

spercacid n x k r s  euzing the  f i r s t  46 day5. This i% possibly 

acccunted foz  bji t h e  t i c e  of res idence of - , . .  spermatozoa i n  the  duc tu l a r  
( 4 )  

sysre;;.. 5iiz var iez  fro3 one t o  21  day$ . Thus mixing of 

gcnerscicns of z;~rr ,z tosc~ LEY obscure the  reduct ion i n  t e s t i c u l a r  

prozluctim of qe imatozoa .  

Hi95 dcses ~f i r r a5 ia t ion  ( 400 - 600r ) y i e l d  a f u r t h e r  response.  

. A l l  c e l l s  cf the SErr.inal sez iez  a r e  injured.  

speraztocyces a r e  overr ly  darzgeC and spermatid$ are cove r t ly  damaged. 

The addic ionz l  Cz.;;qe .to s p e m a t i d s  ( revealed by q u a n t i t a t i o n  of 

Spernatogonia and 

L 

ger;r,iniil c e l l s  sa2 zptzrn'cmnt ) and the  overt  zpermatocyte damage 

a r s  fou rd  only i;z t h i z  high i r r a d i a t i o n  dose. As a r e s u l t  of the 

Eevere decinszion of c e l l  numbers p r i o r  to 46 days,  t h e  sperm count 

also  f a l l s  sharply pFior t o  46 days. 

i r r a d i a z i o n ,  400r and above, we have found: 

Thus, a t  high dosages of 

1. 

2. 

S p e r r z z s c n i a  and spermatocytes a re  overcly damaged. 

Spernat ids  a r e  cove r t ly  damaged as revealed by q u a n t i t a t i o n  

of t e s t i c u l a z  cytolorjy and sperm count and morphology. 

3.  Sign i f i can t  decreases i n  a l l  c e l l s  of t h e  germinal ser ies  

a=.e o5scve . j  p r i o r  t o  46 days. 

J O b b 4 9 0  DOEIHQ 
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(9 
J . 4. A s i g T . i f i c a t  decrcass O C C L I ~ I  i n  sperz  count prios- t o  46 

days.  

S. Tne s p e x  count fails s 3 ~ ~ 7 l y  t o  amospernia and stays 

6. Tnc fi:st v i sua l izaz icn  of r p e r n a t o p x i a l  degeneration was 

16 minutes afz e:- Tne ob5 ex la t ion  s were made ultra- 

$:e conclude frcz. t?-,e cczbinat icn of norphDlogica1 and quant i -  

t a t i v e  da t a  f r m  a l l  do-cages thst t>,e s3ermatcgonia are t h e  most 

r ad iosens i z ive  c e l l  types En2 q e r r z t i d s  are probably t he  most radio-  

r e s i s t a n 3  cel ls .  O c r  ccnch5icns  are s m r i z e d  i n  the  fol lowing 

t a b l e  : 

Spcrrci: o,-cnie Sprna:  ocyt e E Spernatids 
I 

r-- 1 r- -.- ’ -  7 - 1  

Radiat ion Ad Ap B R L z P Sa Sb Sz Sd 
D3se (r) 

10-100 + + + 0 0 0 0 0 0 0 0 

200-300 + + + 9 @ 8 @ 0 0 0 0 

400-600 + + + + + I - +  + + + Q @ Q @ 

Where: 0 ind ica t e s  no e f f e c t ,  .t ind ica tes  marphological change, 

++ ind ica te5  p e a t e r  ck,ange, and @ i nd ica t e s  

i . e .  , “covert  damage. 

possible danage but - no o5servak le  ncrphological change, 

I O b b 4 9 1  D O E I H Q  
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scr ik inz  aspect cf p h i s  dst-a i s  t h a t  c e l l s  l i t e r a l L y  next  t o  
f7 
L... . 
L 

'L 

etch c t h s r  l s r h  i n  develc;zent and s p a c i a l  plzcemenc within t h e  

t c3u le  k v e  Euch di2feren: r ad io res i s t ance .  For i x c a n c e ,  t h e  t y p e  

5 s;cr,E;czjczicz is the moei: r ad iosens i t i ve  c e l l .  

it ( t h e  k3 and P.p ) are a l s o  rad iosenc i t ive .  However, t h e  c e l l  

arising frsz :he 5 s?erzz:oGoniuc, zhe preleptocene spermatocyte, 

r equ i r e s  tert-foLd the e t , " ~ ~ l t  of X-ray i r r a d i a t i o n  t h a t  t h e  B requires. 

to be darsged. 

between tho pircl;)*zenc q e r a a c o c y t e  and the  Sa sperrrdtid. 

c e l l s  a r e  G;djacent bcrh d e v e l o p e n t a l l y  and ,paciaI ly ,  y e t  t h e  

s p e r x t i d  reqaiz-es fot?r t i m e  t h e  mount  of r a d i a t i o n  t o  be damaged. 

Tngs t he  s;ex.ztide ere  $0 times 2 s  r e s i s t a n t  t o  i r r a d i a t i o n  damage 

as a r e  t h e  s y e r z a t o p ? i a .  

The c e l l s  preceding 

The next major d i f f e rence  in cell r a d i o s e n s i t i v i t y  is 

Again these  

I n  t h e  FEE;: year v e  have completed all proposed i r r a d i a t i o n s  of 

subjec t  E have Bil  o u t l i n e  of t h e  cytological, de fec t  i n  r e l a t i o n  

t o  doze and tiix. Lt p=esent we aTe analyzing the  e f f e c t s  st various 

daze l e v e l s  5n c x k r  tc have s t a t i s t i c a l l y  v a l i d  doee-response curves 

f o r  h i z t o l c z i c a l  quantitat ion and sperm count. 

b. Objective : To f i n d  the  minimal dosage t h a t  w i l l  

zffec: the gerrdnal  e?l"celium. 

The f o r e ~ s i n g  dircns5ion has revealed thaz  cy to log ica l  d e f e c t s  

were o h e r v e d  a t  csny dose l e v e l s .  The minimal dose l e v e l  that 

pro5uces a z m q e r r 5 a ,  f o r  .exam?le, i s  100r .  Marked oligospermia was 

prc5xeZ  fol lowin9 i r r a e i a t i o n  doses of 7 8 r  ( seven s u 3 j e c t s  Etuc?ied ) 

End 5 3 r  ( foo r  subject2 s tudied ). Spern counts were decreased from 

l O b b 4 9 2  D O E I H Q  
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#-Q 
.J 

n z r d  t o  circc 2 m/cc it: each cf. t h e t c  eleven subjects .  

o l ig s spe rn ia  VZE prr lcced a t  20r ( eight subjects ) arid 1 S r  ( one 

Eaderate 

sub jec t  ). 

- el. On t h c  h ? ~ i ~  0: LJ.e e f f eczs  u p m  sperin counts,  t e s t i c u l a r  

cytolocy, sr,d hcr:n:l r t u d i e s ,  t h e  SO and 78r subjects  can be grouped 

i n  a s i n g l e  dosage c l a z s ,  and t h e  15 ,  20, and '25r  groups can be 

concolidated 2: ~ ' s v l n g  G s ing le  b io logica l  e f f e c t .  

Of t he  t h x e  r e c e i v i n z  lor, i n s u f f i c i e n t  seminal f l u i d  da t a  

( o r  none ) V E S  clmiine6 b e c a s e  of:  1) sudden paro le ,  2 )  p r i o r  

vasectozy az6 3 )  cnfi eu5ject V J S S  subjected t o  t o o  frequent biopsy 

opera t ions  t o  be cqrzzin t h a t  t h e  f a U  i n  sperm count was indeed due 

t o  i r r a d i a t i c a .  

Of t he  f c r  receiiring er ,  tm  fa i led  t o  revea l  a drop, i n  sperm 4 

count a n i  tm retieale5 a a i n i E l  or equivocsl drop. I n  t h e  latter /' 
two t h e  drc? E: k r t  m s  t r a n s i e n t ,  however, t h e  lowest an t i c ipa t ed  

po in t  in t i c e  fcr these subjects occurred during the r iots  a t  t h e  

Oregon Stzte Pe:,i?e:,tiary, and no obssrvations were poss ib l e  during 

t h i s  c r i t i c a l  p e i c d .  

I n  t h e  er .$~aup, t e s t i c u l a r  bio?Eies were avoided i n  order t o  

Of t h e  three  rece iv ing  lor, observe llpurell zezi i rd  f l u i d  e f f e c t z .  

only one had s e r t a l  biopsies  for cytological  study, another had 

. bicpsien f o r  chrcnczoml  study only. The cy to logica l  Etudy, however, 

did r e v e a l  i r r e d i a t i c n  induced changes. 

Assurr,ing "no change" i n  sperm c o m t  fo r  t h e  four Eubjects 

r ece iv ing  e:*, doe: not ru le  out the  p o s s i b i l i t y  of t r a n s i e n t  or 

. I O b b 4 9 3  
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c 
L . .  ninlr.Zl cytGl3gicGl d n z g e .  Tnc l a t t e r  could be obscured i n  t h e  

serninal f l u i d  znz7;ciE due t o  mixing of generacions of Eperaztozoa 

during the 21-dq-  c rans i t  t i n e  through the ductuliar apparatus.  

The s t a r u s  cf Y h e  n in ina l  dosage a f f ec t ing  cytology11 t hus  i s  

t h a t  i r r a 2 i z t i c z  2zzcr sz low as  10r r e s u l t  in-damage t o  t h e  germinal 

q i t h e l i u z ,  i n  cne inEcsnce, and doses of 15,  20 and 25r r egu la r ly  

r e s u l t  i n  t i z . - q e .  

r e q u i r e s  I z E a g e s  t3 szudy bozh Eeminal f l u i d  observations and 

teEticu1T.r S;',o?ziec t~ rcre  c l ea r ly  define t h e  minimal dose of X-ray 

i r r a d i a z i m  t o  tf.5 FI:T.LY t e s t i s .  

c.  

\!e n w  have added the  add i t iona l  subject2 a t  t h e  

E f e c t i v e :  "To determine t h e  t i n e  of recovery 

fron any given dcse.': 

L Recovery t im  is b e i q  determined using t w o  pararr.eters: sperm 

comt an:! t esz icc lEr  cj*tology. 

t h e  firs: a ; p e r ~ ~ . r ~ z e  of spermatozoa i n  t h e  seminal f l u i d  ( i f  t h e  

sub jec t  m s  a t  z z c z q e r n i a  1 or  the  first increase noted ( i f  the  

s u b j e c t  was olisasrerzic ) and t h e  first resurgence of maturation of 

the  speriz&cogmiEl cells of the  t e s t i s .  

The t w o  endpoints being appl ied are 

. We a r e  ?in2inT a large dichctomy i n  the s t a r t i n g  time of 

t e s t i c u l a r  recovery versuz the increase i n  seminal - f lu id  s p e m  count, 

no:t pronouned a? t he  intermediate and high doses. 
c 

Beginning 

t e s t i c u l a r  recovezy precedes the  appearance of sperm i n  the  seminhl 

f l u i d .  

Tne sta:us cf t h i s  aspect of the  inves t iga t ion  is at t h e  

co=;letizn of t 3 c  p-oSing stage ,  which 5a-. revealed the d'ichotony 

1 0 b b 4 9 4  
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mentimed zbove.. 

t h e  germinal c e l l s  is im; c ; J y  a roush approximation. Nctr t h a t  the 

t i z e c  t h c t  b i c i z i e s  ~ k a u l 5  t.0 c5tziz:Ed fo r  a given dose t o  y i e l d  the 

naxirr.el infc.rsi t io;;  i s  bettEI' u.ndeFStOocl, we can cbtain precise d a t a  

I'cnce tl-.e :irZrIg of the b q i n n i n g  of recovery of 

on recovery. 3Tl:c a b w e  v i i l ,  of course,  apply as well t o  t h e  

Of Of t h e  inves t iga t ion  up on 

J 

c y t o l c 3 i c a l  ret=.* hive ;;E?: t he  riu3Ler of observations minimal. 

Tinese s re  thac i n  a;p-oxiczzely crLe-tIhalf of the subjec ts ,  b iops ies  

have been avoid& i:, C T ~ E ~  n t t  t o  i n t e r f e r e  with sperm counts.  The 

second reason,  

from t h e  poinc 

a t t r i t i o n  ra te  

i s  th5.t r.c. r.Etter hov c a r e f u l l y  a subject  is s e l e c t e d ,  

of v i w  c5 Z < ~ I E  to be served in t h e  p e n i t e n t i a r y ,  t h e  . 
,. L" 

a f : ~ ?  :=.e y e a r s  is extremely high.  A t t r i t i o n  i E  due t o  ( 1  
I 

unexpeczed parooxs CL. ; z . z ' c ~ E ,  t r a s f e r  t o  t h e  Forest  Camp, v i o l a t i o n  d 

of pr i son  r q a l a : l c z c  a 2  x s o v a l  f ron  t h e  gene ra l  population ( and 

fron the experizer,:: ) o r  vzluz tary  wizhdrawal. Some recovery d a t a  

has been ga:hered frc:: esch dzsage s tudied  and i s  tabulated as follows: 

l O b b 4 9 5  D O E / H Q  
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I 

I 18 months I 20r  1 0 ncr,:hr 6 months 

1 

I I 

2 Sr 

1 i 

64 n m t h s  

-*----------- Decrease tran- i 
s i e n t  or ncn- 
e x i s t e n t  

~~~ _ _  ~ 

SOr 1 16 nlont;-.s .’: 1 6 months I 17 months 
7ar 1 _------------ 10 months 

I 

--__--------_- I .  
lOOr I 7 monchs 7 months 18  months 

7 nonthE 11 months 32 months 200r 1 1 

7’5. months I 16 month$ 

10 manths none thyough 4001- 
14 rnonchs 

-----____------ 

603r 74 months 24 months none through 
57 months 

’’: % 3 C O v e r y  could  begin s i p i f i c a n t l y  earlier. Bic?zies were not  taken 
3: o;;t irsl  t ines .  

I O b b 4 9 b  D O E I H Q  



m T]le p r e l i r , k a r y  o5zervaticzz SuSgeSt that a t  lo;$ doses 

( 10 - l 03 r  ) kgi!?Ring recovery of s p r m  count occurs a t  about six 

month:, f o r  i n t exe5 l ; t e  doses ( 260 - 300r ) a t  t e n  ncnths,  and for 

high doses ( SC3 - 630r ) a t  a b s u t  two years.  

d. Objective - Con3lete recovery: "TG determine 

til E r h  e r ret overy conplet e imomplete.  To be c e r t a i n  t h a t  t h e  

s x e  l e v e l  cf spern count i s  a t t a i n e d  follodiing i r r a d i a t i o n  as ex i s t ed  

before  i r r a2 izz i cn .  It ( not e x p l i c i z l y  s t a t ed  under I. OSJECTIVZS, b u t  

o f t e n  dircc: seZ y i t h  the Cczmittee ). 

For each cckajec:, m s ~ y :  mr.y ccntral  semLnal f l u i d  evaluations 

had t o  be nack t:, e:t&ltsh a n o r m 1  value t h a t  i s  s t a t i s t i c a l l y  

acceptable .  A l Z e r  the  recovery phase, t h e  sane number of observations 

must be m d e  t c  e ~ t i t l i s f i  a value t h a t  i s  s t a t i s t i c a l l y  acceptable. 
..- . 

I .  

The p r e l i c i n z r y  reczlt: i s  t h c t  -in thcse  subjects  wheze s u f f i c i e n t  

time has elapsed s c f f i c i e z t  o3zervations have been ava i l ab le ,  

recovery appears t~ b~ ccr.?lete, i . e . ,  the  sane sperm count l eve ls  

i 

have been at tEined.  

The p r e l i r i n z - y  cbcervations on complete recovery as seen from 

t h e  t a b l e  s u z ~ e s t  chzz f o r  th2 loti doses, it i s  nine t o  1 8  months,. 

fo r  intermediate  dozes ,  30 mcnths, and for high doses;longer than 

57 months ( none recovered to date  ). 

e.  Objective: "To determine whether subsequent 

i r r a d i a t i c n  fo l lov ing  depression and f u l l  recovery w i l l  lead to a 

more severe r eac t ion ,  post7one recovery,  or lead t o  incomplete 

r e m o r y .  " ( another object ive not Etated,  bu t  discussed with,  and by, 

D r .  Paul Henshaw ) 

I n  $even Eu3jects t h a t  \:ere i r r a d i a t e d  a seccnd or t h i r d  t . b e  J 

- 1 0 b b 4 9 7  DOEIHQ 
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f o 2 L r . L ~ ~  cmplc-te recove?)'; t h e  response t o  the repeated dose 

\:.as in every w:lay ccq,ar-a3le t o  t h e  i n i t i a l  dose-response. 

f .  Objective: "To asses s  t h e  problem cf speraacogonial  

renei:lal in I;.sn. " 

Th2 p rc51m cf . spermatogonial renewal i s  being approached i n  

* &v:3 vx iys ,  t h e  quaTiiEaZio3 of t h e  germinal epi thel ium during t h e  

des l ec i cn  art2 e c r l y  recovery phases, and t h e  observat ion of u l t r a -  

s:xctunal c k a z e s  i n  spcrmcogonia throughout t h e  p o s t - i r r a d i a t i o n  

per iod .  

We knc:. f r c z  quant izat ion da ta  t h a t  spernatogonial  r eneva l  i n  

m a n  follows a d i f f e r e n t  pazcern than  t h a t  f&d i n  animals. For 

e x m p l e ,  i n  t h e  noase, speriiiatogonia will completely repopula te  

t h e x e l v e s  i n  a l l  t ubu l s s  before beginning d i f f e r e n t i a t i o n  i n t o  

spematocy te s  an5 s p e r r s t i d s .  I n  m n  spermatogonia act  i n  an 

inexp l i cab le  nanner, producing spermatcgonia or Spermatocytes a t  

random. Addi t iona l ly ,  t h e  morphology of some of t h e  speraatogonia 

present  during tfie depleted and e a r l y  recovery per iod is d i f f e r e n t  

f rm  noma1 rnorihology. 

i d e n t i f y  as A dark ( Ad ) o r  A p a l e  ( Ap ) spermatogonia. 

Therefore they a re  extremely d i f f i c u l t  t o  . 

A q u a n t i t a t W e  

z r e l y s i s  of a biopsy taken during ea r ly  recovery r evea l s  t h a t  Erne 

tu3u les  have a c t i v e  spermcogonia,  producing spermatocytes, e t c . ,  

while an ad jacent  tubule will be devoid of more than a s i n g l e  spermato- 

gonium. A l l  of the  foregoing information suggested t h a t  a d d i t i o n a l  

types of q e r r z t q c n i a  ex i s t ed ,  perhaps more r a 5 i o r e s i s t s n t  bnd with 

1 0 b b 4 9 8  
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6- elongated per iods between iriitosis. 

We have anatyzed the  u l t r a s t r u c t u r e  of the  normal spermatogonia, - 
i n  preparat ion for t h e  Etudjj of i r r a d i a t e d  mater ia l ,  and even i n  

normal biopsiez foirr d i s t i n c t  spematcgan ia l  types were i d e n t i f i e d  

The f o u t h  p r e v i o x  Ly unident i f ied  c e l l  probably precedes the  others 

i n  t h e  develcp?mXal s e r i e s  and as y e t  cannot be i d e n t i f i e d  i n - p a r a f f i n  

(8) . 

sec t ions  u t i l i z e d  i n  quan t i t a t ion .  We a re  now beginning t o  examine 

t h e  u l t r a s t r u c t u r e  of i r r a d i a t e d  spernatogonia and w i l l  determine i f  

t h e  cell r e x i n i n s  a f t e r  germinal c e l l  deple t ion  is indeed t h e  *'new" 

c e l l .  

2. Cytolccical  Rccmplishcents Relevant t o  Del inea t inq  

t h e  L i m i t s  cf l;c:-r.~L H u h n  Tes tes ;  ?!et: Herhods of Approach and New 

Physiolcrgiczl P r i x i u l e s .  4- 

I 

a .  Quantization of germinal epi thel ium 

Quantization of t h e  germinal epi thel ium was begun 

e a r l y  i n  1964. Dr. Eugene Oakberg was i n s t ruc t ed  i n  t h e  human 

spermatogenesis p z t e r n  and he,  i n  t u rn ,  aided UP with h i s . e x t e n a i v e  

knowledge i n  q u a n t i t a t i o n  of mouse germinal epithelium. 

indepen'dent t r i a l  counts by Miss Roxley and Dr. Oakberg. good agreement 

After many 

was reached on couiiting of s tage boundariez, c e l l  fragments, s e c t i o n  

edges, c e l l  t y p e s ,  s tage  d e f i n i t i o n ,  and tubule  c e l l  counts. The 

' s t a t i s t i c a l  sample t o  be used was es tab l i shed  f o r  r e l i a b i l i t y  a t  t h e  

95% confidence l e v e l .  

21 Augnst of t h e  same year ,  Drs. f ie l le r ,  Clernont and Oakberg 

1 
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- . . .  

L 

and I4i-cr R m l e y  zc ru t in i zed  che e n t i r e  nethod at  Dr. yves Clermont's ! 

l abora tory  a t  HcCill  University.  

taken b i q s i e s  a t  selected times a f t e r  x- i r rad ia t ion  fo r  q u a n t i t a t i o n  

of damage. . 

h k  revealed a g r e a t  amount of f u r t h e r  i n f o m a t i o n  on normal spermato- 

genesiz.  

biopries previously counted a t  t he  Foundat ion. 

Since then ,  our laboratory has  

A vazt bulk of c o n t r o l  da ta  has  also been co l l ec t ed  and 

D r .  Oakberg h i s  independently confirmed counts on many 

Han is unique zmxg manmsls i n  having small c l u s t e r s  of a reas  

com9rising a given ce1U azcocia t ion  r a t h e r  than having an e n t i r e  

section of tubu la r  c ross -sec t ion  and length  involved i n  one cell 
\ - a s s o c i a t i o n .  Thus, i n  a given cross-sect ion of a seminiferous 

tubule  t h r e e  t o  f i v e  d i f f e r e n t  cell assoc ia t ions  may be encountered.' 

Quar t i t a t ion ,  t h e r e f a r e ,  was epproached i n  two ways 

cells p e r  ce l l  a s s o c i a t i o n ,  and (2)  counting c e l l s  pe r  t ubu la r  cross- 

s e c t i o n  without regard  to the  c e l l  associations involved. The l a t t e r  

method proved t o  be i npor t an t  a s  results of the e f f e c t  of r a d i a t i o n  

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

process  of deple t ion  and during t h e  e a r l y  recovery period, the land- 

m a r k  def in ing  the  c e l l  a s s o c i a t i o n s  were ob l i t e r a t ed .  

: (1) counting 
( 5 )  

These results revealed t h a t  d u r i n g  t h e  

I n  both counttng methods, biopsy sec t ions  were scanned i n  a 

m m e r  s imi l a r  t o  blood smears. If one sec t ion  was not of a s u f f i c i e n t  

s i z e  to collect: a statistical sample, another  Zection 40p or more 

away f r o a  t he  f i r s c  tiauld be counted. Tne slides t o  be used for 

conf izxa t ian  counts zt Oak Ridge were always at t h e  opposite end of 

10bb500 C O E I H Q  
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t h e . s a r i e s  of s e r i a l  sec t icnz  and thereby Eeparazed by as many as 

SOOp from those  seciicn: counted i n  Sea t t l e .  . 

The & i n  critericn used fcr the s e l e c t i c n  of a tubu le  t o  be 

counted was the angle of t h e  c u t .  Tangential CKCS were not counted. 

Since t h e  ce l l s  r rs ture  frcn basement membrane t o  lumen, only t u b u l e s  . .  

or  a r e a s  i n  which t h e  cells would have matured i n  t h e  plane of t h e  

slice were used. Tubules wi th  a r t i f a c t s  or u n i d e n t i f i a b l e  lumens were 

not  counted. I n  both aethods, it was found tha t  e i t h e r  30 t u b u l a r  

c ros s - sec t ions  o r  30 cel lular assoc ia t ions  gave s t a t i s t i c a l l y  re l iable  

r e s u l t s  ( PCO.05 ). 

Forty control subjeczs were analyzed by q u a n t i t a t i n g  t h e  germinal 

c e l l s  according t o  t h e i r  c e l l  associations. The r e s u l t s  for each 

ce l l  type  were expressed 5s g e m i n a l  c e l l / S e r t o l i  c e l l  ratios. The 1 

S e r t o l i  c e l l  was selected as the  s t a b l e  ztandard a g a i n s t  which t o  u 

express  and compare c e l l  numbers since under the condi t ions of the 

experiment, changes i n  g e m i n a l  c e l l  numbers and t u b u l a r  length and 

diameter could be expected, b u t  S e r t o l i  c e l l s  were expected t o  remain 

constant .  

s tandard devia t ions  and standard error: are as follows: 

Qlq e - 
The means for each c e l l  type /Ser to l i  c e l l  r a t i o  and their 4 

C e l l  Ad A p  B R L z P sa Sb sc sd 
_?Lpe 

Mean 0.65 0.59 0.37 0.27 0.61: 0.08 2.74 1.68 2.19 1.81 2.27 
+ SOD* - 0.10 0.11 0.13 0.11 0.21 0.05 0.43 0..30 0.54 0.59 0-68 
+ 

S*E* 0.02 0.02 0.02 0.02 0.03 0.01 0.07 0.05 0.09 0.09 0.11 
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These rcltios were then conpared with quan t i t a t ion  of 25 con t ro l  

sub jec t s  ( ofcen t h e  sane subject  1 by counting t h e  germinal c e l l s  i n  

c ross -sec t ions  of tubules without regard t o  t h e  c e l l  association. The 

means €or each ce l l  type/Sertoli cell r a t i o  and t h e i r  s tandard  

deviat ion5 and s a n d a r d  errors are as follows: 

' 

Ce 11 Ad Ap B R L 2 P Sa Sb sc  sd 
3!E 
Mean 0.51 0.49 0.26 0.19 0.18 0.07 2.64 1.61 1.24 1.27 1.01 

+ S.D.  - 0-12 0.11 0 .05  0.07 0.08 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 0.01 0.09 0.11 0.07 0.06 0.06 
I 

G o d  agreement between t h e s e  two approaches was found. Thus, t h e  

l a t t e r  method of q u a n t i t s t i n g  control sub jec t s  allowed for comparison2 

of s e r i a l  t e c t i c u l a r  biopEies f ollowin9 exposure t o  radiation. 

' t he  cel l  associat ic?  countE r e v e a l  a higher number of l ep to t ene  

spermatocytes (L)  t h a n  the  tubule  counts. This d i f f e r e n c e  i n  lepto- 

tene  counts has been discussed with Isr. Yves Clermont of McGill 

Note 

University and a t e n t a t i v e  explanat ion i s  of fe red .  

t h a t  t h e  initial t iming of t h e  dura t ion  of t h i s  c e l l  type was s l i g h t l y  

incorrect. 

cell association IV and the l e p t o t e n e  changed tu zygotene shortly before 

t h e  end of c e l l  assoc ia t ion  V then  t h e  tubule  method'would have fewer 

It is poss ib le  

If ,  indeed, t h e  pre- lep to tene  did  l a s t  a s h o r t  time in 

l ep to t enes  than t h e  cell assoc ia t ion  method. The cell assoc ia t ion  

n e t h d  r e q u i r e s  1e;totenes to be present  and pre- lep to tenes  and 

zygotenes to be absent before c e l l  asEociat ions N ' a n d  V can be counted. 

IObb502 
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Quancitarive ana lys i s  has h e n  cmple ted  on many sub jec t s  

i x - a d i a t e d .  ' h i s  procedure invalves o b t z i n h g  tes:icular b.iopsy 

specimens a t  vazio!s i n t e z v a l s  a f t e r  the  time of i r r a d i a t i c n  and 

using t h e  proccdures previously described. 

ana lyses  fcr t h ree  subjeczs  rece iv ing  25, 100, or  603r aze zummarized 

i n  Table I. 

Exariples of such 

With these hypotheses i n  mind we need t C r  subject  t he  da t a  of 

t h e  quan t i t a t ion  to c a r e f n l  s t aT iz t i ca1  ana lys i s .  From such an 

a n a l y s i s ,  a2pTcpriete s ~ o ~ p i n g s  of times a f t e r  i r r a d i a t i o n  and doses 

of radiat- ion may be made. I n  t u n ,  t h i s  should s e t  gu ide l ines  for 

determining how many a d d i t i o n a l  subjects  are required f o r  each 

grouping t o  e s t a b l i s h  a - s t a t i S i c a l l y  s i g n i f i c a n t  r e s u l t .  Having 

f u l f i l l e d  these p r e r e q u i s i t e s  a dose-response curve for t h e  damage /- ". 

A ca re fu l  ana lys i s  of t h e  u l t r a s t r u c t u r e  of the  spermatocytes 

exposed to 100, 290 and 3C3r nay well r evea l  cytological  a l t e r a t i o n s  

t h a t  remain undetected by t h e  l i g h t  microscose. We a r e  now c o l l e c t i n g  

and analyzing n a t e r i a l  for such examination. 

b. U l t r a s t r u c t u r a l  s tud ies  

U t i l i z i n g  the  e lec t ron  microsccpe, we have 

succeeded i n  i den t i fy ing  and describing t h e  u l t r a s t ruc tu re  of four 

. Previouzly only th ree  spermatogonial 
( 8 )  

types  of rperriatocjonia 

types  w e r e  kno;;n. 

nicrosco2y affcrded v iEua l i za t ion  of consi2erably mcre cy to log ica l  

The u s e  of lp t h i ck  €?on sec t ions  with l i g h t  

1 0 b b S 0 3  
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Ehrs 

24scys 

201ca).s 

0.93 0.60 0 . 4 9  0.42 0.76 0.11 2 . 5 6  

0.68 0 . G  C . 2 5  0.C9 0.4s 0.01 2.87 

0.74 . 0 . 6 4  0.23 0.05 0.14 0.02 2 . 8 5  

0.22 0.23 0.03 0.02 0.04 0 6.2G 

0.3t 0.28 0.C7 0.03 0.04 0 0.31 

s3 C" Sa Sb .-L 

-sper:.?atics -- 
1 56 3 09 2.67  2 . 4 5  

1.78 2.62 3.13 1.54 

2.65 2.G9 0.27' 0.35 

0.30 1.16 

0.21 0.41 

420fejJc 0 . 9 6  0.88 0.30 0.45 0.25 0.20 3 31 O.% 2 .45  3 . 4 9  

C o n t m l  0.71 0.53 C.28 0.24 0.43 0.06 1.92 1.43 1.23 1.29 1.00 

2Shrs 0.62 b . 4 4  0.14 0.14 0 . 3 3  0.02 1.32 0.72 0.75 0.71 0.74 

I f  - vs 0.59 0.06 0.033 0 0.009 0 1.05 0.55 0:55 0.73 0 . 4 9  

0.2c 0.02 0.04 0.02 0 0 0.27 0.81 1.06 (2.75 0.73 

0.27 0.12 0.02 0.03 0.04 0 0.20 0.17 0.32. 

112days 0.oc 0.02 0 0 0 0 0.03 0.02 0-05 

Cont2ol '3.SG 0 .44  3.29 0.33 0.GI 0.01 2.60 1.58 2.22 1.g3 1.69 

6G3r - 
22h-s 0.47 0.24 0.07 0.07 0.74 0.04 2.90 1.m 2.24 2.22 1.68 . 

293ays 

0.26 0.23 0.004 0 

0.21 0.14 0.01 0 

0.01 0 

0 0 

1.39 0:44 0.99 0.71 0.72 

0.01 1.34 2.37 

0.01 0.002 0 0 0 0 0 0 0 0 0 8 4  dzy ,e 

0 0 0 0 0 0 0 0 

J'S 0.036 0 0 0 0 .  0 0 0 0 0 0 

3 L d ; y s  0.033 0.01 0.02 0.005 0 0 0.05 0.04 0-c1 

4 77d sy f 0.001 0 0 0.C3G 0 0 0.01 0 0 0 0 
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d e r a i l  . than can be obtained with paroffin-embetided ma te r i a l ,  and, 

consequently, f o u r  d i s t i n c t  t ypes  of spernatcgonia could be i d e n t i f i e d  

i n  such Gpon sec t ions .  

with e l e c t r o n  niicroscopy provided the  rhost EatisfacEory method for 

Hmever, f u r t h e r  study of the  Epon sections 

revea l ing  d i f f e r e n t  spe rna togmia l  types.  This method revealed a 

d i s t i n c t  d i f f e r e n c e  i n  che u l t r a s t r u c t u r a l  c h a r a c t e r i s t i c s  of t h e  

four types of huaan spermatogonia. I n  addi t ion,  previously undescribed 

s t ruc ru rez  were found t o  occur only i n  ce r t a in  spermatogonia. We 

are w i n g  t h e  saxe method t o  study the  normal morphology of t h e  more 

mature c e l l  types  and the  e f f e c t  of X-ray i r r a d i a t t x  on t h e  

spermatogonia. 
I 

Bas ica l ly ,  wc d5d t h r e e  separa te  morphological s t u d i e s  t o  in su re  

accura te  i d e n t i f i c a t i o n  of t h e  spermatogonial types. F i r s t ,  we 4 
exmined pa ra f f  in-enbedded t issues with the l i g h t  microscope i n  the 

 classical manner t o  i d e n t i f y  t h e  three  recognized types of spermato- 

gonia Secondly, we ztudied Epon-embedded t i s s u e s  sectioned a t  micron 

or sub-micron thic?-Tesses by l i g h t  microscopy and i d e n t i f i e d  t h e  

s p e r m t o g o n i a l  ty?es  by comparing theze c e l l s  with the paraffin-embedded 

ma te r i a l .  Thi rd ly ,  e l ec t ron  microscopic examination of t h i n  sections 

adjacent  t o  t h e  seczions uEed for l i g h t  mic roscq ic  examination was 

used t o  determine t h e  u l t r a s t r u c t u r a l  c h a r a c t e r i s t i c s  of t h e  

d i f f e r e n t  t ypes  of spermtogonia .  

t h e  ce l l s  we c a l l e d  A d ,  Ap and B spernatcgonia using paraffin-embedded 

In  t h i s  way we were assured t h a t  

f O b b S 0 5  DOE/HQ 
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t iEsue .  wizh the l i g h t  nicrozcope would correspond to the c e l l s  we 

t e r n  Ad, Ap and B spernatogonia using Epon-embedded m a t e r i a l  w i t h  

e i t h e r  t h e  l-:$,t o r  e l ec t ron  microscope. 

t h r e e - p r o n ~ e d  approach t o  t h e  study of t h e  other  cells of t h e  

germinal s e r i e s .  

We propose t o  continue this  

Four spersEtcgonia1 types were i d e n t i f i e d ,  the  AL, Ad, Ap and 

Tne AL ( L for length of c e l l  on basa l  lamina ) is considered to B. 

be an e a r l i e r  cell t&n the  Ad. 

spermatogonial types do not have a p l e n t i f u l  supply of c r i s t a e .  

Tne mitochondria of all four 

T h i s  

condi t ion of f ev  c r i s t a e  being present  is general ly  c o r r e l a t e d  with 
( 12 .> 

&act ive  cel ls  a d  related t o  low energy requirements . The 

sparse  artoJnt of endo2laenic re t iculum of both the  rough and the 

smooth variety w u l d  further suggest t h a t  these  cells a r e  i n a c t i v e .  

The cloze appas i t i on  of the  mitochondria t o  the rough endoplasmic 

ret iculum, e s 2 e c i a l l j  i n  t h e  AL and Ad spermatogonia and l e e s  S O  i n  

t h e  Ap and B s p e r x t o p n i a ,  can be in t e rp re t ed  a s  a morphological 

mani fes ta t ion  of a mechanism t h a t  allows a shor t  d i f f u s i o n  .path for  

ATP t h a t  is requi red  for some func t ion  i n  the  endoplasmic re t icu lum.  

Andre 
( 1 3 )  * .  / 

has suggested t h a t  a c lose  mitochondria t o  endoplasmic 

re t icu lum azsoc ia t ion  might serve t o  supply energy for p r o t e i n  

synthes is .  

The func t ion  of t h e  fi lamentous body, a c h a r a c t e r i s t i c  s t r u c t u r e  

i n  t h e  AL and Ad Epermtoponia, 2 unknown. 

kT?ase i n  t h i s  body is suggest ive evidence t h a t  it i s  an a c t i v e  c e n t e r  

The l o c a l i z a t i o n  of 
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bd 

of eae i -9  u t i i i z z r i o n .  Tnc elec'rm-cpaque q h e r e s  f0ur.d within this  

body a r e  s r r u c t u r a l l y  s imi l a r  to ri3osomz' and, while we hasten to 

repeat  t h a t  t h e  funct ion of the  filamentou$ body is unknown, it is 

pos~ible t h s t  t h i e  s t r u c t u r e  may r c p e e e n t  a highly modified 

mechanizm for pro te in  synthes is ,  

. - 

T'ne abindance of glycogen i n  t he  .AL and Ad spermatogonia, and 

the  l e  c s e r  amounts of glycogen i n  the  Ap and 3 spermatogonia, i s  

t aken  as presur;;tive evidence t h a t  t h i s  sxbztance i s  u t i l i z e d  as an 

energy zcurce during spermatopcnial development. Although occasional 

p inocyto t ic  ves i c l e s  occur i n  t h e s e  ce 11s our evidence is edequate 

enough t o  dizcocnt  t h e  movenent of material i n  t hes s .ves i c l ea  i n  a 

reverse  p inocy tc t i c  direccion. 

cytozic vesic!.eE i s  t h a t  they occur cnly on adjacent  cell-cell 

surfaces  and nct  02 t h e  spematogonia l  surface next t o  t h e  basal 

One i n t e r e s t i n g  f a c e t  of these pino- 
4 

lamina. 

An increased nurrSEr of myelin-like arrays, thought t o  represent  

phospholipid desenerat ion,  were present i n  the  Ap and B spermatogonia, 

as conpared t o  the  absence of such s t ruc tu res  in  the  AL and Ad. 

spermatogonia. This suggests t h a t  au to lys i s  occurs i n  t h e  more 

mature Epermato2onia. 

The Ad spematqon ium ha2 been considered to be t h e  most 
( 14 1 ( 35 1 

Frisz5:tve s p r r a t o g o n i a l  type . Clermont suggests t h a t  

t he  Ad sper7zcc;oniurn has an  tlequivalenttf rnitoEis and gives rise t o  

e i t h e r  two Ad spena togon ia  OT t o  two Ap sperratogonia.  Each Ap 

I O b b 5 0 3  DOE/I-!Q 
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s?er;ratogoriiun :ubzeq:!ently gi1:es r i s c  t o  tt:a t y p e  3 qcrz ,z tosonia  

vhich then give r i s e  Co t h e  q e r a a t o c y t e s ,  t h e  ccnce?t being t h a t  

:he Ad reprczenzs a c e l l  t h a t  ccn e i t f ~ r  pez;etuatc t he  primitive 

s t e n  c e l l s  or  g ive  r i s e  t o  a s p e r n a t c p n i u n ,  i.e., t h e  Ap spernato- 

goniux, t h a t  i - c  c c z z i t t e d  t o  sprzilatcgenesis. 

and e x t e d  t h e  p o r t i c n  cf Cler;r,cn?'s work t h a t  suggests t h a t  t h e r e  is 

a p r imi t ive  zpe-nacogcnium, an i n t e m e d i a t e  form, and an advanced 

speraatogoniun. 

Our f i n d i n s s  support  

F u ~ h e r ,  v:? have focnd inEtances of b icuc les te  AL, Ad and Ap 

sperr-atogcniz and  we in?er;ret  t he re  c e l l s  as having conpleted 

karyckines is  and of k i n g  i n  t k e  process of conpleting cy tokines is .  

These Cimcleaze  c e l l s  w u l d  sc5Etant ia te  Clemont l I napping s t u d i e s  

where F a i r s  ~i spem:a tcsoniz l  types e r e  found toge ther  and teed t o  

confirm the  occurpence cf l lequivaleatl l  rnitozic d iv i s ion  - in  spermato- 

gonLa. 

types withjn a CCXXII cycoplasn 

c e l l  d iv ide r  n l t o t i c a l l y  t o  form two of t h o  next more nature  

1 

Ve have never observed nuc le i  of d i f f e r e n t  spermatogonial 

Our present  concept i s  t h a t  each 

spercatogonia.  

On t he  b a s i s  of c u r  evidence we cannot rule out t h e  p o s s i b i l i t y  

cf d i f f e r e n t i a z i o n  of any p a z t i c c l a r  s p e r r z t c p n i a l  type i n t o  t h e  

next rperEatcgonia1 t e e  t o  expla in  t h e  o r i s i n  of successive $permato- 

gonia. 

n e e i a t e  f ozrz and E I J C ~  i n t e r n e d i a t e  fsms have not bee7 observed. 

I 

If t h i s  were t h e  c a s e ,  however, one would expect t o  f i n d  inter-  

( 15 1 
model m Ane cc-relar ion between o m  f i n d i q s  and Clermnt  'S 

l O b b 5 0 8  
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of . t h e  nscic of devclc?ncnt and l e n s - m l  of spezatatcgonia i n  man 

presents  a tanyal iz in ; ,  and, as y e t ,  unanswered qzest ion.  Is it 

 pa^ c ib l e  t h a t  our ki Epematogonium represents  a pr imi t ive  s p e x a t o -  

g o n i u n t h a t  i s  c a ? ~ b L e  of e i t h e r  regenera t ion  of t h e  stem c e l l  

r i s e  t o  t h e  Ad sperrnatqonia which t h e n  

t h e  $.? spercaEogmia, e c c . ?  I n  thi :  s i t u a t i o n ,  t h e  Ad spermatqcniwn 

w.lo.dld be the  earliesr :yernazogonium corh i t t ed  t o  spermatcgenesis. 

Tni s pos s i t i l i t y  can be subjected t o  exper b e n t  a t  i on dep le t ing  t h e  

sperzatoqonial  p o p k t i o n ,  not t o  mention t h e  spermatid pogulat ion,  

. by i r r a d i a t i o n  and exdmining the  tubule  f o r  remaining spermatcgonia 

t h a t  musz p e r s i s t  i n  order  t o  give r i s e  to spermatids by "recoveryn. 

4 

Details cf zhe nethods and t h e  cell desc r ip t ions  a r e  covered 
( 8 )  

i n  t he  publ icacion by Rowley, B e r l i n  and Heller . 
Ultrastruczu?al exanination of the  germinal epithelium 

f ol loc ing  irradia2icn has revealed many morphological changes, sone of 

which we have n o t  ,eee;) i n  e i t h e r  normal o r  otherwise a l t e r e d  t e s t e s .  

For exacf,?le, a t  24 days a f t e r  i r r a d i a t i o n  a t  600r, we have found 

. Tacrqhages  ZTaveling through the basa l  l aa ina  i n t o  the tu3u le s .  

We believe they. pick up damaged c e l l u l a r  ma te r i a l  and then move i n t o  

the lumen. Tne S e r r o l i  cells, however, a l s o  a c t  a s  disposals  f o r  

dana?!ed tissue r e l eas ing  ac id  phosphatase i n t o  the  ce l l  t o  break 

it up an:! then ac t ing  as a t r anspor t ing  medium fo r  the  broken-up 

c e l l s  t o  pass through i n t o  t h e  lumen. 

We zre curren t ly  s z i l l  exanin ing  these  b iops ies  f o r  a d d i t i c n a l  

change:. Xlt:?cL,-h ncch prgress  has been m d e  we have r e a l l y  only 

I O b b 5 0 9  
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L. ..*\I, 
scratched the zurface. 

t he  v e a l t h  of i r t i s r r s t i c n  a v a i l z b l e  i n  each biopsy, much of t h e  

Secause cf t h e  rtunbcr of biopEies taken and 

L 
7 

'. 

mate r i a l  has ncc been t x a z i n c a  as  yzt. 

c.  Serzinal f l u i d  examination 

i) E f f e c t  of biopsy upon sperm count: Man 

is unique i n  h i s  c a p z h i l i t y  of being able to undergo a s ing le  biopsy, 

or even seve ra l  t e s t i c u l a r  b i o p s i e s  over a period of time. 

not genei-ally xrue ~ G T  o the r  aninals .  

sub jec t  from t h i z  p&nZ of view, as conparirons between t e s t i c u l a r  

biopsy and spern counts can be made. 

This is 

Thuz man is an i d e a l  experimental  

Hcwever, t h e  e f f ec t  of the biopsy 

p r  oc e d ur e on t h e  f k i d  c m  c e n t r a t  ion  WSS p r w i o u z  l y  unknown. 

Because we f o l l c z e i  bcth parameters  i n  a l l  of our i r r a d i a t i o n  szudies 

( as well  as other  e x p e r i r e n t a l  si ' iuations ): we exmined t h e i r  i n t e r -  
-,. 

r e l a t i o n z h i p s  i n  n o r n a l  c m t r o l  sub jec t s .  

only 39% experienced a s i p i f i c a n t  ( P 

Of the  sub jec t s  analyzed, 

0.05 ) drop i n  sperm .count 

f 011 ow i n  g biopsy. Of thoze f cb j e ct s w i t h  multiple biopsies ,  27% 

showed a decrease after t h e  l a z t  biopsy procedure. A l l  sperm count 

decreaEes occurred i n  t h e  f i r s t  t e n  weeks a f t e r  biopsy. and a l l  zubjects 

shcwed c m p l e t e  recovery by 18 weekr. 

t o  18 weeks Ehould e l apse  fo l lowing  a biopsy before i n i t i a t i n g  therapy 

OF experimental tFeatment. 

and Heller and Xmley ,  et al., 

Our conclusions were t h a t  t e n  

Thece data have been reported by Rowley 
( 16 1 ( 4 )  

-- 
I n  d e z i ~ n i n g  OIZ izraeiii:im expe r imni s ,  we have used this infor-  

riaZion a s  fol lowz.  

t e n  t o  l e  weekr to r e c a v e r  f r m  the b i q s y  e f f e c t  before i r z a d i a t i o n .  

A11 s u 3 j e c t s  had a cdn t ro l  biopsy. They were a l l c e d  

I O b b S t ' O  D O E / H @  
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22- slj>Ujetts wm*e divided i n t o  two groups, one s p e c i f i c a l l y  f o r  t h e  

~ t c 6 y  cf zenina l  f l c i d  or,j hornme s tud ie s  withDut b iop r i e s  and t h e  

J’ 

ctf;er fsr bic?sy Erc55es along with seminal f l u i d  e x m i n a t i m  and 

hzz:3TrE eva lua t i cn .  

ccr , iucicn of changcs caused by biopzy Kith a c t u z l  change5 cauced by 

X-ray. 

I n  t h i s  way we were able  t o  s a fegmrd  a g a i n s t  

ii) Duration of t r anspor t  of spermatozoa through 

t h e  d Q c t z l a r  slpzcez: X-ray i r r a d i a t i o n  has also been used t o  exzend 

ocr baz ic  hov:le&s.e of t h e  p r x e s s  of spermatogenesis by determii-,ing 

t h e  a m u ; l t  of t i n e  1-equired by sperm t o  pass through t h e  d u c t u l a r  

syst~rr. of the  ma3.e. 

of i c n i z i n g  r a d i s t i c x  o r  i n j e c t e d  with t r i t i a t e d  thymidine. 

Eelected X- ra )~  d2i-e s u f f i c i e n t  t o  cause degenerat ion of s p e r m ~ t o 5 c n i ~ ~  

while  allc..ging each of t h e  o the r  germinal c e l l s  t o  mature normally. 

p re- lep tczene  eper::Etc.cjpte ( t h e  l e a s t  advanced unaffected c e l l  ) i s  

r e l e a s e d  into t h e  t cbu la r  lumen 46 days following i r r a d i a t i o n .  Since 

spersa toz3a  \;.ere absent from the  seminal f l u i d  67 dzyr a f t e r  i r r a d i a t i o n ,  

the,.longeEt t r a v e l  t h e  of a sperm discharged i n t o  the  t 9 h l a r  lumen’ is  

Testes of normal men were exposed t o  s i n g l e  doses 

The 

The. 

t h r e e  weeks ( 67 - 46 = 21 days ). 

A recon6 5roup oi men was given i n t r a t e s t i c u l a r  i n j e c t i o n 5  of H~ 

t h y z i d i n e .  Seriinal fluid f o r  autoradiocpaphy was co l l ec t ed  every t h i r d  

d a y .  

e?er=tccyte .  

T”e neet advanced c e l l  labeled within one hour is t he  pre lep to tene  

T h i s  i s  r e l eased  i n t o  the  lumen of t h e  tubu le  as a matme 

s p e x  46  day-c a f t e r  l abe l ing .  Counts of labeled zpernatozoa i n d i c a t e  

J 
rh: ~ n s  e a r l i e s t  s p e x  a p p a r e d  i n  t h e  e j a c u l a t e  46 CT 47 days a f t e r  
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56 days. Ccrhizing i rzadiaz icn  end thynidine da ta  we conclude t h a t  

t h e  duraricin of t r a n q c x  cf SperrGtozca i n  a sn  v&Ties from one t o  21 

&ys v i z h  t h e  r a j o r i z y  of t h e  sperzatozoa bppearing i n  t h e  ejaculate 

t e n  t o  14  day^ a f t e r  r e l e a s e  frcx t h e  Sertoli cell cytoplasm. These 
( 6 )  

r e s u l t s  have been r q x z t e l j  by K e l l e r ,  e: al. -- 
iii) Seminal f l u i d  counts: I n t e r e s t i n g  r e s u l t s  

have been c k a i n &  f r m  z a d y i n g  t h e  changes i n  seminal f l u i d  a f t e r  

X-ray i y rad ie t ion .  Tincse sub jec t s  - receiving doses below 5Or ( 8r, 

l o r ,  15 r ,  ? O r  end 25r >, nain ta ined  a sperm coiint of 10 m/cc . o r  

h ighe r .  A aose of 5 G r  or 78r b r c q h t  t h e  count t o  a l eve l  of about 

L 
[t . 

1 m/cc. One hund-es m e x s e n s  aspears  t o  be a threshold dose as  some 

. z u b j e c t s  actnined tozal azooepernia wfiile o the r s  maintained counts of 

about 0.2  m/cc. A 1 1  subjec t5  receiving'doses above lOOr went t o  

complete azcosperzia f o r  extended period$ of t ime. 

Very high doses ( 400 - 603r ) had a d i f f e r e n t  e f f e c t  on seminal 

f l u i d  counts  than did t h e  ~ O W F  doses .  Tne counts show a s t r i k i n g  

drop below c c n t r o l  l e v e l s  &fore  t h e  46-day period i s  ccmplete. 

pre-46.-day 2ro;, i n  s p m  nunbers indicate:  i m e d i a t e  des t ruc t ion  of 

This 

spernatocytes as wel l  as s p e m a t c p n i a .  Dcses below S O O r  show immediate 

d e s t r u c t i o n  of sperzatogonia only. Prel iminary r e s u l t s  were reported 
17 1 

by Heller, e t  al. -- 
Zecavery t i n e s  vary with  che i n d i v i e u a l  and wizh t h e  dose of 

r a d i a z i c n  5Zv011. "solow 1 3 C r ,  t h e  beg iming  of recovery is not doEe- 

- .. dPpenSent. 2ttainir .Z E r?c=.ml recovery q e r z  c m n t  appears t o  be 
I 
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more dDce-dependent . 
i v )  Spem morphology : Var iat icnc i n  sperm 

mcrpfiolcgy h v e  been s tcd icd  Cy KccL~od m d  he ha2 reported bDth t h e  

v a r i z t i o n  cf shapee an2 the  p e x e n t a g e  of each shape fomd  i n  normal 

e j a c u l a t e s  . D r .  1hcLeod ( Ccrnel l  Iiledical School ) has 
. .. ( 18 1 

exar,iiied s e r i a l  sex ina l  f l u i d  sample5 f r o 3  our r a d i a t i o n  s u b j e c t s  

and ccu3ted abncrmal forzs. The percent 'qe  of noma1  sperm dropped 

negligibly a f t e r  1 5  and 10Cr. Vith €03r, a dcce t h a t  produces 

p e r s i s t e n t  azooEperriia, a c x  2 r m z t i . c  changes a r e  cbserved. 

d .  Leydig c e l l s  

1 An objec t ive  method t o  r e f l e c t  changes i n  Leydig 

cell nurbez which mi5ht occur a s  t h e i r  Gc t iv i ty  was a l te>ed  has  long 

been needed. EecauCe t he  a.bsolute nur.3er of Leydig ce l l s  i n  t h e  '. 

J 

t e s t i s  cannot be cctlnted,  it i a  necessary to r e l a t e  t h e  number of 

Leydig ce l l s  present  i n  a given a rea  t o  some constant  structure in 

t h e  t e sz i s .  The S e r t o l i  ce l l s  have been chosen as an i n d e x  of t h e  

number of Leydig c e l l 2  p r e s e r t  s ince  t h e i r  number i s  not a l t e r e d  by 
(19,201 

t r ea tmen t  with drugs or homones, t hey  do not  d iv ide  i n  the  adul t  9 

and they have been widely accepted by o the r  i nves t iga to r s  as a constant 

for quant iza t ion  
( 21, 22 ) 

( 7 )  
Our quan t i t a t ion  nethod involves t ak ins  numerous photomicro- 

p a p h s  of s e r i a l  sect ions throughout a biopsy using a 1 O X  ob jec t ive .  

These phctcmicrcg=a?hc a r e  then used zs a guide for counting all t h e  

S e r t o l i  c e l l  and  Leydig c e l l  n u c l e o l i  wi th in  the  photographed area 

I O b b 5 l . 3  
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F L  -? - 
( 

Esirig 433% czzn i f i ca t ion .  T'c r e s u l r s  of theze counts E r e  expressed 

as a r a t i o  cf Leyd-ig c e l l s  t o  SeFtc l i  c e l l s  ( LC/SC ). The sec t ion  

Thickness nry v q '  s l i g k l y ,  t he  tubules  m y  Ehrink or the  geminal  

c e l k  m y  3e depleEed iis 2 r e s u l t  of t rea tment ,  but t h e  LC/SC r a t i o s  

i n  c e x r o l  E Z ~  iye&tment h icps ies  will s t i l l  be d i r e c t l y  cornpayable 

s i n c e  the  mzhcd cx2ensa:es f o r  such changes. 

To t e s r  rhe rethod we gave human chor ionic  gonadotropin (HCG) 

t o  six norr.al men, observed a zevera l - fo ld  r i s e  i n  u r i n a r y  t eE to t t e rone ,  

and looked fz? a chanae i n  t h e  nunber, miis: or morpholov of the  - 
( 23 1 

Leydig c e l l s  . An 

e x p  e ct e d be c E u E e ?-:a a d  o ck 

inc rease  i n  a h o r z a l  and 

l 
i nmease  . i n  number of Leydig c e l l s  was 

2nd Kelson had r epnr t ed  Euch an 
( 24 1 

normcl males t r e a t e d  with chorionic  gonado- 

t r o p i n .  T'eir reFort  wes based on a sub jec t ive  impression from b i q s y  \ 
\ 

s e c t i o n s .  Ke used ouz mechod t o  q u a n t i t a t e  Leydig c e l l s  before and 

a f t e r  t r e a t z e n t  t o  t e e  i-C an  actual increase  i n  number was occurring. 

Since KCG cazzes shrinkage of the  tubu le s  from deple t ion  of t h e  

g e m i n a l  e?i:heliurn, t he  subjec t ive ly  observed increase by Maddock and 

Nekon n igh t  hzve been due t o  t he  crowding of t h e  Leydig cells i n t o  a 

more cczpic t  i n t e r r t i t i a l  z rez  ( s ince  t h e  t u n i c a  propria  i s  e l a s t i c  ). 

h e  f cllowing t a b l e  sumnarize: t h e  r e z u l t s  of a d n i n i f t r a t i o n  of 

HCC t o  s i x  ncrnal men on che nur.ber of k y d i g  c e l l s :  
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S U 2 J X T  Ls/SC - . s . e .  LC/SC 2 s.e.  LC/SC " s . e .  ,i + 
CC;T.;Tx@?J 6 K S .  HCG 16'L'KS. ECG 

( E t .  t e E t i s )  

.-. 

+ 0.56 - 0.02 
0.27 - 0.01 
0.37 - 0.01 

4- 

+ 

0.67 0.03 
+ 0.72 - 0.02 

0 . 4 2  2 0.03 

0.50  2 0.03 

no s i gn i f  icE.nt chznge 

o st2t is : icEl ly  s i c r i f i c a n t  decreaEe 

0.57 0.02" 

0.21 2 0 . 0 Z k  

0.43 2 0.02* 

0.71 2 0.02" + 0.59 - o m A  
0.77 2 0.02" 

+ 0 . 4 9  - 0.02':: 
0.52 2 0.02* 

A s t a t i e r i c a l l y  s i p i f  i can t  increase  

\AJ The Studem s 'T1 t e s t  was gsed t o  analyze t h e  da t a  ( P 5 0.05 ). 

Afte r  s i x  weeks of adT,inis t ra t ion,  two subjec ts  shewed no change, m e  

i n c e a z e d  and one decreased. Leyd:? c e l l  r a t i o s  after  1 6  weeks revealed 

that t v m  ruS jec t s  shc..xd no c5ange and one subject  decreased. These . 

r e s u l t s  i n i i c c t e  t h a t  t h e  changes were random and the re fo re  

a h i n i s t r a t i c n  of fiCG caused no s i p i f i c a n t  increase i n  the  num2er-r of 

Leydig c e l l s  , and furthermore,  t h a t  t h e  increases  reported by l%ddock 

and h'clzm were visu21 changeE not subs tan t ia ted  by ocr q u a n t i t a t i v e  

nethcf  . 
k f t e r  the v a l i d i t y  of t h e  procedure WBE demonstrated by t h e  HCG 

e x p = k = : >  we have began to asply t h e  Leydig c e l l  nethcd t o  rrzterial 

collected z'i va r ious  t imes a f t e r  i r rad i -a t ion .  
7 wwaJ: -- I-- - - = - e ?  with O O O r  i s  presented i n  t h e  follory.ing :able: 

Caca from one sub jec t  
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RIGHT TESTIS 
LC/SC RATIO 2 s.e. 
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LEFT TESTIS 
LC/SC RATIO f $.e. 

co;\'Tx@L 
26 days 

92 days 

232 days 

295 days 

1022 days 

1120 days 

1253 days 

1722 days 
1 

1904 days 

0.4s = 0.03 0.47 f 0.02 

0.44 2 0.03$: 
+ 0.53 - 0.02A 

0.52 -f. 0.03' 
+ 0.63 - Q.03* 

0.55 2 0.04A 

0.75 f 0.05" 

0 . 4 9  5 0.02" 

0.88 * 0.03* 
0.61 -f 0.03* 

..t no s igni f icar i t  chanze 

* s i g n i f i c a z t  incyecse above c o n t r o l  

We observed a s j g i i f i c a n t  i nc rease  i n  t h e  LC/SC r a t i o  by 92 days 

fol lowing i r r a d i a t i o n .  Tnis inc rease  has been observed through 1722 

days p o s t - i r r a d i a t i o n .  A drop occurs a t  1253 days for t h e  r i g h t  t es t i s  

and a t  1904 f o r  t h e  l e f t  t e s t i s  , suggest ing a recovery of Leydig cel ls ,  

subs t an t i a t ed  by t h e  f a c t  t h a t  t h e  g e r n i n a l  ep i the l ium i s  i n  , e a r l y  

recovery,  which t o g e t h e r ,  would i n d i c a t e  t h a t  t h e  t e s t i s  is i n  the 

process of f t lnc t iona l  Tecovery. 

zhow th2s increase  a f t e r  i r r a d i a t i o n  with 600r. 

Thus f a r  foar  s u b j e c t s  q u a n t i t a t e d  

Althau5.h a t c t a l  05 15 sgb jec t s  have received 603r of i r r a d i a t i o n  

only 12 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  
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a n  increare  1125 taken place .  Cnly one subjec t  ( nenricrred above ) has 

been fcllc:.?cd fcr  B 1c :q  enough ttiite t o  begin to z h o ~  a recovery i n  
e 

Leyc?%G c ~ l l  nunbers. 

th i -c  a s z w ~ t  of ticc hes elapsed can only be postulated.  Ac t h i s  t ime 

The number of men t h a t  w i l l  be zva i l ab le  a f t e r  

2tve11  zu3jectz  who ha**re received 600r are  ac t ive ly  p a r t i c i p a t i n g  i n  

pcs t - i r ra5 ia t ic .n  end t h e  r e s t  have biopsies  a f t e r  360 days of 

i r r a d i a r i o n .  V!? $h;sl l  continue t o  follow t hese  sub jec t s  for a s  long  

as poss ib l e .  R c p 5 u l l > p  u n t i l  they reach control  level:. Should we 

f i n d  s i g n i f i c a n t  CherrSjeE i n  a l l  t hese  subjec ts  a t  600r i r r a d i a t i o n ,  

we a r e  prepared t o  i n v e z t i g a t e  zubjects a t  lrrrler doses of i r r a d i a t i c n .  

Although t h e  ta:k of q u a t i t a t i n g  these  numerous. b iopr ies  involves  
I 

hcurE of a t e c h n i c i a n ' s  t ime,  they should y i e l d  v a l i d  da ta  a s  t o  t h e  

e f f e c t  of i r r a d i a t i c r .  cn Leydig c e l l  numbers. 

We have bee:? exmin ing  and charac te r iz ing  the  u l t r a s t r u c t u r a l  

f e a t u r e s  of Leydig cells i n  c o n t r o l  biopsies bef-cre c a r e f u l l y  examining 

thoEe Eifter i r r a d l a t i z ? .  Very preliminary examination i n d i c a t e s  Leydig 

ce l l s  a r e  a f f ec t ed  by i r r z d i a t i o n  within two days. This s tudy w i l l  . 

enable  us t o  de t e rn ine  morphologiczl change2 of t h e  Leydig ce l l s  which 

cannot be seen with t h e  l i g h t  microscope We w i l l  attempt t o  answer 

quez t icns  ccncerning Epec i f i c  e f f e c t s  of x-ray on these  ce l l s  and 

de te rn ine  i f  t he re  i s  a doce-response r e l a t ionsh ip  involved. 

3 .  Hormonal Object ives  

To determine t h e  influence of any given. r ad ia t ion -  

pro5uced t e z t i c u l a r  a l t e r a t i o n  upon other  paranezerz such a:: a )  ur inary  
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t ott i gznzt  z.t:*c;s.ns , 
hc rzmc  (LCSX) , c )  urirtcry f o l l i c l e - s t i m u l a t i n g  hormcnc (FSM) , 

b) ur inary  i n t  e!,\$ t it i a l  ce l l -  st i rmla t  ing  

d )  p l a s m  XI!, e )  m i n a r y  es t rogens ,  f )  urinary t e s t o s t e r o n e  and ep i -  

t e s tos tErcne ,  ICSH, and plasma t es toz te rone .  

.- - . -  a .  I n  each rubjec t  and for any dose l e v e l  of 

i r - a d i a t i c n ,  a 2 i E : i x t  r i s e  i n  u r inary  gonadotropine was noted.  The 

r i r e  occzrFet5 t h e  f i r s t  denuding of t h e  g e r n i n a l  

e p i t h e l i n .  

began. 

Tine r i s e  c e s  sustained u n t i l  h i s t o l o g i c a l  recovery 

Scbzeqxn: Ioxering t o  normal l eve l s  pa ra l l e l ed  t h e  r epopu la t ion  

of t h e  ? e n i n i f e x u s  t u b u l e s .  

Our  e x p l a r s t i c n  f o r  t h e  r i s e  i n  gonacornpins  i s  t h a t  t h e  germinal  
I 

ce l l s ,  during t h e i r  n c r z c l  courfe of maturation and development, require 

gonadorropins. 

orcurs and crm~eql~ently excess gonadotrnpinz appear i n  t h e  urine. 

I n  che Ebsence of germinal ce l l  a c t i v i t y  no u t i l i z a t i o n  

T n e  
L 
\ 

lowerin? of gc f i adc txp ins  occurs zs t he  germinal ce l l s  again become 

a c t t v e  during t h e  recovery period. 

measure of both FSii and I C S H ,  it beceme neceEsary t o  determine which 

gonadotrcpin was mainly i w o l v e d .  

Since the  gonadotropin a s s a y  i s  a 

b, Xeasuring ur inary  ICSH on tbe sane u r i n e  sanples 

r svea lcd  no change fol lowing any i r r a d i a t i o n  exposure a t  any t i m e  during 

the c o c s e  of dep le r i cn ,  quiescent per iod,  or during g e r n i n a l  e p i t h e l i a l  

recovery.  

c. Mozsuring ur inary  FSX revealed a r i s e  d u r i n g  

d z p l e t i o n ,  r c s t a ined  d c 5 g  t h e  qu ieccen t  period and a lowering t o  

norl;L21 during recovery.  

cf tf ;e tc:al gznadc t r cp inc .  

This i n  every way pa ra l l e l ed  t h e  rise and f a l l  

OGT i n t e r 2 r e t a t i c n  i s  t h e r e f c r e  t h a t  t h e  
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d 
r i se  of c o t z l  gcnadotrc?inc is dse  t o  t h e  r 5 z e  in FSH and t h a t  t he  

geminal  ce l l s ,  d u r i n s  t h e i r  peTicd of a c z i v i t y ,  u t i l i z e  FSH. 

A t  t h i s  

Eignificance 
. .. 

abwe .  Four 

l i t t l e  or no 

time data  i s  being analyzed t o  g ive  s t a t i s t i c a l  

t o  these obsErvations. 

subjec ts  on 8 r  rsvealed no change i n  FSH and presumably 

change i n  p c m i n a l  e p i t h e l i a l  funct icn as i n fe r r ed  from 

The r e z u l t s  appear t o  confirm t h e  
1 

spe=.n count:. 

comts  revealed the  rise. 

Those Ecbjectf a t  t h e  h igher  doses with d r o p s  i n  sperm 

d .  1:ersuring plasma ZSH confirmed those  r e z u l t s  

o k a i n e d  from the  urine. 

s l i g h t  i n q e a r e  CSP seen a t  201- and highly Eigni f icant  increases  were 

seen a t  78 - 600r. A t  theze doseges plazma. FEE. rose az much as four- 

No change was found i n  pla,cna FSH a t  8r, a 

fold. . +& 

( '  
I n  order  t o  evaluate Leydig c e l l  func t ion  following i r r a d i a t i o n ,  

stodies  of e s t r q e n ,  t ec tos t e rone  and ep i t e s tos t e rone  excre t ion  and 

plasma ICs% were cbeervcd. 

e .  Estrogen excre t ion  can be used a s  a measure of 
( 24 1 

Leydig c e l l  function f o r  t he  human m G l e  . This r e l a t i v e l y  

i n s e n s i t i v e  method fa i l ed  t o  r e v e a l  any change. 

t e rone  evaluat ion became ava i l ab le  and t h i s  was subs t i t u t ed  f o r  t h e  

es t rogen  aEEay. 

Later  ur inary  testos-  

f. Urinary t e s t o r t e r c n e  measured by ga5-liquid 

chroaatogra$y, revealed a ninimal bu t  r t a t i s r i c a l l y  5ignif. icant 

lc?.'e=.in,- f c l l o 4 n g  i r r a d i a t i o n .  I n  1958 we changed methodology and 

k;\. 
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9 
).y. began us ing  B new technique f o r  ur inary t e s t o s e r m e  glucumnide i n  

wfiich t e s t o s t e r o n e  and e2 i t e s t szze rcne  a r e  determined separa te ly  

Because of t he  great  v a r i a t i o n  i n  r e s u l t 5  we have discontinued 

( 25 1 '<- ,: 

measuring ur inery  t e s tos t e rone  and a r e  now concentrzt ing on the  p l a s m  

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

g. I.:easuring plasma KSii by radioimmunoassay has 

produced -curprizing r e z u l r s  i n  conT;rast t o  those cbtained from t h e  

u r i n e .  Only two dosages ( 8r and 20r ) revealed no change i n  plasma 

ICSH f 0: 1 owi n5 i r r a d i s t i o n .  A t  t h e  higher  doses 78r,  200r and C O O r  

t h e r e  were d e f i n i t e  increases  i n  p l a m a  I S H .  This increase  wzs g r e s t e s t  

a t  600r where plasma ICSH vzlues were double t h e  c o n t r o l  value5. 
I 

The f a l l  i n  u r i n z y  t e s t o s t e r o n e  and the  ccnconitant r i s e  i n  

ICSH scrongly suggests  ch i t  i r r a d i a t i o n  is causing Leydig c e l l  f a i l u r e .  

Fre1ir.i-inary obzervaCions frm Ley6iy c e l l  qumtitdti ioii  r evea l  an irrcrease 
L 

i n  Leydig c e l l s  ( vide Eupra ). It i s  suggested t h a t  t h i s  increase  i n  

Leydig c e l l  number: i s  an effort to compensate f o r  t h e i r  f a i l u r e  i n  

--- 

f u n c t i o n .  

h. We a r e . j u s t  beginning t o  obtain r e s u l t s  from 

plasma t e s t o s t e r o n e  de te rn inz t ions  using a cm;e t i t ive  proteir :  binding 

method. 

( 3 6  plasma s a r p l e s  ) i s  515 - 164 ( S.D. ) ng/100rnl w i t h  a range of 

212 - e96 ng/100ml. P r e l i n i m r y  d a t a  f r s m  t w o  subject2 at 600r and 

two zub jec t s  a t  200r i n d i c a t e  no  s t a t i s t i c a l  change i n  plasma testes- 

t e r c n e  f o L l o ~ t n 5  i r r z c i a t i m . .  

each dose l e v e l  ( 29r, 7er,  2 C O r  and 600r ) t o  d e t e m i n e  i f  i r r a d i a t i o n  

haz any e f f e c t  u?on ~ l a s n a  t ez t cc t e rone .  

The n o r m 1  r d e  c o z t r o l  value obtained i n  t h i s  L b o r a t o r y  
+ 

.. Kore samples are  n3w beins  assayed a t  
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4 .  1lc.monal Accr-pl-irhnents Relevant t o  Dcl ineat ina 

1;ornal Hcrnan Tcst ico lar  Fhycio lmy;  Nethods Uzed and b!ew I4eThods of 

Approach. 

a.  Tocal goncidotropins 

A l l  urinery gonadotropins a r e  ex t r ac t ed  by t h e  
( 26 1 

Xaolin-Acetone p r x e d m e  deEcribed by 3-lbert . The p r e c i p i t a t e  

obtained thereby i s  then asshyEd separa te ly  for t o t a l  gonadotropin, 

FSH, and ICs3 a c t i v i t y .  

Urinary totai gonadotrc?ins were asczyed i n  each sub jec t  a t  all 

i r r a d i a t i o n  dose$. The ovarian weights of immatu re  r a t s  were used 

as t h e  end poin t .  

s tandard ,  P-22-C, which caused a p a r a l l e l  increase  i n  ovarian weight 

Thcee weights were expreszed 5n milligrams of a 
I 

W 

i n  t h e  assay animal. 

Urinary ICSH was measured using the hypophysectomized 
( 27 1 

rat v e n t r a l  p ros t a t e  btzjassay devised by Greep, -- e t  a l .  

p l e t e  z t s t i s t i c a l  evaluat ion 3f t h e  ur inary ICSH bioassay d a t a ,  us ing  

t h e  Thorslund-Pauken p a r a l l e l - l i n e  technique 

. A com- 

( 28 
f o r  es t imat ing  

potency was ca r r i ed  out using t h e  IBM 7040 and 7094 computer f a c i l i t i e s  

a t  the University of k'azhington. 

m i l l i v a m  equivalents of a ~ e r g o n a l  reference prepara t ion .  

Urinary ICSH da ta  is expressed i n  

The ICSH control data have been analyzed and y i e l d  a mean of 

0 .69  mg of Pergonal and a scandard deviat ion equal t o  0.10. 

d i s t r i b u t i o n  function x y  be approxinated by a normal curve ( x = 0.69, 

The 

s.d. = 0 . 1  ). 

b@t I, >..> 
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c. U ~ i n a r y  f c l l ic le -sz i r? .u la t ing  hornone’ (FSH) 

Urinaqt rSH was r,Eassred by the  ovarian weight 
( 1 )  

a q m e n t a t i c n  techniqce . A ccm;>Lcte s t a t i s t i c a l  evaluat ion of t h e  

u r i n c r y  FSS bioassay d a t a  u s i n 5  the  p a r s l l e l - l i n e  technique for 

e s t i n a t i n g  potency waz c s r r i e d  out with t h e  use cf a Fortran I1 program 

and the  C c n p x e r  Ccncer of the  Universi ty  of 6!a5hington. Urinary FSH 

i z  estimzted i n  terms of a standard Prrgonal reference preparat ion.  
(28) 

I n  1968 a l l  FEE de:= was re-analyzed us ing  the  Tnorslund-Paulzen 

p s r a l l e l - l i n e  prc;rm. 

obtained using tlle s lope - ra t io  technique,  however, addi t iona l  information 

was obtained concerning t h e  i n t e r n a l  consistency of tho aEsays ( A ,  

Finney’s g ,  F - t e s t s  ). For normal, heal thy men, our laboratory control 

The r e s u l t s  a r e  almost i d e n t i c a l  with thoze 

value5 have a medn of 0.11 mg P26e/ZShr and a standard devia t ion  of 

0.04. The frequency d i s t r i b u t i o n  of :cores m y  Le approximated by a 

normal d i sCr i3u : i cn ;  mean = 0.11 and ztan2ard deviat ion = 0.04. A 

goodness of f i t  t e E t  y ie lded X 2  = 12 .5 ,  which is less than the  X 

0.05 and 6 d c g x e s  of freedom. We a r e  now i n  t h e  process of re-analyzing 

t h e  vaEt amount of ur inary FSH and ICSH da ta  we have accumulated. 

assay  is being c a r e f u l l y  evaluated both personal ly  and with t h e  a i d  of 

t h e  coEnputer. T h i s  ana lys i s  w i l l  continue for  some time because of t h e  

t ime  involved i n  evaluat ing  each responEe t h a t  has been obtained i n  a l l  

subjec t2  who received i r r a d i a t i o n .  A f t e r  t h i 5  ca re fu l  ana lys i s  has been 

completed it will be inspected f u r t h e ?  t o  detern ine  i f  t he re  is a dose- 

2 at 

Each 

r e s p m s e .  
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d .  UrLrary t e s t o s t e r c n e  

The ur inary  tes toz te rone  method we f x n e r l y  

used t-ezruzed tcszos te rone  and i t s  ep ine r ,  ep i t c s toz t e rone ,  conSined. 

This r+r?.x3 inv3Lves ei1iyr.e hydyolysis of the  t e c t o s t e r r n e  glucuronide 

.- 1.. t ? .~  = F i n e ,  Eclvent ex t r ac t ion ,  and washing t o  remove p c l a r  contarn- 

inant.. 

c h r c x t c z r a p h y ,  and t h e  tes tozterone-containing zones on the chromato- 

grams ::.ere locsted with a radiock;omatcgram Ecanner. The t e s t o s t e r o n e  

f r a c t i m  t:es qucntitazed cr ing  gar- l iqu id  c~rorna~ography by comparing 

t h e  d e t t c t o r  rezpclnse of the  sample tes tos te rone  t o  t h a t  of standard 

t e s toz t e rope .  

s n a l y s f s  = 59:; ) were evaluated by addi t ion  of t r a c e r  amounts of 

t r i t i e t z d  t e s t n s t e r x e  t o  eijch ur ine  s a q l e  and counting a one-tenth 

aliqGz2 cf t h e  ’ res- l t -znt  t e s t c s t e r o n e  f r a c t i o n .  

Ti?e ss..n;le was f u x h e r  9 u z ’ i f i e d  by t>,;in-laye.=. and paper 

Los,ces during processing ( mean recove.--y f o r  900 

W , 

I n  3.969 we changed z.et>odolqy and used a new and more specific, 
, 

techniqlie for c l n z r y  tes tos te rone  glucuronide i n  which t e s t o s t e r o n e  

and e p i r e s t o r t e r o m  \:‘ere Cetermined separately . It was c a r r i e d  

o u t  a t  fne Swedish Eospi tEl  Xedical Center Department of Pathology . 

under t h e  d i r e c z t o n  of Fir .  Arthur Olson. 

( 25 1 

However, as mentioned before ,  

we have discont inued analyzicg ur inary  tes tos te rone  i n  favor  of plasma 

t e s toz t e rone .  

e .  Plasrrl& FSH and IC% 

Tne radioirumnoascayc of human plasma ICSH and FSH 

z r e  bzse3 cn t h e  conpet i t icn  between l abe led  and  unlabeled an t igen  s f t e s  

on s p e c i f i c  zn t ibodies .  The importance of t h i s  aEsay procedure r e s i d e s  i n  
/ 

l O b b 5 2 3  



-45- 

its a b i l i t y  t o  ~ p c c i f l c a l l y  mncure  p r o t e i n  q u a n t i t i e s  i n  t h e  range 

of ng ( 10 . -9 g ) CII' pg ( 10-l2g ) *.Qhich i s  500 - 1000 t imer  more 

s e n s i t i v e  than bics-csay pxcs3ures. 'It a l s o  enables us t o  measure a 

l a rge  nur?.Ser cf sarn?'les si once u s i t y  zrr.all volumes of p l a m a  o r  serum. 
_ . -  . . . 

A l l  r e a c t a n t s  a r e  d i luze5  i n  t h e  following buffer:  0 . 0 1  E phosphate, 

0.15 M Xstl, 37; normal r g 5 b i t  sei-urn, 0.027: merth io la te ,  pH 7 . 8 .  The 

reager,tE fo r  r s 3 i o l r : x n o a s s ~ y  aze s q p l i e d  by t h e  S a t i c n a l  P i t u i t a r y  

Agency znd t h e  Endocrine ,Coc;ion of t h e  Xat ional  I n s t i t u t e  of A r t h r i t i s  

and Ketabolic Disez,cec and include r a b b i t  anti-HCG, LX-LCR-96G ( f o r  

l a b e l i n g  ), FSH-8€9-2, rabbir snti-FSE, and ICSH and FSH p i t u i t a r y  

r e fe rence  prepara t ion  LZi? 937.  

The i od ina i ion  proceSure i s  t h a t  descr ibed by Greenwood and 
( 29 1 

E n t e r  . C a r r i e r  f r e e  1311 i s  obtained i n  approximately 2 mc 

. amowtr i n  p l a s t i c  p l y v i a l s  froa t h e  I soserve  Corporation, Canbridge, 
_ .  l!assachu-crttE. Tho fo l lox ing  reagentz  a r e  t h e n  added t o  t h e  v i a l  using 

Etandard p r s p i r a t i c n s  f o r  hszdling l a r g e  anounts cf r ad ioac t ive  iodine: 

1. 2 5 A  of a 0 . 4  1.; POS, pH 7.5.. 

2. 10): of 2 pg of I C 3  or  FSH i n  a 0 . 1  M PO4, 0.15 M l!aC1, 

pH' 7 . 8  buffer .  

3. 10h of chloranine I ( 25 mg i n  10  m l  of above bu f fe r  ). 

4*4 . 251, of Na2 S205 ( 25 mg in 10 ml of above bu f fe r  ). 

. The e n t i r e  r e a c t t o n  mixture i s  app l i ed  t o  t h e  exposed suyface of 

c t h e  Sephzdex G-75 c o l m n .  ine c o l u m  i s  prepared i n  a soft 5lass  tube 

previously e q u i l i b r a t e d  i n  0 .01  !3 PO4 NaC1, p3 7 . 8  a t  room t en?e ra tu re ,  

I O b b 5 2 4  
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i 
and Sephadex wi th  

i od ina ted  horaone 

e13cnin, thereby prevent izs  absol-?cion of r ad io -  J 
cnto the  glass tube.  Soparaticn of ICSii-131i or FSH- 

13'1 f ron inorganic  15'1 i s  achieved by paesing t h i s  s o l u t i o n  through 

t h e  Sephadex colunn. 

20 t u b e s ,  and counte:! i n  t h e  gan7.a counter.  I n  our previour. studie:, 

Tne e luantc  a re  co l lec ted  t e n  drops  per  tube for 

t w o  peaks of r a d t o a c t i v i t y  a re  o3tained; an e a r l y  peak beginning a t  

t u b e  t h r e e  t o  f i v e  and t r a i l i n g  off Cy tube s i x ;  and a second peak 

con ta in ing  f r e e  13'1 beginning a t  about t u b e  seven. The I C S H - I 3 l I  o r  

i s  ccntaincd i n  t h e  f i r s t  peak and genezally t h e  tube h igh  on 

1311 t h e  t r a i l i n g  edge of t h i s  peak contains the least damaged fCS3-i- 

or FSH-131.1 and is used i n  the  assay. The s p e c i f i c  a c t i v i t y . o f  ICSH-1311 

between 200 t o  509 pc per  pg, and is 250 t o  

The radioimnur60;sszys will be ca r r i ed  out 

650 pc per pg 

uzing W e l l ' s  

methods with s l i g h t  m3ifica:ions. 

10  x 75 n .  tubes  i n  t h e  following order:  

A l l  reagents  w i l l  be added to 

1. b u f i e r  ( as mentioned e a r l i e r  ) t o  make a t o t a l  volume of 

1.0 nl. 

2 .  100A ( pl ) of 0.1 MEDTA, pH 7.8. 

3 .  200h of plasm t o  be assayed ( or of "standard hornone" ). 

1311 4 .  1007~ containing 0.05 t o  0.15 v g  ICSH-1311 or FSH- 

5. 100A of a n t i s e r a  s u i t a b l y  d i lu t ed  usua l ly  1:10,000 ( f i n a l  

d i l u t i o n  1:100,000 f o r  anti-RCG ) o r  1:40,000 ( f i n a l  

d i l u t i o n  1: 430,000 f o r  anti-FSH ). 

Com21ete s tandzrd dose-response cu?ves a r e  r u n  i n  a l l  assay:, and 

I 
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p l c t t e d  on a seailcg paper .  

o r  FSI! a r e  sdded in s t ead  of plasma. The range of stanciard we a r e  

cs ing  i c  frca 0.1 aiU to 100 m I U  ( 1 n N  = 2.08 mpg of LZX-907 f o r  

iCSZ an:! 5.0 m , q  f c r  FS3 ). 

4 C a t  which t h e  5 0 A  of anti-XGG ( 2nd antibody ) i s  added t o  each . 

tu3e  an3 the  nixzure incu%cecl 24 hour: longer a t  4OC t o  achieve 

separation of ancibady-bound from f r e e  I C S H - ~ ~ ~ I  or FSH- 1311. 

are then centr i fuged ai 500 g and t h e  supernstant removed by suc t ion .  

b d i o a c t i v i t y  i s  r.earured i n  a gan.a spectrometer, and e l l  r e s u l t s  

expressed as  a per  cent of counts p e r  p r e c i p i t a t e .  

def ined as 

body. In our previous studies ,  5 - 10% of iodinated hormone was non- 

s p e c i f i c a l l y  t,?apped i n  t h e  p r e c i p i t a t e .  

For t h i s  purp-zse knc.m amounts of ICSH 

A l l  tubes  are  incubated f o r  f o u r  Zays a t  
0 

Tubes 

Zero per  cent is 

ICSH-13% ( F . s H - ' ~ ~ I  i n  the  ca fe  of FSH ) bound t o  anti- 

These counts could be renmed 

by washfng t h e  p r e c i p i t a t e  but  t h i s  was found not t o  con t r ibu te  

s i g n i f i c a n t l y  t o  t h e  prec i s ion  of t h e  erzay. 

def ined  as t he  number of countz p rec ip i t a t ed  in tubes containing 

ICSH-1311 or FSH-1311: and antibody, but no unknown or standard ICSH or 

FSH. 

One hundred per cent is 

The r e s u l t s  a r e  calculazed i n  terms of pg of LEX-907 per  100 ~l 

of pla.rna. 

a long  k?iih t h e  unknotsn plasma. 

Each assay of pooled plasma is run as a c o n t r o l  r e fe rence  

The p l a z m  senples of t h e  same subject  a r e  run i n  the same aszay 

We have found t h a t  t h e  i n t r a - a s s a y ' v a r i a t i o n  .( 2 S.D. ) if poss ib l e .  

i s  5 21% f o r  iCSij and 2 19% for FSY. 
. +  $. 12 - 31% for IC% an:! - 30% fa r  FS2. 

The in te r -assay  v a r i a t i o n  ( 2 S . D .  ) 

Tnese techniqtles a r e  capable of 

1 0 b b 5 2 b  
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rri tasurin;  between 0 . 8  ng t o  39 ng p e r  asssy tu5e f o r  ICSH and between 

4 ng t o  75 35 p e r  assay tube  f o r  FSH. 

ccncent ra t ion  of plasma IC%' taken fron 50 heal thy men iz 9.04 - 2 - 6 5  pg 

LE3937/100rnl. 

hez l thy  men is 3 4 . 4  - 8.55  p g  LEI?-907/100ml. 

We have found t h a t  t h e  average 
+ 

The average concentrat ion of plasma FSti taken from 35 
+ 

Since s tandard LE4?- 9C7 was suggested by the  National P i t u i t a r y  

ksency ir. 1968, two l a b o r a t o r i e s  w e  have compared our reEults with a re  
( 32 1 33 1 

::a nL i n and Paulcen , Our r e s u l t s  are comparable t o  these 

t t i o  l z b c r a t o r i e s  i n  tern5 of p g  LER-907/100nl phsma,  a s  shown i n  t h e  

i men , mean range . i men I mean range 
1 i I 

low l abora tory  ,i 50 I 9.0 4.8 - 15.3 I 35 34.0 22 - 45.. I I 
( 3 2 )  

]:ankin 79 j 7.6 3 - 21.0 1 19.0 8 - 41.: 
(33) . 

23 - 53 Paulsen - i -  - 
I 

.e- - pg L3!-907/100ml plasma 

We have elso exchanged blinded samples wizh Dr .  Paulsen and found 

equ iva len t  valuec . 
Our  previous r e s u l t s  a r e  a l so  cornpxable t o  mIU 2nd IPZ-EYG i f  

ccr;version f a c t o r s  a r e  used. However, there  i s  confusion i f  nIU of LER-907 

i s  used, becauze cther conversion factors a r e  involved of which, unfor-  

e b ~ . I c - e ~ y ,  .--- zany i n v e e t i g a t c r z  are  not aware. ( radioinmunoassay 1 ~ I U  
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Funct ional  prcpuSsrzl 
c a E cra s e sync r aiIe 

+ .  

= 4.6 n?U 2nd P F - K G  f o r  I C S H ,  and 1 nIU ZER-937 = 1.9 nIU 2nd 

IZ?-EX f o r  FSH ) . 
I n  a d d i t i c l ,  we have a l so  meazured p l a m a  ICSH and FSH i n  men 

e x h i b i t i n s  a var ie ry  of abnornal condi t ions.  

l i s t e d  i n  t h e  fcLlowin5 t a b l e :  

A few of t h e s e  are 

I 
Plasma ICSH" Plasm FSH" 
pg LE?-907/100ml ; pg LER-907/100nl 

I 

Hyp c,-onad o t r  o p i  c hypo- 
g on ad i sm, 

!Surgical castrEte 
I 
i s e r to l i - ce l l -oz ly  syn6rc.e 26.6 

1 121.3 I 

114.0 

i Pos tne  n q a u  s a1 s y n s r  ome 

I 
)nzle  c l i m a c t e r i c ,  syndrcae 

I 

I 
b 

4 .0  

65.5 

52.6 

17.5 

222.0 

111.5 

126. S 

436.0 

194.0 

* Kornal men ( ICSH range 4.8 - 15.3; FSH range 22.0 - 4 5 . 4  ) 

f .  . P l a z i ; ~  t e s t o s t e r o n e  

Plssriz t e r t c c t e r o n e  i s  measured by competi t ive 
( 34 1 

p r c t e i n  bindins  by t h e  method of Murphy 

of planrz  with e t h e r  t h ree  t imes,  shaking each time on a Vortex mixer. 

T3e e t 5 e r  phaze i s  d r i e d  d c m  in a water  bath a t  4S°C with f i l t e r e d  aiz  

an:! t h e  e x t r a c t  then placed on a colsm chronatograph of Sephadex LH-20 

. This involves  extraction 
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( colunr; dincnsicn: s?2roxir tarely 3/8:' x 17" ). The solvent  system is 

c h l c r ~ f c r n : h e ? t a n e : e t ~ ~ ~ o l : ~ ~ ~ ~ € r  i n  t h e  prcpor t icns  50:50:1:0.12 

( sa tu ra t ion ) .  Tne t e s t c s t e r o n e  f r a c t i c n s ,  loca ted  by running an  

i d e n t i c a l  co lmn  of t r i c i u n - l a b e l e d  t e s tos t e rone  only, a r e  co l lec ted  

tn 2 . 5  ml aliqucts an5 d r i e d  down. 

To de te ra ine  the  anaunt of t e s tos t e rone  i n  these  f r a c t i o n s ,  standard 

curves a r e  set  u~ f o r  each assay .  

.1, . 2 ,  . 4 ,  .6, . 8 ,  1 . 0 ,  1 . 2  and 1.5 ng of t e s tos t e rone  i n  e thanol  a r e  

d r i e d  down. To tl-,ese Etandzrd curve tube5 and the  f r a c t i o n s  containing 

unkriovn amcunts of t e s t c s t e r o n e  are added .1 r3 of "prozein t r ace r "  

A Eerie: of tubes containing 0,  

( 0.1 m l  t o i r d  t r i ce : t e r  pregnancy plasma, 0.09 m l  of 10' pc/ml 3H-T i n  

e t h a n o l ,  10  ml .2 1.: phcs?h6?e b u f f e r  ). The t u b e s  abe then  incubated 

f i v e  minute; a t  45 C ,  then 30 minutes a t  4 C. All following procedures 

a r e  ca r r i ed  out a t  Z°C. 
\A 

0 0 

A 1 m l  a l i q u o t  of 10% Korenman'z susFension ( i n  

phosphEte bu f fe r )  i s  rhen added t o  each tube t o  adsorb f r e e  t e s tos t e rone ,  

and t h e  tubes incubczec! f o r  f i v e  minutes.  The tubes a r e  shaken for one 

minute,  then cenr r i fused  a t  4000 rpm f o r  f i v e  minu tes .  

of t h e  supernatant i s  p ipe t t ed  of f  and  counted i n  a s c i n t i l l a t i o n  

counter .  

s tandard  curve t abes  i s  used to determine the  anctlnt of t e s tos t e rcne  in t h e  

p l a s m  sample. 

A 0.5 ml a l iquo t  

The curve obtained by p l o t t i n g  cpm vs.  ng t e s tos t e rone  i n  t h e  

Eesul t s  a r e  r epor t ed  a s  ng testosterone/lOOnl plasma. 

Triis assay can be performed by two persons i n  two 'and one-half days,  

running 1 4  colurcns - s i x  d u p l i c a t e  samples, one t r a c e r  colunm, and one 

pleqna pool cc luzn .  We found t h a t  all 5lzzsware  st be wazhed u l t ra -  

E o n i c a l l y  , then washed 

d o u b l e - d i s t i l l e 5  E20. 

wizh d i s t i l l e d  e thanol ,  and f i n a l l y  washed with 

Ether used i n  t he  ex t r ac t ion  must be freshly 

I O b b 5 2 9  
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C-L 
L A , .  d i z t i l l e d  . \:'e f i n d  we can r u n  th ree  assay5 every t v o  weeks, with 

f o r t u i t o u s  t i n i n ;  of aishwashinq, d i s t i l l a t i o n s ,  e t c .  We c u r r e n t l y  

do not  d i s t i l l  The so ivents  i n  our Eolvent system; ins tead ,  we t r e a t  

t h e  solvenc s y s c e n  v i t l t  l!mic A and f i l t e r  through a Piil l ipore system. 
. .  .- . . .. One of the biggest  p rob leas  i n  a l l  plasma t ez tcs te rone  aEsays by 

( 3.4, 35 1. 
con2e t i t i ve  prs'-,cin binding has been the  solvent blank in 

t h e  chrozatoTaFhy procedures. It a f f e c t s  the amount of t e s t o s t e r o n e  

"seen" by t h e  pro te in  - e i t h e r  by competing with tes tos te rone  or somehow 

a l t e r l n g  the site of binding. Tnere is still much discussion on t h e  

mechanism of t h i s  e f f e c t .  9e:iSes prezent ing problems f o r  t h e  atandard 

curve,  t h e  ,solvent blank i s  oft2n nOi reproducible. 

It has been s u ~ g e ~ t e d  t h a t  the  e f f e c t  of the  solvent bl.ank be 

nsubZractedlt frcs t h e  starzasrd curve.  This i$ not possible, as t h e  

s c l v e n t  blank e f f e c t  va r i e s  v i t h  t h e  l e v e l  of t e s t c s t e rone  
\ ( 34,  35 ) 

This me?hod e l i n i n a i e s  both prckdems. Chromatzgraphy on LH-20 

p r e s e n t s  a small 2nd reproducible solvent blank. Since an accu ra t e  

a l i q u o t  of 2.5 nl of Eolvent i s  co l l ec t ed ,  it is possible t o  add 2 . 5  ml 

of so lvent  t o  each of the  tukes of t h e  standard curve, compensating for 

its e f f e c t .  With '24 d q l i c a t e  and t r i p l i c a t e  plazma samples ove r -a  

range  of 0 .1  t o  1 . 5  n c  t e s t o s t e r o n e ,  t he  average Z di f fe rence  

1ar;rer value - smaller.value 
x 100 is 5.2%, with a range of 

0.2 t o  16.S% l a r g e r  value 

I n  water blanks tes toEterone was undetectable. An ind ica t ion  of 

mizirs;un s e n s i t i v i t y  i s  t h e  de t ec t ion  of tes tos te rone  a t  the  f e r d e  l e v e l  

I O b b 5 3 0  . 
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v i r h  a p l a s r s  Ear..-,le cf 0.S 31. Fron t h i s ,  and i n d i c a t i c n s  f r o m  the 

Ehape of a 31?rofi le"  ccrve,  we can obtain by plozzing eluate volume 

vs. ng t c s t c s t e rc r , e  eqLivalenc, we can r o u t i n e l y  . d e t e c t  0.5 ng 

& , e s tosze rme .  
r 

We have done t h e  f ollo;?ing p l a e m  t e s tos t e rone  de te r -  

minat iocs : 

Sul, j e c t  Test os t e r m e  (ng/lOOml) 

Funczicnal Frepuheral  caEtrate  (age 14) 60 

A fena le  pa r i en t  hzd a plasma tecros te rone  l e v e l  of 42 ng/100ml. 

J 

Sl;b ject E re'ceiving r e s  ccterone prop iona te  have t e s t o s t e r o n e  leve ?-E 

exceeding 1100 ng/100rr.l. 

i Our genera l  'apreerztnt: with other es tab l i shed  methods of plasma , 

t e s t o s t e x n e  mea:uxriieEt is shown i n  the  following t a b l e :  

I 
1 0 b b 5 3 1  
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5 .  Sum.aiy of Sdec i f ic  2 ighl iThts  of Work t o  Da:e 

a .  Cytolcgical  
I 

S )  Develo2ment of a method f o r  t h e  cuz5titazirm 

of g e r 2 i n a l  c e l l s .  

ii) Dwe!.opment of a method f o r  t h e  q u a n t i t a t i o n  

of Leyjig celLs.  

iii) Confirmation of t he  timing of spemetogenes is  
( 11 1 

i n  n o x a l  r,en 2s re?orted by Hell?r and Clermont 

t h e  t o o l  

, with X-ray as 
( 16 1 

i v )  An ou t l ine  of the  q u a n t i t a t i v e  rezponse of 

t h e  various. germinal c e l l  type5 t o  irradiation at dose l e v e l s  of 

a p p r o x i m t e l y  10r t o  600r. 
I 

v)  Class i f i ca t ion  of t h e  dose-respmse for i 
t h e  var ic2c germinal c e l l  types.  

Lo#: doses ( 10r - l O O r  ) - spermatogonia a f f e c t e d  

I n t e r n e d i a t e  dose5 ( lOOr - 300r )- spermatogonia a f f e c t e d  a s  

w e 1 1  as zpermatocytes ( bu t  t he  l a t t e r  do not  aspcar v i s i b l y  

damaged under t he  l i g h t  microscope ) 

Eigh doses ( 400r - 630r )- all cell types  a r e  a f f e c t e d ;  

Epermatids, however, are not vi-cibly damaged Esing t h e  l i g h t  

microscope. 

v i )  Evaluation of t h e  e f f e c t  of biopsy upon 

v i i )  U l t r ac t ruc t c re l  desc r ip t ion  of four  types of 
( 8 )  

h m m  s;erzatogonia, a first i n  t h e  f i e l d  of e l ec t ron  nicrozcopy 

I O b b 5 3 3  
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v i i i )  ,preliminary i d e n t i f i c a t i o n  of ’another  type 
*.... L 

cf sper;;,atc;o:iiUr,, perliaps r a d i e t i o n - r e s i s t a n t  , f r c n  d a t a  on l i g h t  

n ic rcsco2ic  exGrLzszion of X-ray-depleted biopsies .  

i x )  Human germinal cel ls  embedded i n  Epon and . 

viewed under t h e  l i S 3 t  microscope have been described f o r  t h e  first 

t ime . I 

x )  Deterninat ion of ductulai’ t r a n s p o r t  t i m e  of 

mature spcr rz tozcz  f m n  t h e  time they s r e  r e l e a s e s  from the S e r t o l i  c e l l  

cyto3larm unrll t h e y  aspear  i n  t h e  e j a c u l a t e  
( 6 )  

x i )  D i s c o v e y t h a t  t h e  morphology of sperm dur ing  

t h e  recovery i s  n o r a a l ,  t h a t  is, t h e  t e s t i s  cleans i t s e l f  of abnormal 
*. 

cel ls .  

x i i )  Qua- t t i t a t ive  inspec t ion  of t h e  recovery of 

all doses s t u d i e d  f o l l o v i n g  i r r a d i a t i o n .  The e a r l i e s t  s p e r m t o g o n i a l  
L 

recovery begins zc agp=oximacely 150 days f o r  a l l  doses.  

x i i i )  Ind iv idua ls  given ?he same dose of X-ray 

i r r a d i a t i o n  respond i n  a s l i g h t l y  d i f f e r e n t  manner, i . e . ,  recovery 

may take lonser  i n  one t h a n  another.  

x i v )  Discovery t h a t  humans are unique wi th  regard 

t o  g e n r , i n a l  e p i t h e l i m  recovery,  as ccnpared t o  o ther  mamnals s tud ied .  

S n ~ v i v i n g  hurian s p e r z a z q o n i a  do not  repcpula te  before d i f f e r e n t i a t  ion 

occcrs as with mouse , r a t  , e t c .  I n  hurrans t h e  zpernatogonia d i f f e r e n t i a c e  

r q i d l y  into more r a t c r e  cells. Thus  dur ing  t h e  process of dep le t ion  i n  
( 21 1 

nouze , spematogonia  surv iv ing  i r r a d i a t i o n  damage quickly renew 
b 
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t h e m e l v e s  and r e p q z l a z e  the sen in i f  erous tubules .  Only. a f t e r  such 

renewal t akes  p lace  does d i f i e r e n z i a t i c n  occur-  In  man, fol lowing 

doseE of 15 t o  5 C r ,  the s r v i v i n g  spermatogonia do not re2opulate  the 

e n t i r e  se r , in i fe rocs  tukle, b u t  a f t e r  some s l i g h t  renewal e f f o r t ,  

f u r t h e r  denudes t h e  germinal ep i the l ium 

and f u r t h e r  lovers Epern ccont .  La ter ,  a s  more .spermatogonia begfn 

reneval b u t  al-ro begin  d i f f e r e n t i a t i o n ,  t h i s  phenomenon r e s u l t s  i n  a 

g r e a t  d e l a y  i n  recovery a t  a l l  doses ( 15  t o  600r ). 
. .. 

xv) Determination of t h e  durat ion cf each c e l l  . 
( 5 )  

type  by eva lua t ion  of ge rn ina l  cell quan t i t a t ion  

1 x v i )  Inmediate e f fec t  of X-ray on sperm morphology. 

During dep1et i .m speria re=iin noma1 following i r r a d i a t i o n  a t  doses  

below 400r; az 4 2 3 ~  azS above, sperm morphology is EevereLy darraged 

i n  t h e  f i r E t  67 days ' z f te r  X-ray, i n d i c a t i n g  damage t o  c e l l s  t h a t  were 

spermatids a t  the t i r e  of i r r a d i a t i o n .  

b. Ho-monal 

i) Accumulation of f u r t h e r  evidence toward 
( 43 1 

s u b s t a n t i a t  i n s  t h e  " u t i l i z a t i o n  hypothesis" , t h a t  i s ,  t h a t  . 

gonadctr 32 i n s  a re  :d i r e z t l y  r e  l a t e d  to t h e  func t  i o n a l  of t he  

t e s t e s .  This assunes t h a t  t h e  germinal element5 i n  the tes tes  normally 

u t i l i z e  gonadetrcpin an5 t h a t  following ce l lu la r  deple t ion  of the 

t G b u l e  less g o n a d o t r q i n  i s  u t i l i z e d .  This results in mare gonadotropin 

appea-in2 i n  the  venaus e f f l u e n t  of t h e  tes tes ,  t he  genez-al c i y c u l a t i o n  

and i n  t5e n r i n e .  This i s  cons i r t en t  with OLIZ f ind ing  tYrat t o t a l  gonado- 

tropins a r e  increased 2 s  t he  germinal epithelium i s  denaded fo l lowing  

I O b ' b 5 3 5  
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i r r a d i a t i o n .  

ii) Data shming  t h a t  urinary and plasma follicle- 

s t h u l a z i n g  hornme increases as the g e m i n a l  epi thel ium is deple ted  

following i r r a d i a t i o n ,  and decrea-ces as repopulation occurs.  

d a t a  reveal ing zhs: u r ina ry  ICSX does not increase following i r rad ia t ion .  

Also,  

iii) AdaFtatiorr of a method for the  radioimmunological 

determinatio;i of placsa  i’CS)i, which 111ow,r a r i se  in plasma ICSH 

following i r r a d i a t i o n .  

-- i v )  Leydig c e l l  funct ion ap?ears t o  be depressed 

by higher doses of i r r a d i z t i o n  as r e f l e c t e d  by l w e r e d  ur inary  teEtos- 

te rone  l eve l s .  

by increase i n  p l e c r . ~  ICSii and increase in Leydig c e l l  numbers a t  high 

Ccnpeneaccry nechanism seem t o  be e l i c i t e d  as r e f l e c t e d  
I 

dose l eve l s .  

*.*) Adzizict~ttS3~ cf excgezxs huran  choz-ionic 

gonadotropics f oll,c:.:irq i r r a d i a t i c n  revea ls  t h a t  t h e  Leydig c e l l s  are 

as capable of reEpon2ing t o  t h i s  Etinulus as a re  normal Leydig cells. 

Thiz  may expla in  Their respoEse t o  t h e  elevated endogenous ICSH. 

. 
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