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I. OBJECTIVES 

A .  ORIGINAL OBJECTIVES 

I n  t h e  i n i t i a l  g ran t  reques t  we proposed t o  apply known 

amounts of i on iz ing  r a d i a t i o n  d i r e c t l y  t o  t h e  t e s t e s  of normal men i n  

o rde r  t o  a s c e r t a i n  s p e c i f i c  c y t o l o g i c a l  and hormonal information.  With 

r e s p e c t  t o  t h e  c y t o l o g i c a l  information, we proposed: (1) t o  determine 

t h e  exac t  na ture  of t h e  cy to log ica l  de fec t  produced i n  t h e  development 

of t h e  germinal epi thel ium and t o  r e l a t e  t h e  ex ten t  of t h e  defec t  t o  

dosage and t ime;  

determine dosage to l e rance  ) t h a t  w i l l  a f f e c t  t h e  germinal epi thel ium; 

t 

(2 )  t o  f i n d  t h e  minimal dosage ( and thereby 

( 3 )  t o  determine t h e  time of recovery from any given dosage; 

determine the  minimal dosage t h a t  leads t o  permanent damage of spermato- 

gen ic  cel ls ;  

upon Leydig c e l l  cytology. 

(4 )  t o  

(5)  t o  determine t h e  simultaneous e f f e c t s  of any dosage 

With r e s p e c t  t o  hormonal information,  w e  proposed t o  determine 

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

upon o the r  parameters such as 

stitial ce l l - s t imu la t ing  hormone (ICSH) exc re t ion ,  (8) es t rogen  

e x c r e t i o n ,  and (9)  androgenic hormone exc re t ion .  

( 6 )  t o t a l  gonadotropin and (7)  i n t e r -  

, B. ADDITIONAL OBJECTIVES AND CHANGES I N  TECHNIQUES 

A s  t h e  work progressed and as suggest ions were made by t h e  

Advisory Committee of t h e  AEC ( meeting i n  S e a t t l e ,  November, 1963, 

December, 1965, March, 1967 and December, 1967 ), some parameters 

were added and some dropped. 
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Subsequently it was proposed t o  emphasize the  d e l i n e a t i o n  of t h e  

c y t o l o g i c a l  d e f e c t :  by q u a n t i t a t i n g  t h e  number of recognizably damaged 

c e l l s  during t h e  f i r s t  16 hours fol lowing r a d i a t i o n ;  by determining 

t h e  number of remaining c e l l s  of each c e l l  type  dur ing  t h e  denuding 

per iod  ( t h e  f i r s t  46 days ); and by a s ses s ing  t h e  problem of spermato- 

g o n i a l  renewal i n  man. 

Cytogenetics was introduced as a new parameter i n  order  t o  

ha rves t  t h e  g r e a t e s t  amount of information from t h e  continuing inves t -  

i g a t i o n .  The purpose of t h e  cy togenet ics  was t o  analyze chromosomal 

abnormal i t ies  fol lowing i r r a d i a t i o n  during meiosis and during mi tos i s ,  

i f  poss ib l e .  

Early i n  t h e  i n v e s t i g a t i o n  we observed a r ise i n  t o t a l  ur inary  

gonadotropins fol lowing any r a d i a t i o n  dose causing denuding of t h e  

germinal ep i the l ium.  Concurrently no change i n  ur inary  ICSH was 

observed. I n  order  t o  confirm which gonadotropin was involved we 

began measuring ur inary  FSH sepa ra t e ly  using t h e  Steelman-Pohley 

assay method 

ep i the l ium u t i l i z e d  FSH, s ince  ur inary  I C S H  d id  not  change and 

u r ina ry  t o t a l  gonadotropins increased.  

plasma FSH by radioimmunoassay. 

and add t o  o u r  da t a  obtained from ur inary  observat ions of FSH. 

observat ions on t h e  reduct ion  of ur inary  t e s t o s t e r o n e  suggested t h a t  

Leydig c e l l s  were a f f e c t e d  by r a d i a t i o n ,  a d d i t i o n a l  parameters were 

added t o  measure t h i s  e f f e c t .  These included q u a n t i t a t i o n  of Leydig 

( 1 )  . The ob jec t ive  was t o  a f f i r m  whether t h e  germinal 

We have begun measuring 

This method has  enabled u s  t o  confirm 

Since 
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ce l l s ,  radioimmunoassay of plasma ICSH and measuring plasma t e s t o s -  

te rone  by a com.petitive p ro te in  binding method. 

u l t r a s t r u c t u r a l  study of Leydig c e l l s  i s  underway t o  determine any 

u l t r a s t r u c t u r a l  changes i n  morphology of t hese  c e l l s  fol lowing 

Currently an 

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

C. ABANDONED OBJECTIVES 

F a  two years  we conducted exploratory i n v e s t i g a t i o n s  on 

t h e  mapping of meio t ic  ( pachytene ) chromosomes i n  order t o  e s t a b l i s h  

a b a s i s  f o r  t h e  eva lua t ion  of i r r a d i a t i o n  e f f e c t s .  Nei ther  s u f f i c i e n t  

p r e c i s i o n  nor q u a n t i t a t i v e  d a t a  r e s u l t e d .  

parameters or chromosomal breaks,  br idging,  t r a n s l o c a t i o n  and o the r  

gross chromosomal d e f e c t s  confirmed t h a t ,  i n  man, as i n  o t h e r  spec ie s ,  

Observing t h e  u s u a l  

r a d i a t i o n  a t  each dose l e v e l  ( including 10 r  ) caused damage. Since 

nothing new was being revea led ,  and following d iscuss ion  with t h e  

AEC Advisory Committee team ( S e a t t l e ,  March, 1967 ), t h i s  approach 

was abandoned. 

The same committee, being in t r igued  with t h e  f ind ing  of lowering 

of ur inary  t e s t o s t e r o n e  values  following i r r a d i a t i o n ,  suggested t h a t  

metabol ic  d e f e c t s  i n  t h e  t e s t i c u l a r  production of t e s t o s t e r o n e  may 

be involved. It was proposed t h a t  s tudying ur inary  pregnanediol and 

p regnane t r io l  might r e v e a l  t h e  metabolic de fec t  a s  was found i n  ra t s  
( 2 )  

by Ber l iner ,  e t  a l .  

Finding no change , th i s  p u r s u i t  has a l s o  been abandoned. 

. Hence these  two parameters were measured. -- 



- 4- 

11. MAIN RESEARCH ACCOMPLISHMENTS 

A. STATUS OF X-RAY IRRADIATED SUBJECTS 

Seven s u b j e c t s  were i r r a d i a t e d  again fol lowing complete recovery 

from t h e  i n i t i a l  dosage. Of t h e s e ,  t h r e e  received t h e  i d e n t i c a l  

dosage on each of two occasions,  t h r e e  received two d i f f e r e n t  dosages,  

and one received t h r e e  d i f f e r e n t  dosages. Each dosage i s  l i s t e d  

sepa ra t e ly  above. A l l  proposed i r r a d i a t i o n s  have been completed. 

2.  Biopsy Data 

Number of sub jec t s  i n  whom s e r i a l  b iops ies  were taken throughout 

t h e  i r r a d i a t i o n  per iod  ____________________-_--_- - - -_- - - - -_-_--  42 

Number of sub jec t s  i n  whom b iops i e s  were avoided fol lowing 

i r r a d i a t i o n  i n  order  t o  s p e c i f i c a l l y  eva lua te  sperm and 

hormonal a l t e r a t i o n s  ____________________-- -_-_--___-- - - - -_-_--  13 

Number of sub jec t s  i n  whom biops ies  were avoided only during t h e  

f i r s t  90 day c e l l  dep le t ion  per iod fol lowing i r r a d i a t i o n  ------ 19 
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3 .  Vasectomy Data 

Number of subjec ts  having had p re - i r r ad ia t ion  vasectomies ---------- 1 2  

Number of sub jec t s  vasectomized before r e l e a s e  ..................... 42 

Number of sub jec t s  not vasectomized before r e l e a s e  ----------------- 0 

4. S ta tus  of Frosram 

Number of sub jec t s  who completed recovery from i r r a d i a t i o n  
- -  _ _  

before r e l e a s e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 

Number of sub jec t s  re leased  before complete recovery from 
- .  

i r r a d i a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 

Number of sub jec t s  who returned a f t e r  r e l e a s e  b u t  before 

recovery was completed and t h e  inves t iga t ion  continued -------I 

Number of sub jec t s  cur ren t ly  under inves t iga t ion  ------------------- 
5 

21 
. .  

B. GENERAL STATEMENT 

For each parameter s tudied we have found t h a t  each subjec t  

must serve a s  h i s  own con t ro l .  This has been confirmed a s  r e s u l t s  

have been analyzed s t a t i s t i c a l l y .  

upon s t a t i s t i c a l  bases,  t h a t  t h e  number of con t ro l  observat ions necessary 

f o r  ‘each parameter w i l l  depend la rge ly  upon t h e  nature  of t h e  parameter. 

For example, a s i n n l e  con t ro l  t e s t i c u l a r  biopsy usua l ly  s u f f i c e s ,  whereas 

a minimum of 18 con t ro l  s e r i a l  weekly seminal f l u i d  examinations a r e  

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

Moreover it has been e s t ab l i shed ,  

For each method of ana lys i s  and f o r  each approach much time and 

e f f o r t  has the re fo re  been devoted t o  de l inea t ing  t h e  l i m i t s  and 

1 0 0 2 5 1  I 
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v a r i a t i o n s  of t h e  normal physiology of reproduct ion.  A s  a r e s u l t ,  

new methods of approach have been worked out and new phys io logica l  

p r i n c i p l e s  have been uncovered or more p rec i se ly  def ined.  

A s  a consequence of t h i s  a t t e n t i c n  t o  t h e  normal, many of our 

i n i t i a l  pub l i ca t ions  deal  with such problems. Examples a re :  "The 

t e s t - i cu la r  biopsy: s u r g i c a l  procedure, f i x a t i o n  and s t a i n i n g  technics", 
( 3 )  

Rowley, M. J. and Heller,  C. G . ,  F e r t i l .  S t e r i l . ,  1_7:177, 1966 

"Decreases i n  sperm concentrat ion due t o  t e s t i c u l a r  biopsy procedure 

i n  man", Rowley, 14. J. ,  O'Keefe, K.  B. and Heller, C.  G . ,  J. Urol. ,  

- 101:347, 1969 . "Human spermatogenesis: an es t imate  of t h e  

du ra t ion  of each c e l l  a s soc ia t ion  and of each c e l l  type". Heller, C. G . ,  

( 4 )  

Heller, G .  V .  and Rowley, M. J . ,  --- Progress i n  Endocrinology, I11 I n t e r -  

n a t i o n a l  Congress of Endocrinology, Excerpta Medica I n t e r n a t i o n a l  

Series, 184, 1012 . "Duration of t r a n s i t  of spermatozoa through 

t h e  human male duc tu l a r  system", Rowley, M. J . ,  Teshima, F.  and 

Heller, C. G . ,  F e r t i l .  S t e r i l . ,  - 21:390, 1970 

q u a n t i f i c a t i o n  of Leydig ce l l s  i n  man", Heller, C .  G . ,  L a l l i ,  M. F . ,  

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

( 5 )  

( 6 )  . "A method f o r  t h e  

( 7 )  

"The. u l t r a s t r u c t u r e  of four  types of human spermatogonia'?, Rowley, 
( . 8  1 

M. J. and Heller, C. G . ,  2.  Ze l l fo r sch . ,  __. 112:139, 1 9 7 1  . l'Quanti- 

t a t i o n  of t h e  ce l l s  of t h e  seminiferous epi thel ium of the human tes t i s  

employing t h e  S e r t o l i  c e l l  as a constant".  Rowley, M .  J. and Heller, 
( 9 )  

C. G . ,  2. Zel l fo r sch . ,  - 115:461, 1971 

Another developmental aspec t ,  regarding t h e  r a d i a t i o n  program, 

w a s  t o  so lve  t h e  problem of de l ive r ing  as uniform an amount of r a d i a t i o n  

as possible t o  a l l  depths of tes 'Cicular t issue of both testes without 

1 0 0 2 5 1 2  
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exposing t h e  subjec t  t o  any extraneous r ad ia t ion .  

convent ional  X-ray therapy u n i t s  on t h e  market a s  unsui tab le  because 

of l a c k  of means of uniform coverage of t h e  testes,  l ack  of assurance 

t h a t  uniformity from subject: t o  s u b j e c t  could be e s t ab l i shed  and 

l ack  of ( or awkward ) sh ie ld ing  p ro tec t ion  t o  t h e  s u b j e c t ' s  body. 

A simple po r t ab le  box was designed by Pe ter  Wootton ( phys ic i s t  ) 

t h a t  allowed t h e  scrotum and tes tes  t o  drop i n t o  a p l a s t i c  box of 

water a t  s c r o t a l  temperature and then be i r r a d i a t e d  by two X-ray tubes .  

The tubes  de l ive red  measured amounts of known q u a n t i t i e s  of i r r a d i a t i o n  

t o  the two submerged tes tes  simultaneously from two d i r e c t i o n s  without 

( or  with t h e  most minimal ) exposure t o  t h e  pe lv i c  region.  This has 

been summarized as "The e f f e c t s  of graded doses 0f" ioniz ing  r a d i a t i o n  

on the tes t icu lar  func t ion  of man. I. A por tab le  device for  de l ivery  

03 uniform doses of X-ray i r r a d i a t i o n  throughout ex te rna l i zed  organs ", 
Wootton, P. and Hel le r ,  C. G . ,  and i s  unpublished t o  d a t e  

We re j ec t ed  t h e  

( 10 1 

The accuracy of de l ive ry  of t h i s  X-ray i r r a d i a t i o n  device has 

been confirmed by phys ica l  as well as b io log ica l  dosimetry. 

phys i ca l  check was seen by a team from t h e  Hanford Washington AEC 

group under the supervis ion of D r .  W i l l i a m  Roesch. The b io log ica l  

The 

check was run by Dr. Eugene Oakberg, Oakridge, using well standardized 

male mice. These were submerged ( i n  spec ia l ly  designed conta iners  ) 

i n t o  t h e  p l a s t i c  box i n  the same pos i t i on  as the s c r o t a l  t e s t e s .  

were exposed t o  a s i m i l a r  s e r i e s  of graded doses of r a d i a t i o n  as the 

s u b j e c t s '  teste:. The resu l t s  were comparable t o  s i m i l a r  s tud ie s  a t  

Oakridge, Berkeley, and M.I.T., and v e r i f i e d  t h e  accuracy of exposure. 

They 

1 0 0 2 5 1 3  
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See Fourth Yearly Progress Report f o r  d e t a i l s  ( 1966-67 ) .  

Our pas t  da t a  has been s t a t i s t i c a l l y  evaluated with t h e  view t o  

adding observations t o  each parameter, where requi red ,  i n  order t o  

a s su re  a s t a t i s t i c a l l y  acceptable  r e s u l t .  For example, i n  order t o  

consol ida te  information regarding hormonal changes r e s u l t i n g  from 

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

high dose ( 600r ) were se l ec t ed .  It was decided t h a t  ur ine  

c o l l e c t i o n s  f o r  hormonal analyses must be made i n  e igh t  day pools 

repea ted  s i x  t imes during t h e  con t ro l  period i n  order t o  e s t a b l i s h  

a s t a t i s t i c a l l y  v a l i d  base l i n e  f o r  each subjec t  f o r  comparison with 

p o s t - i r r a d i a t i o n  r e s u l t s .  The number of sub jec t s  per dose and t h e  

number of p o s t - i r r a d i a t i o n  observations were a l s o  pre-determined. Some 

of the s tud ie s  have been completed, o thers  a r e  cu r ren t ly  being 

performed and o thers  a ~ e  projec ted .  

s t a t i s t i c a l l y  s i g n i f i c a n t  i n s i g h t  i n t o  t h e  hormonal changes. 

same goal i n  mind we have s imi l a r ly  appl ied s t a t i s t i c a l  ana lys i s  t o  

our  germinal and Leydig c e l l  quan t i t a t ion  and sperm count evaluat ions.  

C. ACCOMPLISHMENTS WITH SPECIAL REFERENCE TO ORIGINALLY STATED 

I n  t h e  end, we expect- t o  have a 

With t h e  

OBJECTIVES AND PLANS FOR CONTINUATION OF PESENT OBJECTIVES. 

1. Cytological  Ob j e c t  ive  s 

a .  Objective: "To determine t h e  exact nature  of t h e  

cy to log ica l  de fec t  produced i n  the  development of t h e  germinal 

epi thel ium and t o  r e l a t e  t h e  extent  of t h e  defec t  t o  dosage and time." 

I n  the  following d iscuss ion  dosage has  been divided i n t o  rclow'l, 

" intermediatecT,  and l lhighlt  , according t o  t h e  cy to logica l  response 

e l i c i t e d  by exposure t o  each dosage. 
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Low dosage e f f e c t s  ( 10 - l O O r  ) :  Examination of s e r i a l  

t e s t i c u l a r  biopsies  following exposure t o  i r r a d i a t i o n ,  revealed t h a t  

t h e  spermatogonia were pr imari ly  a f f e c t e d ,  and t h a t  more mature c e l l s  

were allowed t o  complete normal development. The overt  damage t o  t h e  

spermatogonia was revealed by pyknosis and other  s igns  of degeneration. 

The concealed damage t o  otherwise normally appearing spermatogonia 

became over t  a s  revealed by t h e  f a i l u r e  of t h e  c e l l s  t o  undergo 

mi tos i s  and produce pre lep to tene  spermatocytes. A t  t he  same t i m e  

( f o r  dosages of lOOr or l e s s  ) t h e  pre lep to tene ,  o ther  spermatocytes 

and t h e  spermatids f a i l e d  t o  r e v e a l  e i t h e r  overt  or concealed damage. 

The la t te r  was deduced from t h e i r  a b i l i t y  t o  undergo development and 

maturation ( including undergoing maturation-division ) t o  become 

normal mature spermatozoa and t o  appear i n  t h e  e j a c u l a t e  a s  normal 

spermatozoa i n  regard t o  numbers a s  well  a s  morphology. 

lep to tene  spermatocytes were not replaced by t h e  spermatogonia, 

however, t h e  production of sperm ceased when deple t ion  was completed. 

Thus t h e  t h r e e  consequences of dose i r r a d i a t i o n  a r e :  1) denuding 

of t h e  germinal epi thel ium, 2 )  damage t o  spermatogonia, and 3) reduction 

Since t h e  pre- 

of number of sperm i n  t h e  e j a c u l a t e  t o  azoospermia a t  t he  l O O r  dose. 

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

obtained a t  i n t e r v a l s  of fou r  t o  s i x  hours,  16 ,  24, 40, 46, 60 and 72 

days following i r r a d i a t i o n .  The germinal c e l l s  were s tud ied  by l i g h t  

microscopy. 

t e s t i s  was a f t e r  46 days.  

The f i r s t  time of v i sua l i z ing  t o t a l  deple t ion  i n  t h e  

This i s  exac t ly  t h e  period of time needed 

1 0 0 2 5 1 5  
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f o r  development of t h e  preleptotene sperma%ocyte i n t o  a mature 
( 11 1 

spermatozoa about t o  leave t h e  S e r t o l i  c e l l  cytoplasm . The 

time of v i s u a l i z i n g  the  f i r s t  e f f e c t  following i r r a d i a t i o n  was four  

t o  s i x  hours. 

spermatogonia. 

by t h e  seminal f l u i d  was a f t e r  46 days. 

The germinal c e l l s  damaged a t  t h i s  time were the  

The time of t h e  f i r s t  e f f e c t  of X-ray as revealed 

This i s  accounted f o r  by t h e  

normal development of spermatocytes ( 46 days ) plus  t h e  t r a n s i t  

time ( 2 1  days ) during t r anspor t  of sperm through the  duc tu la r  

system t o  t h e  e j a c u l a t e .  Hence azoospermia was not revealed p r i o r  t o  

67 days. 

The intermediate  dosages of X-ray i r r a d i a t i o n  ( l e s s  than 400r, 

g r e a t e r  than lOOr ) cause degeneration i n  an add i t iona l  group of c e l l s ,  

t h e  spermatocytes. I n  con t r a s t  t o  t h e  lower dosages where the  s2ermato- 

cy tes  develop normally, a t  intermediate  doses,  these  c e l l s  a r e  covert ly  

in ju red  and not all a r e  allowed t o  proceed through normal maturation- 

d i v i s i o n .  A s  a r e s u l t  spermatids a r i s i n g  from i r r a d i a t e d  spermatocytes 

a r e  decreased i n  number. 

Spermatogonia a r e  ove r t ly  in jured  and t h e i r  numbers a r e  decreased 

even more than a t  t h e  lower doses.  This u l t imate ly  r e s u l t s  i n  a 

longer recovery t ime. Therefore, we have found t h a t  a t  intermediate 

dosages of between 100 and 400r: 

1. Spermatogonia show overt  damage but no decrease i n  numbers 

wi th in  t h e  f i r s t  24 hours.  

2. Spermatocytes a r e  cover t ly  a f fec ted  and degenerate while 

proceeding through maturat ion-divis ion.  
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3. The r e s u l t  of spermatocyte in ju ry  i s  a s i g n i f i c a n t  decrease 

i n  spermatids.  

4. The sperm count r egu la r ly  f a l l s  t o  azoospermia a f t e r  approx- 

imately 67 days.  

5. The seminal f l u i d  f a i l s  t o  r e v e a l  the  reduct ion i n  normal 

spermatid numbers during t h e  f i r s t  46 days. This i s  poss ib ly  

accounted for by t h e  time of res idence of spermatozoa i n  t h e  duc tu la r  

system. This v a r i e s  from one t o  2 1  days . Thus mixing of 
( 6 )  

genera t ions  of spermatozoa may obscure t h e  reduct ion i n  tes t icu lar  

production of spermatozoa. 

High doses of i r r a d i a t i o n  ( 400 - 600r ) y i e l d  a f u r t h e r  response.  

A l l  ce l ls  of the germinal series a r e  in ju red .  

spermatocytes a r e  over t ly  damaged and spermatids a r e  cover t ly  damaged. 

The a d d i t i o n a l  damage t o  spermatids ( revealed by quan t i t a t ion  of 

germinal cel ls  and sperm count ) and t h e  over t  spermatocyte damage 

are found only a t  t h i s  high i r r a d i a t i o n  dose.  

severe  decimation of c e l l  numbers p r i o r  t o  46 days,  t h e  sperm count 

also f a l l s  sharply p r i o r  t o  46 days. 

Spermatogonia and 

A s  a r e su l t  of t h e  

Thus, a t  high dosages of 

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

1. 

2. 

Spermatogonia and spermatocytes are ove r t ly  damaged. 

Spermatids a r e  cover t ly  damaged as revealed by quan t i t a t ion  

of t e s t i c u l a r  cytology 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 series 

are observed p r i o r  t o  46 days. 
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4. A s i g n i f i c a n t  decrease occurs i n  sperm count p r i o r  t o  46 

days.  

5. The sperm count f a l l s  sharply t o  azoospermia and st.ays 

t h e r e  many months. 

6 .  The f i r s t  v i s u a l i z a t i o n  of spermatogonial degeneration was 

1 6  minutes a f t e r  i r r a d i a t i o n .  The observat ions were made u l t r a -  

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

We conclude from t h e  combination of morphological and quant i -  

t a t i v e  d a t a  from a l l  dosages t h a t  t h e  spermatogonia a r e  t h e  most 

r a d i o s e n s i t i v e  c e l l  types and spermatids a r e  probably t h e  most radio-  

r e s i s t a n t  c e l l s .  Our conclusions a r e  summarized i n  t h e  following 

t a b l e  : 

SUMN?EY OF RADIATION EFFECT UPON GERMINAL CELLS 

Spermatogonia Spermatocytes Spermatids 
F - I  

, I  ,I-.-----'- 
' - 7  

Radiat ion Ad Ap B R L Z P Sa Sb Sc Sd 
Dose ( r )  

10-100 4- + + 0 0 0  0 0  0 0 0  

20 0 -3 0 0 + -t - t @ @ @ @ O  0 0 0  

400-600 -t+ -t+ ++ 3. + + + @ @ @ @  

Where: 0 ind ica t e s  no e f f e c t ,  + i nd ica t e s  morphological change, 

++ i nd ica t e s  g r e a t e r  morphological change, and @ i nd ica t e s  

poss ib le  damage but L- no observable morphological change, 

3.. e .  , "covert" damage. 

1 0 0 2 5 1 8  
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A s t r i k i n g  aspec t  of t h i s  da t a  i s  t h a t  c e l l s  L i t e r a l l y  n e x t  t o  

each o ther  both i n  development and s p a c i a l  placement wi th in  t h e  

tubu le  have such d i f f e r e n t  r ad io res i s t ance .  For ins tance ,  t h e  type 

B spermatogonium i s  t h e  most r ad iosens i t i ve  c e l l .  

it ( t h e  Ad and Ap ) a r e  a l s o  r ad iosens i t i ve .  However, t h e  c e l l  

a r i s i n g  from t h e  B spermatogonium, the  preleptotene spermatocyte, 

r e q u i r e s  ten- fo ld  t h e  amount of X-ray i r r a d i a t i o n  t h a t  t h e  B r equ i r e s  

t o  be damaged. The next major d i f fe rence  i n  c e l l  r a d i o s e n s i t i v i t y  i s  

between the  pachytene spermatocyte snd t h e  Sa spermatid. Again these  

ce l l s  a r e  adjacent  both developmentally and spac ia l ly ,  ye t  t he  

spermatid r equ i r e s  four  times the  amount of r a d i a t i o n  t o  be damaged. 

Thus t h e  spermatids a r e  40 times a 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  the  spermatogonia. 

The c e l l s  preceding 

I n  t h e  pas t  year  w e  have completed a l l  proposed i r r a d i a t i o n s  of 

sub jec t s  and t h u s  have an ou t l ine  of t h e  cy to logica l  de fec t  i n  r e l a t i o n  

t o  dose and t ime. At present  we a r e  analyzing t h e  e f f e c t s  a t  various 

dose l e v e l s  i n  order  t o  have s t a t i s t i c a l l y  va l id  dose-response cu rves  

f o r  h i s t o l o g i c a l  q u a n t i t a t  ion and sperm count. 

b. Objective: "To f ind  t h e  minimal dosage t h a t  w i l l  

a f fect  the  germinal epithelium. 

The foregoing discussion has revealed t h a t  cy to log ica l  d e f e c t s  

were observed a t  many dose l e v e l s .  

produces azoospermia, f o r  example, i s  1 0 0 r .  Marked oligospermia was 

produced following i r r a d i a t i o n  doses of 78r ( seven sub jec t s  s tudied ) 

and 50r ( fou r  sub jec t s  s tud ied  ) .  Sperm counts were decreased from 

The minimal dose l e v e l  t h a t  
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normal t o  circa 2 m/cc i n  each of t hese  eleven sub jec t s .  

oligospermia was produced a t  20r ( e igh t  sub jec t s  ) and 15r  ( one 

subject ). 

Moderate 

On t h e  b a s i s  of t h e  e f f e c t s  upon sperm counts,  t e s t i c u l a r  

cytology, and hormonal s t u d i e s ,  t h e  50 and 78r subjects  can be grouped 

i n  a s i n g l e  dosage c l a s s ,  and t h e  1 5 ,  20,  and 25r  groups can be 

consol idated as giving a s i n g l e  b io log ica l  e f f e c t .  

O f  t h e  t h r e e  rece iv ing  lor, i n s u f f i c i e n t  seminal f l u i d  da t a  

( or none ) was obtained because o f :  1) sudden paro le ,  2 )  p r i o r  

vasectomy and 3 )  one subjec t  was subjected t o  t o o  frequent  biopsy 

opera t ions  t o  be c e r t a i n  t h a t  t h e  f a l l  i n  sperm count was indeed due 

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

Of t h e  four  receiving 8r, two f a i l e d  t o  r evea l  a drop i n  sperm 

count and two revealed a minimal or equivocal drop. 

two the drop a t  best was t r a n s i e n t ,  however, t h e  lowest an t i c ipa t ed  

p o i n t  i n  time f o r  these subjects occurred during t h e  r i o t s  a t  t h e  

Oregon State Pen i t en t i a ry ,  and no observations were poss ib l e  during 

t h i s  c r i t i c a l  per iod .  

I n  t h e  l a t t e r  

- I n  t h e  8r group, t es t icu lar  b iops ies  were avoided i n  order  t o  

observe ltpurelt seminal f l u i d  e f f e c t s .  Of t h e  t h r e e  r ece iv ing  l o r ,  

only one had s e r i a l  b iops ies  f o r  cy to log ica l  s tudy , ,another  had 

b iops i e s  for chromosomal s tudy  only. The cy to log ica l  s tudy,  however, 

d i d  reveal i r r a d i a t i o n  induced changes. 

Assuming "no change" i n  sperm count f o r  t h e  fou r  sub jec t s  

r ece iv ing  8r, does not  r u l e  out the  p o s s i b i l i t y  of t r a n s i e n t  o r  
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minimal cy to log ica l  damage. 

seminal f l u i d  ana lys i s  due t o  mixing of generat ions of spermatozoa 

The l a t t e r  could be obscured i n  t h e  

during t h e  21-day t r a n s i t  time through the  duc tu la r  apparatus .  

The s t a t u s  of "the minimal dosage a f f e c t i n g  cytology" thus i s  

t h a t  i r r a d i a t i o n  doses a s  low a s  10 r  r e s u l t  i n  damage t o  t h e  germinal 

epithelium, i n  one ins tance ,  and doses of 1 5 ,  20 and 2% regular ly  

r e s u l t  i n  damage. 

required dosages t o  s t u d y  both seminal f l u i d  observations and 

t e s t i c u l a r  b iops ies  t o  more c l e a r l y  def ine  t h e  minimal dose of X-ray 

i r r a d i a t i o n  t o  t h e  human tes t i s .  

We now have added t h e  add i t iona l  sub jec t s  a t  t h e  

c. Object ive:  "To determine the  t i n e  of recovery 

from any given dose. 

Recovery time i s  being determined using two parameters: sperm 

count and tzest icular  cytology. The two endpoints being appl ied a r e  

t h e  f i r s t  appesrance of spermatozoa i n  t h e  seminal f l u i d  ( i f  t h e  

subjec t  was a t  azoospermia ) or t he  f i r s t  increase noted ( i f  t h e  

subjec t  was oligospermic ) and t h e  f i r s t  resurgence of maturation of 

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

.We a r e  f ind ing  a l a rge  dichotomy i n  the  s t a r t i n g  t i m e  of 

t e s t i c u l a r  recovery versus t h e  increase  i n  seminal f l u i d  sperm count,  

most pronouned a t  t h e  intermediate  and high doses.  

t e s t i c u l a r  recovery precedes the  appearance of sperm i n  t h e  seminzil 

f h i d .  

Beginning 

The s t a t u s  of t h i s  aspect  of the  inves t iga t ion  i s  a t  t h e  

completion of t h e  probing s tage ,  which has revealed t h e  dSchotomy 
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mentioned above. 

the germinal c e l l s  i s  now only a rough approximation. 

t imes t h a t  b iops i e s  should be obtained for a given dose t o  y i e l d  the 

maxtmal information i s  b e t t e r  understood, we can obta in  p r e c i s e  d a t a  

on recovery.  The above w i l l ,  of coul'se, apply a s  well  t o  t h e  

ob jec t ive  "spermatogonial renewal". 

Hence t h e  t iming of t h e  beginning of recovery of 

Now t h a t  t h e  

Two o the r  f a c e t s  of t h e  mechanisms of t h e  i n v e s t i g a t i o n  upon 

c y t o l o g i c a l  recovery have kept  t he  number of observat ions minimal. 

These a r e  t h a t  i n  approximately one-half of t h e  sub jec t s ,  b iops ies  

have been avoided i n  order  not t o  i n t e r f e r e  with sperm counts .  

second reason ,  i s  t h a t  no matter how c a r e f u l l y  a sub jec t  i s  s e l e c t e d ,  

from t h e  po in t  of view of t ime t o  be served i n  the p e n i t e n t i a r y ,  t h e  

a t t r i t i o n  ra te  a f t e r  some yea r s  i s  extremely h igh .  

unexpected pardons or paro le ,  t ransfer  t o  t h e  Forest  Camp, v i o l a t i o n  

of pr i son  r egu la t ions  and removal from t h e  gene ra l  popula t ion  ( and 

from t h e  experiment ) or voluntary withdrawal. Some recovery d a t a  

has been gathered from each dosage s tudied  and i s  t abu la t ed  as fol lows:  

The 

A t t r i t i o n  i s  due t o  

1 0 0 2 5 2 2  
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DOSE ' 

8r 

10r 

1 5 r  

20r 

2 5r 

5 O r  

7 8r 

10 O r  

200r 

300r 

400r 

600r 

TIME OF BEGINNING 
HISTOLOGICAL 
RECOVERY 

------_------ 

F I R S T  SPERM I N  
SEMINAL FLUID OR 
FIRST INCREASE 
I N  NUMBER 

Decrease t r a n -  
s i e n t  or non- 
e x i s t e n t  

6 months 

1 6  montk;s'" 

I 6 months I 

6 months 

6% months 

7 months 

. 7% months 

10 months 

7 s  months 

11 months 

9 months 

none through 
14 months 

24 months 

I 

COMPLETE RECOVERY 
BASED ON SEMINAL 
FLUID COUNTS 

9 months 

1 6  months 

1 8  months 

h i s t o l o g i c a l  only 
15 months 

1 7  months 

-___-_----_---  

1 8  months 

32 months 

29 months 

none through 
57 months 

* Recovery could begin s i g n i f i c a n t l y  e a r l i e r .  Biopsies were not  taken 
a t  optimal times. 
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The prel iminary observat ions suggest t h a t  a t  low doses 

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

months, f o r  in te rmedia te  doses ( 200 - 300r ) a t  t e n  months, and f o r  

h igh  doses ( 400 - 600r ) a t  about two yea r s .  

d .  Object ive - Complete recovery: "To determine 

whether recovery i s  complete or incomplete. 

same l e v e l  of sperm count i s  a t t a i n e d  following i r r a d i a t i o n  as e x i s t e d  

before  i r r a d i a t i o n .  ( not e x p l i c i t l y  s t a t e d  under I. OBJECTIVES, b u t  

To be c e r t a i n  t h a t  t h e  

o f t e n  discussed with t h e  Committee ) .  

For each s u b j e c t ,  many, many c o n t r o l  seminal f l u i d  eva lua t ions  

had t o  be made t o  e s t a b l i s h  a normal value t h a t  i s  s t a t i s t i c a l l y  

acceptab le .  

must be made t o  e s t a b l i s h  a value t h a t  i s  s t a t i s t i c a l l y  acceptable .  

The prel iminary r e s u l t  i s  t h a t  i n  those  sub jec t s  where sufEic ien t  

t ime has e lapsed and s u f f i c i e n t  observat ions have been a v a i l a b l e ,  

Af t e r  t h e  recovery phase, t h e  same number of observat ions 

recovery appears t o  be complete, i . e . ,  t h e  same sperm count l e v e l s  

have been a t t a i n e d .  

The prel iminary observat ions on complete recovery a s  seen from 

t h e  t a b l e  suggest t h a t  f o r  t h e  low doses ,  it i s  nine t o  1 8  months, 

f o r  in te rmedia te  doses ,  30 months, and f o r  high d o s e s , , l o n g e r  than  

57 months ( none recovered t o  d a t e  ). 

e. Object ive:  "To determine whether subsequent 

i r r a d i a t i o n  fol lowing depress ion  and f u l l  recovery w i l l  l ead  t o  a 

more severe r e a c t i o n ,  postpone recovery,  o r  lead t o  incomplete 

r em@ry . l f  

D r .  Paul Henshaw ) 

( another  ob jec t ive  not  s t a t e d ,  but discussed with,  and by, 

I n  seven s u b j e c t s  t h a t  were i r r a d i a t e d  a second or t h i r d  t ime 
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fol lowing complete recovery,  t h e  response t o  the  repeated dose 

was i n  every way comparable t o  t h e  i n i t i a l  dose-response. 

f .  Objective: "To assess t h e  problem of spermatogonial 

renewal i n  man." 

The problem of spermatogonial renewal i s  being approached i n  

two ways, the quan t i t a t ion  of t h e  germinal epithelium during t h e  

dep le t ion  and e a r l y  recovery phases, and t h e  observation of u l t r a -  

s t r u c t u r a l  changes i n  spermatogonia throughout t h e  p o s t - i r r a d i a t i o n  

pe r iod  . 
W e  know from quan t i t a t ion  da ta  t h a t  spermatogonial renewal i n  

man fol lows a d i f f e r e n t  p a t t e r n  than  t h a t  found i n  animals. For 

example, i n  t h e  mouse, spermatogonia w i l l  completely repopulate  

themselves i n  a l l  tubules  before beginning d i f f e r e n t i a t i o n  i n t o  

spermatocytes and spermatids. I n  man spermatogonia a c t  i n  an 

inexp'icable manner, producing spermatogonia or spermatocytes at: 

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

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

from normal morphology. Therefore they are extremely d i f f i c u l t  t o  

idens i fy  as A dark  ( Ad ) or A pa le  ( Ap ) spermatogonia. A q u a n t i t a t i v e  

a n a l y s i s  of a biopsy taken during e a r l y  recovery reveals that  some 

tubu les  have a c t i v e  spermatogonia, producing spermatocytes, etc. ,  

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

gonium. 

t y p e s  of spermatogonia e x i s t e d ,  perhaps more r a d i o r e s i s t a n t  and wi th  

All of t h e  foregoing information suggested t h a t  a d d i t i o n a l  

1 0 0 2 5 2 5  
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elongated per iods  between m i t o s i s .  

We have analyzed t h e  u l t r a s t r u c t u r e  of the  normal spermatogonia, 

i n  prepara t ion  f o r  t h e  study of i r r a d i a t e d  m a t e r i a l ,  and even i n  

normal b iops ies  fou r  d i s t i n c t  spermatogonial types  were i d e n t i f i e d  

The f o u r t h  previously un iden t i f i ed  c e l l  probably precedes t h e  o t h e r s  

i n  t h e  developmental series 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  

s e c t i o n s  u t i l i z e d  i n  q u a n t i t a t i o n .  We a r e  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  spermatogonia and w i l l  determine i f  

t h e  c e l l  remaining a f t e r  germinal c e l l  dep le t ion  i s  indeed t h e  lfnew" 

c e l l .  

(8) 

2. Cytological  Accomplishments Relevant t o  Del inea t ing  

t h e  L i m i t s  of Normal Human Tes tes ;  New Methods of Approach and New 

Phys io logica l  P r i n c i p l e s .  

a .  Quant i ta t ion  of germinal epi thel ium 

Quan t i t a t ion  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 r u c t e d  i n  t h e  human 

spermatogenesis p a t t e r n  and he ,  i n  t u r n ,  a ided us with h i s  ex tens ive  

knowledge i n  q u a n t i t a t i o n  of mouse germinal epi thel ium. 

independent t r i a l  counts by Miss Rowley and Dr. Oakberg, good agreement 

was reached on counting of s t age  boundaries,  c e l l  fragments,  s e c t i o n  

Af te r  many 

edges, c e l l  t ypes ,  s t age  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 e s t ab 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 .  

In  August of t h e  same y e a r ,  Drs. Hel l e r ,  Clermont and Oakberg 
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and Miss Rowley sc ru t in i zed  t h e  e n t i r e  method a t  D r .  Yves ClermontTs 

labora tory  a t  McGill Universi ty .  Since then ,  our labora tory  has 

taken  b iops ies  a t  s e l ec t ed  t imes a f t e r  x - i r r a d i a t i o n  for q u a n t i t a t i o n  

of damage. 

has revealed a g r e a t  amount of f u r t h e r  information on normal spermatlo- 

genes i s .  Dr. Oakberg has independently confirmed counts on many 

b iops ies  previously counted a t  t he  Foundation. 

A v a s t  bulk of c o n t r o l  d a t a  has a l s o  been co l l ec t ed  and 

Man i s  unique among m a m l s  i n  having small c l u s t e r s  of a reas  

comprising a given c e l l  a s soc ia t ion  r a t h e r  than having an e n t i r e  

s e c t i o n  of t ubu la r  c ros s - sec t ion  and l eng th  involved i n  one c e l l  

a s s o c i a t i o n .  Thus, i n  a given cross -sec t ion  of a seminiferous 

tubu le  t h r e e  t o  f i v e  d i f f e r e n t  c e l l  a s soc ia t ions  may be encountered. 

Quant i ta t ion ,  t h e r e f o r e ,  was approached i n  two ways : (1) counting 

cel ls  per  c e l l  a s soc ia t ion ,  and (2 )  counting c e l l s  per  t u b u l a r  cross-  

s e c t i o n  without regard t o  t h e  c e l l  a s soc ia t ions  involved. The l a t t e r  

method proved t o  be important as r e s u l t s  of t h e  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 em.erged. 

( 5 )  

These r e s u l t s  revea led  t h a t  during t h e  

process  of dep le t ion  and during t h e  e a r l y  recovery per iod ,  t h e  land- 

marks de f in ing  t h e  c e l l  a s soc ia t ions  were o b l i t e r a t e d .  

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

manner similar t o  blood smears. I f  one sec t ion  was not of a s u f f i c i e n t  

s i z e  t o  c o l l e c t  a s t a t i s t i c a l  sample, another  s e c t i o n  40p or  more 

away from t h e  f i r s t  would be counted. 

confirmation counts a t  Oak Ridge were always a t  t h e  oppos i te  end of 

The sl ides t o  be used f o r  

t 0 0 2 5 2 1  
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t h e  s e r i e s  of s e r i a l  s ec t ions  and thereby separated by a s  many as 

500p from those  sec t ions  counted i n  S e a t t l e .  

The main c r i t e r i o n  used f o r  t h e  s e l e c t i o n  of a tubule  t o  be 

counted was t h e  angle of t h e  cu t .  Tangential  cu t s  were not counted. 

Since t h e  c e l l s  mature from basement membrane t o  lumen, only tubules  

or a r e a s  i n  which the  c e l l s  would have matured i n  the  plane of t h e  

s l i c e  were used. Tubules  with a r t i f a c t s  or un iden t i f i ab le  lumens were 

not  counted. In  both methods, it was found t h a t  e i t h e r  30 tubular  

c ross -sec t ions  or  30 c e l l u l a r  a s soc ia t ions  gave s t a t i s t i c a l l y  r e l i a b l e  

resu l t s  ( .P<o .OS ). 

Forty c o n t r o l  sub jec t s  were analyzed by quan t i t a t ing  t h e  germinal 

cel ls  according t o  t h e i r  c e l l  a s soc ia t ions .  

c e l l  type were expressed a s  germinal c e l l / S e r t o l i  c e l l  r a t i o s .  

The r e s u l t s  for each 

The 

S e r t o l i  c e l l  was se lec ted  a s  t h e  s t a b l e  standard aga ins t  which t o  

express and compare c e l l  numbers s ince under the  conditions of t h e  

experiment, changes i n  germinal c e l l  numbers and tubu la r  length and 

diameter could be expected, but  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 errors a r e  a s  follows: 

The means f o r  each c e l l  t ype /Se r to l i  c e l l  r a t i o  and t h e i r  

C e l l  Ad Ap B R L z P Sa Sb sc Sd 
5Pe 
Mean 0.65 0 .59  0.37 0.27 0.64 0.08 2.74 1.68 2.19 1 . 8 1  2.27 

-t 

+ 
S.D.  - 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 . 0 2  0.02 0.02 0.03 0.01 0.07 0.05 0.09 0 .09  0-11 
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These r a t i o s  were then  compared with quan t i t a t ion  of 25 con t ro l  

sub jec t s  ( of t en  the  same subject  ) 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  assoc ia t ion .  

means f o r  each c e l l  t ype /Se r to l i  c e l l  r a t i o  and t h e i r  standard 

The 

devia t ions  and standard e r r o r s  a r e  a s  follows: 

C e l l  Ad Ap B R L Z P Sa Sb Sc Sd 
5 P e  

Mean 0 .51  0.49 0.26 0.19 0.18 0.07 2.64 1 . 6 1  1.24 1.27 1.01 
-I- 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. 2 0.02 0.02 0 . 0 1  0 .01  0.02 0 . 0 1  0.09 0 . 1 1  0.07 0.06 0.06 

Good agreement between these  two approaches was found. Thus, t h e  

l a t t e r  method of quan t i t a t ing  con t ro l  subjec ts  allowed f o r  comparisons 

of s e r i a l  t e s t i c u l a r  biopsies  following exposure t o  r a d i a t i o n .  

t h e  c e l l  assoc ia t ion  counts r evea l  a higher number of lep to tene  

spermatocytes (L)  than the  tubule  counts. This d i f f e rence  i n  lepto-  

t e n e  counts has  been discussed with Dr. Yves Clermont of McGill 

University and a t e n t a t i v e  explanation i s  offered.  

t h a t  t h e  i n i t i a l  t iming of t h e  durat ion of t h i s  c e l l  type was s l i g h t l y  

i n c o r r e c t .  

c e l l  a s soc ia t ion  I V  and the  lep to tene  changed t o  zygotene s h o r t l y  before 

Note 

It i s  poss ib le  

I f ,  indeed, t h e  pre- leptotene did l a s t  a shor t  time i n  

t h e  end of c e l l  a s s o c i a t i o n v  then the  tubule  method would have fewer 

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

method r equ i r e s  lep to tenes  t o  be present and pre- leptotenes and 

zygotenes t o  be absent before c e l l  a s soc ia t ions  I V  and V can be counted. 

The c e l l  a s soc ia t ion  
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Quan t i t a t ive  ana lys i s  has  been coinpleted on many subjects  

i r r a d i a t e d .  This procedure involves obtaining t e s t i c u l a r  biopsy 

specirnens a t  var ious i n t e r v a l s  a f t e r  t h e  time of i r r a d i a t i o n  and 

using t h e  procedures previously described. 

analyses  f o r  t h r e e  sub jec t s  rece iv ing  25, 100 ,  or  600r a r e  summarized 

i n  Table I. 

Examples of such 

With these  hypotheses i n  mind we need t o  subjec t  t h e  da t a  of 

t h e  quan t i t a t ion  t o  c a r e f u l  s t a t i s t i c a l  ana lys i s .  From such an 

a n a l y s i s ,  appropr ia te  groupings of times af te l>  i r r a d i a t i o n  and d q e s  

of r a d i a t i o n  may be made. 

determining how many a d d i t i o n a l  sub jec t s  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 t i c a l l y  s i g n i f i c a n t  r e s u l t .  

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 f o r  t h e  darnage 

and deple t ion  of each c e l l  t>?e c m  be constructed.  

I n  t u r n ,  t h i s  should set guide l ines  f o r  

Having 

A c a r e f u l  ana lys i s  of t h e  u l t r a s t r u c t u r e  of t h e  spermatocytes 

exposed t o  100, 200 and 3 0 0 r  may w e l l  r evea l  cy to log ica l  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  microscope. 

and analyzing ma te r i a l  f o r  such exarnination. 

We are now c o l l e c t i n g  

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

U t i l i z i n g  the  e l ec t ron  microscope, we have 

succeeded i n  iden t i fy ing  and descr ib ing  t h e  u l t r a s t r u c t u r e  of four  

types  of spermatogonia . Frevtously only t h r e e  spermatogonial 

types  were known. 

microscopy afforded v i s u a l i z a t i o n  of considerably more cy to log ica l  

( 8 )  

The use of lp t h i c k  Epon sec t ions  with l i g h t  
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B I: L z I? Sa Sb sc Sd 
I-- Spcrm,atocytes ---I k-Spernatids --I 

Ad AP 
LSpermatogon.ia-’ 

L , i t r o l  0 .93  0.80 0.49 0.42 0 .76  0 . 1 1  2 . 5 6  1 5 6  3 09 2.67 2.45 

25r  - 
6hr  s 0.68  0.63 0 .25  0.09 0.45 0 . 0 1  2 .87  1 . 7 8  2.62 1.13 1 . 5 4  

24days 0 .74  0 .64  0 .29  0 . 0 5  0 .14  0.02 2.85 2.65 2.00 0.27 0.35 

40day s 0.28 0 .23  0 .03  0 .02  0.04 0 0 .20 0.30 1 .16  

20ldzys 0.36 0.28 0.07 0 . 0 3  0 .04  0 0 . 3 1  0 . 2 1  0 .41  

4 20d ay s 0.96 0.88 0.30 0.45 0.25 0 . 2 0  3 31 0 .99  2.45 3 .49  

- - - - - - - - - - - -_____________^_________I____--------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Control 0 . 7 1  0.53 0.28 0.24 0 .43  0.06 1 . 9 3  1 . 4 3  1 . 2 9  1.29 1 .00  

100P -- 
2411r s 0.62 0 .44  0 .14  0.14 0.33 0.02 1 . 3 2  0.72 0.79 0 . 7 1  0 .74  

l4days 0.59 0 .06  0.003 0 0.009 

^‘;days 0.20 0 .08  0 .04  0.02 0 

49days 0.27 0.12 0.02 0.03 0.04 

112days 0 .06  0 .02  0 0 0 

210days 0 .06  0 . 0 6  0.005 0 0 

C o n t m l  0.56 0.44 0 .29  0.33 0 . 6 1  

600r 

22hrs 0.47 0.24  

14da j7s 0.28 0.23 

29dab7s 0 . 2 1  0 .14  

8Sdays 0.01 0.002 

15lday s 0.002 0 

252days 0.006 0 

3 L ,days 0.003 0 .01  

4- 7 7day s 0.001. 0 

I 0 0 2 5 ~  1 

0.07 

0.004 

0 . 0 1  

0 

0 

0 

0.02 

0 

0 .07  

0 

0 

0 

0 

0 

0.00s 

0.006 

0.74  

0.01 

0 

0 

0 

0 

0 

0 

0.04 

0 

0 

0 

0 

0 

0 

0 

1.05  0 .55  0 .59  0 .73  0 .49  

0.27 0 . 8 1  1.06 0 .75  0 . 7 3  

0.20  0 .17  0 . 3 2  

0 .03  0 . 0 2  0 .06  

0.06 0.03 0.02 

. _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - -  

2.60 1 .58  2.20 1.83 1.61) 

2.90 

1 .39  

0 . 0 1  

0 

0 

0 

0 .05  

0 .01  

1.88 2 .24  

0;44 0 .99  

1 .34  

0 0 

0 0 

0 0 

, 0.04 

0 0 

2.22 1 . 6 8  

0 .71  0 .72  

2.37 

0 0 

0 0 

0 0 

0.01 

0 0 
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d e t a i l  than  can be obtained w i t h  paraffin-embedded ma te r i a l ,  and, 

consequently,  fou r  d i s t i n c t  types of spermatogonia could be i d e n t i f i e d  

i n  such Epon section:. However, f u r t h e r  study of t he  Epon sec t ions  

with e l e c t r o n  microscopy provided t h e  most s a t i s f a c t o r y  method f o r  

r evea l ing  d i f f e r e n t  spermatogonial types .  This method revealed a 

d i s t i n c t  d i f f e rence  i n  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  

four types of human spermatogonia. 

s t r u c t u r e s  were found t o  occur only i n  c e r t a i n  spermatogonia. 

are using t h e  same method t o  study t h e  normal morphology of t h e  more 

mature c e l l  t ypes  and t h e  e f f e c t  of X-ray i r r a d i a t i o n  on t h e  

spermatogonia. 

I n  add i t ion ,  previously undescribed 

We 

Bas ica l ly ,  w e  d i d  t h r e e  separa te  morphological s tud ie s  t o  insure  

accurate 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  

examined paraf f  in-embedded t i s s u e s  with t h e  l i g h t  microscope i n  t h e  

c lass ical  manner t o  i d e n t i f y  t h e  t h r e e  recognized types of spermato- 

gonia. Secondly, w e  s tud ied  Epon-embedded t i s s u e s  sect ioned a t  micron 

or sub-micron th icknesses  by l i g h t  microscopy and i d e n t i f i e d  t h e  

spermatogonial types  by comparing these  c e l l s  with t h e  paraffin-embedded 

material. Thirdly,  e l ec t ron  microscopic examination of t h i n  sec t ions  

adjacent  t o  t h e  sec t ions  used f o r  light- microscopic 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  types  of spermatogonia. 

t h e  ce l l s  w e  c a l l e d  Ad, Ap and B spermatogonia using paraffin-embedded 

I n  t h i s  way we were assured t h a t  
, 



-27- 

t i s s u e  with the  l i g h t  microscope would correspond t o  t h e  c e l l s  we 

term Ad, Ap and B spermatogonia using Epon-embedded ma te r i a l  with 

e i t h e r  t h e  l t g h t  or e lec t ron  microscope. 

three-pronged approach t o  t h e  study of the  o ther  c e l l s  of t h e  

We propose t o  continue t h i s  

germinal series 

Four spermatogonial types were i d e n t i f i e d ,  t he  AL, Ad, Ap and 

B. The AL ( L f o r  length  of c e l l  on basal  lamina ) i s  considered t o  

be an e a r l i e r  c e l l  than t h e  Ad. The mitochondria of a l l  four  

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

condi t ion of few c r i s t a e  being present  i s  general ly  co r re l a t ed  with 
( 12 

k a c t i v e  c e l l s  and r e l a t e d  t o  low energy requirements . The 

sparse amount of endoplasmic ret iculum of both the rough and t h e  

'smooth va r i e ty  would f u r t h e r  suggest t h a t  these  c e l l s  a r e  inac t ive .  

The c lose  apposi t ion of t h e  mitochondria t o  t h e  rough endoplasmic 

ret iculum, e spec ia l ly  i n  t h e  AL and Ad spermatogonia and l e s s  s o  i n  

t h e  Ap and B spermatogonia, can be in t e rp re t ed  a s  a morphological 

manifestat ion of a mechanism t h a t  allows a shor t  d i f fus ion  path fo r  

ATP t h a t  i s  requi red  f o r  some funct ion i n  the  endoplasmic reticulum. 

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

ret iculum assoc ia t ion  might serve t o  supply energy f o r  p ro te in  

( 13  1 

synthes is .  

The func t ion  of the  filamentous body, a c h a r a c t e r i s t i c  structure 

i n  t h e  AL and Ad spermatogonia, i s  unknown. The l o c a l i z a t i o n  of 

ATPase i n  t h i s  body is  suggestive evidence t h a t  it i s  an a c t i v e  center  

1002543 
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of energy u t i l i z a t i o n .  

body a r e  s t r u c t u r a l l y  similar t o  ribosomes and, while w e  has t en  t o  

repeat t h a t  t h e  func t ion  of t h e  f i lamentous body i s  unknown, it i s  

poss ib l e  t h a t  t h i s  s t r u c t u r e  may r ep resen t  a h ighly  modified 

mechanism f o r  p r o t e i n  syn thes i s .  

The electron-opaque spheres found wi th in  t h i s  

The abundance of glycogen i n  t he  AL and Ad spermatogonia, and 

t h e  l e s s e r  amounts of glycogen i n  t h e  Ap and B spermatogonia, i s  

taken  as presumptive evidence t h a t  t h i s  substance i s  u t i l i z e d  as an 

energy source during spermatogonial development. Although occas iona l  

p inocy to t i c  v e s i c l e s  occur i n  these  c e l l s  ou r  evidence i s  adequate 

enough t o  discount  t h e  movement of m a t e r i a l  i n  t hese  v e s i c l e s  i n  a 

r eve r se  p inocy to t i c  d i r e c t i o n .  One i n t e y e s t i n g  f a c e t  of t h e s e  pino- 

c y t o t i c  v e s i c l e s  i s  t h a t  they occur only on ad jacent  c e l l - c e l l  

su r f aces  and not  on t h e  spermatogonial sur face  next  t o  t h e  basal 

lamina. 

An increased  number of myel in- l ike a r r a y s ,  thought t o  r ep resen t  

phospholipid degenerat ion,  were present  i n  t he  Ap and B spermatogonia, 

GS compared t o  t h e  absence of such s t r u c t u r e s  i n  t h e  AL and Ad 

spermatogonia. This sugges ts  t h a t  a u t o l y s i s  occurs i n  t h e  more 

mature spermatogonia. 

The Ad spermatogonium has  been considered t o  be t h e  most 

suggests  t h a t  
( 14  1 ( 1 5  1 

pr imi t ive  spermatogonial  type  . Clermont 

t h e  Ad spermatogonium has an "equivalent" mi tos i s  and g ives  r i s e  t o  

e i t h e r  two Ad spermatogonia or t o  two Ap spermatogonia. Each Ap 
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spermatogonium subsequently g ives  r i s e  t o  two type B spermatogonia 

which then  give r i se  t o  t h e  spermatocytes, t h e  concept being t h a t  

the Ad represents  a c e l l  t h a t  can e i t h e r  perpetuate  t h e  p r imi t ive  

stem ce l l s  o r  give r i s e  t o  a spermatogonium, i . e . ,  t h e  Ap spermato- 

gonium, t h a t  i s  committed t o  spermatogenesis. Our f ind ings  support 

and extend t h e  por t ion  of Clermont's work t h a t  suggests  t h a t  t h e r e  i s  

a pr imi t ive  spermatogonium, an intermediate  form, and an advanced 

spermatogonium. 

Fur ther ,  we have found ins tances  of binucleate AL, Ad and Ap 

spermatogonia and we i n t e r p r e t  these  ce l l s  as having completed 

karyokinesis  and of being i n  the  process  of completing cy tokines is .  

These binucleate  c e l l s  would s u b s t a n t i a t e  Clermont's mapping s tud ie s  

where p a i r s  of spermatogonial types a r e  found toge the r  and tend t o  

confirm t h e  occurrence of 'lequivalent " mito t i c  d i v i s i o n  i n  spermato- 

gonia .  

t ypes  within a common cytoplasm. 

c e l l  d iv ides  m i t o t i c a l l y  t o  form two of t h e  next more mature 

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

Our p resent  concept i s  t h a t  each 

spermatogonia. 

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

of d i f f e r e n t i a t i o n  of any p a r t i c u l a r  spermatogonial type i n t o  t h e  

next  spermatogonial type t o  explain t h e  o r i g i n  of successive spermato- 

gonia.  I f  t h i s  were the  case ,  however, one would expect t o  f i n d  i n t e r -  

mediate forms and such intermediate  forms have not bemobserved. 
( 1 5  1 

The c o r r e l a t i o n  between our f ind ings  and Clermont's mode 1 
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of the' mode of development and renewal of spermatogonia i n  man 

p resen t s  a t a n t a l i z i n g ,  and, a s  y e t ,  unanswered quest ion.  I s  it 

p a  s t b l e  t h a t  our AL spermatogonium represents  a pr imi t ive  spermato- 

gonium t h a t  i s  capable of e i t h e r  regenerat ion of t h e  stem c e l l  

populat ion or  giving r t s e  t o  t h e  Ad spermatogonia which then form 

the Ap spermatogonia, e t c . ?  I n  t h i s  s i t u a t i o n ,  t h e  Ad spermatogonium 

would be t h e  ear l ies t  spermatogonium committed t o  spermatogenesis. 

This p o s s i b i l i t y  can be subjected t o  experimentation by dep le t ing  t h e  

spermatogonial populat ion,  not t o  mention t h e  spermatid populat ion,  

by i r r a d i a t i o n  and exam-ining the  t u b u l e  f o r  remaining spermatogonia 

t h a t  must p e r s i s t  i n  order  t o  give r i s e  t o  spermatids by "recovery". 

D e t a i l s  of t he  methods and the  c e l l  desc r ip t ions  are covered 
( 8 )  

i n  t h e  publ ica t ion  by Rowley, Berl in  and Heller 

U l t r a s t r u c t u r a l  examination of t h e  germinal epi thel ium 

following i r r a d i a t i o n  has  revealed marly morphological changes, some of 

which we have not  seen i n  e i t h e r  normal or otherwise a l t e r e d  t e s t e s .  

For example, a t  24 days a f t e r  i r r a d i a t i o n  a t  600r ,  w e  have found 

macrophages t r a v e l i n g  through t h e  basa l  lamina i n t o  t h e  tubules .  

We bel ieve they pick u p  damaged c e l l u l a r  ma te r i a l  and then move i n t o  

t h e  lumen. The S e r t o l i  c e l l s ,  however, a l s o  a c t  as d i sposa l s  f o r  

damaged t i s s u e  r e l eas ing  ac id  phosphatase i n t o  t h e  c e l l  t o  break 

it up and then ac t ing  as a t r anspor t ing  medium f o r  t h e  broken-up 

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

We are cu r ren t ly  s t i l l  examining these  b iops ies  f o r  a d d i t i o n a l  

changes. Although much progress  has been made we have r e a l l y  only 
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scra tched  t h e  sur face .  Because of t h e  number of b iops ies  taken  and 

t h e  wealth of information a v a i l a b l e  i n  each biopsy, much of the 

material has  not been examined as y e t .  

c. Seminal f l u i d  examination 

2)  Effec t  of biopsy upon sperm count:  Man 

i s  unique i n  h i s  c a p a b i l i t y  of being able t o  undergo a s i n g l e  biopsy, 

o r  even s e v e r a l  t e s t i c u l a r  b iops i e s  over a per iod  of time. 

not gene ra l ly  t r u e  f o r  o the r  animals.  

s u b j e c t  from t h i s  po in t  of view, as comparisons between t e s t i c u l a r  

biopsy and sperm counts can be made. 

procedure on the  seminal f l u i d  concent ra t ion  was previous ly  unknown. 

This i s  

Thus man i s  an i d e a l  experimental  

However, t h e  e f f e c t  of t h e  biopsy 

Because we followed both parameters i n  a l l  of our i r r a d i a t i o n  s t u d i e s  

( as w e l l  as o t h e r  experimental  s i t u a t i o n s  ): w e  exam<-ned t h e i r  i n t e r -  

r e l a t i o n s h i p s  i n  normal c o n t r o l  sub jec t s .  Of t h e  sub jec t s  analyzed,  

only 39% experienced a s i g n i f i c a n t  ( P 0 .05  ) drop i n  sperm count 

fo l lowing  biopsy. Of those  sub jec t s  with mul t ip le  b iops i e s ,  27% 

showed a decrease  a f t e r  t h e  l as t  biopsy procedure.  

dec reases  occurred i n  the f i r s t  t e n  weeks a f t e r  biopsy and a l l  s u b j e c t s  

A l l  sperm count 

showed complete recovery by 18 weeks. Our conclusions were t h a t  t e n  

t o  18 weeks should e lapse  fol lowing a biopsy before i n i t i a t i n g  therapy  

o r  experimental  t rea tment .  

and Hel le r  

These d a t a  have been repor ted  by Rowley 
( 16 1 ( 4 )  

and Rowley, e t  a l . ,  - -- 
I n  des igning  our i r r a d i a t i o n  experirret?ts, we have used t h i s  i n f o r -  

mation as fol lows.  A l l  subjects  had a c o n t r o l  biopsy. They were allowed 

t e n  t o  18  weeks t o  recover  from t h e  biopsy e f f e c t  before  i r r a d i a t i o n .  

1 o 0 2 5 Q - \ t  
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Our s u b j e c t s  were 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  

s tudy  of seminal f l u i d  and hormone s t u d i e s  without b iops i e s  and t h e  

o the r  f o r  biopsy s t i tdies  along wi th  seminal f l u i d  examination and 

hormone eva lua t ion .  

confusion of changes caused by biopsy with a c t u a l  changes caused by 

X-ray. 

I n  t h i s  way we were ab le  t o  safeguard aga ins t  

ii) Duration of t r a n s p o r t  of spermatozoa through 

t h e  d u c t u l a r  system: X-ray i r r a d i a t i o n  has  a l so  been used t o  extend 

our  basic knowledge of t h e  process  of spermatogenesis by determining 

t h e  arnount of t ime requi red  by sperm t o  pass through t h e  d u c t u l a r  

system of the  male. 

of ion iz ing  r a d i a t i o n  or i n j e c t e d  with t r i t i a t e d  thymidine. 

s e l e c t e d  X-ray dose was s u f f i c i e n t  t o  cause degenerat ion of spermatogonia 

while  allow-ing each of t h e  o the r  germinal c e l l s  t o  mature normally. 

p re- lep to tene  spermatocyte ( t h e  least  advanced unaffected c e l l  ) is  

r e l eased  i n t o  t h e  tubu la r  lumen 46 days fol lowing i r r a d i a t i o n .  Since 

spermatozoa were absent  from t h e  seminal f l u i d  67 days a f t e r  i r r a d i a t i o n ,  

t h e  longes t  t r a v e l  t i m e  of a sperm discharged i n t o  t h e  t u b u l a r  lumen i s  

t h r e e  weeks ( 67 - 46 = 2 1  days ). 

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

The 

The 

3 A second group of 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 s  of H 

thymidine.  

day. The moat advanced c e l l  l abe led  wi th in  one hour i s  t h e  pre lep to tene  

spermatocyte.  This  i s  r e l eased  i n t o  t h e  lumen of t h e  tubule  as a mature 

sperm 46 days a f t e r  l abe l ing .  Counts of labe led  spermatozoa i n d i c a t e  

t h a t  t h e  e a r l i e s t  sperm appeared i n  t h e  e j a c u l a t e  46 or 47 days a f t e r  

Seminal f l u i d  f o r  autoradiography was co l l ec t ed  every t h i r d  
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i n j e c t i o n .  

56 days.  

t h e  dura t ion  of t r anspor t  of spermatozoa i n  man va r i e s  from one t o  2 1  

days with t h e  major i ty  of t h e  spermatozoa appearing i n  t h e  e j a c u l a t e  

The g r e a t e s t  number appeared i n  t h e  e j a c u l a t e  i n  54 t o  

Combining i r r a d i a t i o n  and thymidine da t a  we conclude t h a t  

t e n  t o  14  days a f t e r  r e l e a s e  from the  S e r t o l i  c e l l  cytoplasm. 

r e s u l t s  have been repor ted  by He l l e r ,  -- e t  a l .  

These 
( 6  1 '  

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 obtainecl .from studying t h e  changes i n  seminal f l u i d  a f t e r  

X-ray i r r a d i a t i o n .  Those sub jec t s  r ece iv ing  doses below 50r  ( 8r ,  

l o r ,  1 5 r ,  20r  and 25r  ), maintained a sperm count of 10  m/cc o r  

h ighe r .  A dose of 50r  or 78r brought t h e  count t o  a l e v e l  of about 

1 m/cc. One hundred roentgens appears t o  be a threshold  dose a s  some 

s u b j e c t s  a t t a i n e d  t o t a l  azoospermia while o the r s  maintained counts of 

about 0 . 2  m/cc. A l l  s ub jec t s  r ece iv ing  doses above l O O r  went t o  

complete azoospermia f o r  extended per iods of t ime.  

Very high doses ( 400 - 600r ) 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 d i d  the  lower doses .  The counts show a s t r i k i n g  

drop below c o n t r o l  l e v e l s  before  t h e  46-day period i s  complete. 

pre-46-day drop i n  sperm numbers i n d i c a t e s  immediate d e s t r u c t i o n  of 

spermatocytes a s  we l l  as spermatogonia. 

d e s t r u c t i o n  of spermatogonia only.  

by Hel le r ,  e t  a l .  

Thts 

Doses below 400r show immediate 

Preliminary r e s u l t s  were reported 
( 1 7  1 

-- 
Recovery t-imes vary with the  ind iv idua l  and with t h e  dose of 

r a d i a t i o n  given.  

dependent. 

Eelow 100r ,  t h e  beginning of recovery i s  not  dose- 

At ta in ing  a normal recovery sperm count appears  t o  be 
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more dose-dependent. 

i v )  Sperm morpholow: Variat ions i n  sperm 

morphology have been s tudied  by MacLeod and he has repor ted  both the  

v a r i a t i o n  of shapes and t h e  percentage of each shape found i n  normal 

e j a c u l a t e s  . Dr. MacLeod ( Cornel l  Medical School ) has  
( 18 1 

examined s e r i a l  seminal f l u i d  samples from our r a d i a t i o n  sub jec t s  

and counted abnormal forms. 

n e g l i g i b l y  a f t e r  1 5 r  and 100r .  

The percentage of normal sperm dropped 

With 600r ,  a dose t h a t  produces 

p e r s i s t e n t  azoospermia, more dramatic  changes a r e  observed. 

d .  Leydig c e l l s  

An ob jec t ive  method t o  r e f l e c t  changes i n  Leydig 

c e l l  number which might OCCUP a s  t h e i r  a c t i v i t y  was a l t e r e d  has  long 

been needed. Because t h e  absolu te  number of Leydig c e l l s  i n  t h e  

t e s t i s  cannot be counted, it i s  necessary t o  r e l a t e  t h e  number of 

Leydig c e l l s  present  i n  a given area  t o  some constant  s t r u c t u r e  i n  

t h e  t e s t i s .  The S e r t o l i  c e l l s  have been chosen as an index of t h e  

number of Leydig c e l l s  present  s ince  t h e i r  number i s  not  a l t e r e d  by 

t reatment  with drugs or hormones, they do not  d iv ide  i n  t h e  a d u l t  > 

and they have been widely accepted by o ther  i n v e s t i g a t o r s  as a constant  

f o r  q u a n t i t a t i o n  

(19,201 

( 21, 22 1 

( 7 )  
Our  q u a n t i t a t i o n  method involves tak ing  numercus photomicro- 

graphs of s e r i a l  s ec t ions  throughout a biopsy using a 1 O X  ob jec t ive .  

These photomicrographs a r e  then used a s  a guide f o r  counting a l l  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  t h e  photographed a rea  

1 0 0 2 5 5 0  
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us ing  400X magnif icat ion.  

as a r a t i o  of Leydig c e l l s  t o  S e r t o l i  c e l l s  ( LC/SC ) .  The sec t ion  

th i ckness  may vary s l i g h t l y ,  t h e  t u b u l e s  may shrink or t h e  germinal 

ce l l s  may be deple ted  a s  a 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 o n t r o l  and t reatment  b iops ies  w i l l  s t i l l  be d i r e c t l y  comparable 

s ince  the  method compensates f o r  such changes. 

The r e s u l t s  of these  counts a r e  expressed 

To t e s t  t h e  method we gave human chorionic  gonadotropin (HCG) 

t o  s i x  normal men, observed a severa l - fo ld  r i s e  i n  ur inary  t e s t o s t e r o n e ,  

and looked f o r  a change i n  t he  number, mass or morphology of t h e  
( 23 1 

Leydig c e l l s  . An i n c r e a s e . i n  number of Leydig c e l l s  was 

had repor ted  such an 
( 24 ) 

expected because Maddock and Nelson 

inc rease  i n  abnormal and normal males t r e a t e d  with chor ionic  yonado- 

t r o p i n .  Their r epor t  was based on a sub jec t ive  impression from biopsy 

s e c t i o n s .  We used our method 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 reatment  t o  see  i f  an a c t u a l  increase  i n  number was occurr ing .  

Since IlCG causes shrinkage of t he  tubules  from deple t ion  of t h e  

g e m i n a l  ep i the l ium,  t h e  sub jec t ive ly  observed increase  by Maddock and 

Nelson might have been due t o  t h e  crowding of t he  Leydig c e l l s  i n t o  a 

more compact i n t e r s t i t i a l  a r ea  ( s ince  t h e  tun ica  propr ia  i s  e l a s t i c  ) .  

The fol lowing t a b l e  summarizes t h e  r e s u l t s  of admin i s t r a t i an  of 

HCG t o  six normal men on t h e  number of Leydig c e l l s :  
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SUBJECT LC/SC 4- - s . e .  LC/SC 2 s . e .  LC/SC -t s . e .  
- CONTROL 6 WKS. HCG 16 FIXS. HCG 

#1 0.56 0.02 0.57 5 0.02"; 

#2 0.27 ?. 0.01 0.21 c . 0 2 ~  

#3 0 . 3 7  0.01 0.43 0.02' 

#4 0 .67  2 0 . 0 3  0.71 2 0.02": 
0.59 1- - 0.02' 

0 .77 -t 0.02": .0.72 2 0 . 0 2  #5 

0 . 4 2  2 0 .03  

( l f t .  t e s t i s )  0 .50  * 0.03  

#6 
( r t .  t e s t i s )  0.49 2 0.02" 

0.52 5 0.02": 

J' no s i g n i f i c a n t  change 

n s t a t i s t i c a l l y  s i g n i f i c a n t  decrease 

A s t a t i s t i c a l l y  s i g n i f i c a n t  increase  

The S tuden t ' s  lrT" t e s t  was used t o  analyze t h e  da t a  ( P 2 0.05 ). 

After  s i x  weeks of admin i s t r a t ion ,  two sub jec t s  showed no change, one 

increased  and one decreased. Leydlg c e l l  r a t i o s  a f t e r  16 weeks revealed 

t h a t  two sub jec t s  showed no change and one subjec t  decreased. These 

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

adminis t ra t ion  of HCG caused no s i g n i f i c a n t  increase  i n  t h e  numbers of 

Leydig c e l l s ,  and furthermore,  t h a t  t h e  increases  repor ted  by Maddock 

and Nelson were v i s u a l  changes not subs t an t i a t ed  by our q u a n t i t a t i v e  

method. 

After  t h e  v a l i d i t y  of t h e  procedure was demonstrated by the  HCG 

experiment, we have begun t o  a p p l y  t h e  Leydig c e l l  method t o  ma te r i a l  

c o l l e c t e d  a t  var ious  t imes a f t e r  i r r a d i a t i o n .  Data from one subjec t  

i r r a d i a t e d  with 600r  i s  presented i n  the  fol lowing t a b l e :  

i 0 0 2 5 5 2  
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SUBJECT V199 

TIHE AFTER 
IRPADIATION 

RIGHT TESTIS+ LEFT TESTIS 
LC/SC RATIO - s . e .  LC/SC R ~ T I O  s .e .  

-~ 
CONW,OL 0.45 2 0.03 0.47 * 0.02 

26 days 0.44 3. 0.03i" 

92 days 0.53 % 0.02A 

232 days 

295 days 0.63 0.03* 

1022 days 0.55 2 0.04* 

1120 days 

1253 days 0.49 * 0.02$: 

1722 days 

1904 days 

*- no s i g n i f i c a n t  change 

A s i g n i f i c a n t  increase  above con t ro l  

..- 

We observed a s i g n i f i c a n t  increase  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 .  This increase  has been observed through 1722 

days pos t - i r r ad ia t ion .  A drop occurs a t  1253 days f o r  t h e  r i g h t  t e s t i s  

and a t  1904 f o r  the les t  t e s t i s ,  suggesting a recovery of Leydig ce l l s ,  

subs t an t i a t ed  by t h e  f a c t  t h a t  t h e  germinal epi thel ium i s  i n  e a r l y  

recovery,  which toge the r ,  would i n d i c a t e  t h a t  t h e  t es t i s  i s  i n  the  

process  of f u n c t i o n a l  recovery.  

show t h i s  increase  a f t e r  i r r a d i a t i o n  with 600r. 

Thus f a r  four  sub jec t s  quan t i t a t ed  

Although a t o t a l  of 1 5  sub jec t s  have received 600r of i r r a d i a t i o n  

only 1 2  have s u f f i c i e n t  b iops ies  taken a f t e r  90 days t o  a s c e r t a i n  i f  

0.52 1 0 . 0 3 *  

0.75 3. O.0SA 

0.88 * 0.03A 

0 .61  * 0.03" 

I O Q 2 5 5 3  
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an  increase  has taken place.  Only one sub jec t  ( mentioned above ) has 

been followed f o r  a long enough time t o  begin t o  show a recovery i n  

Leydig c e l l  numbers. The nunber of men t h a t  w i l l  be a v a i l a b l e  a f t e r  

t h i s  amount of time has e lapsed can only be pos tu la ted .  

seven sub jec t s  who have received 600r a r e  a c t i v e l y  p a r t i c i p a t i n g  i n  

t h e  i r r a d i a t i o n  program. Three sub jec t s  have b iops ies  a f t e r  1000 days 

p o s t - i r r a d i a t i o n  and t h e  r e s t  have b iops ies  a f t e r  360 days of 

i r r a d i a t i o n .  We s h a l l  continue t o  follow these  sub jec t s  f o r  a s  long 

A t  t h i s  time 

as poss ib l e .  Hopefully u n t i l  they  reach c o n t r o l  l e v e l s .  Should we 

f i n d  s i g n i f i c a n t  changes i n  a l l  t hese  sub jec t s  a t  6OOr i r r a d i a t i o n ,  

we a r e  prepared t o  i n v e s t i g a t e  sub jec t s  a t  lower doses of i r r a d i a t i o n .  

Although the  t a s k  of q u a n t i t a t i n g  these  numerous b iops ies  involves  

hours of a t echn ic i an ' s  t ime,  they should y i e l d  va l id  da t a  a s  t o  t h e  

e f f e c t  of i r r a d i a t i o n  on Leydig c e l l  numbers. 

We have been examining and cha rac t e r i z ing  t h e  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 c e l l s  i n  c o n t r o l  biopsies  before c a r e f u l l y  examining 

those  a f t e r  i r r a d i a t i o n .  Very prel iminary examination i n d i c a t e s  Leydig 

c e l l s  a r e  a f f e c t e d  by i r r a d i a t i o n  wi th in  two days. This study w i l l  

enable  u s  t o  determine morphological changes of t h e  Leydig c e l l s  which 

cannot' be seen with t h e  l i g h t  microscope We w i l l  at tempt t o  answer 

ques t ions  concerning s p e c i f i c  e f f e c t s  of x-ray on these  c e l l s  and 

determine i f  t h e r e  i s  a dose-response r e l a t i o n s h i p  involved. 

3 .  Hormonal Object ives  

To determine the  inf luence of any given r ad ia t ion -  

produced t e s t i c u l a r  a l t e r a t i o n  upon o ther  parameters such a s :  a )  u r inary  
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t o t a l  gonadotropins, h )  u r ina ry  i n t e r s t i t i a l  cell-:timulating 

hormone (ICSH) , c )  ur inary  f o l l i c l e - s t i m u l a t i n g  hormone (FSH) , 
d )  plasma FSH, e )  u r i n a r y  es t rogens ,  f )  u r inary  t e s t o s t e r o n e  and ep i -  

t e s t o s t e r o n e ,  g )  plasma I C S H ,  and h )  p l a s m  t e s tos t e rone .  

a .  I n  each sub jec t  and f o r  any dcse l e v e l  of 

i r r a d i a t i o n ,  a d i s t i n c t  r i s e  i n  ur inary  gonadotropins was noted.  The 

r i s e  occurred concomitantly wi th  t h e  f i r s t  denuding of t h e  germinal 

ep i the l ium.  The r i s e  was sus ta ined  u n t i l  h i s t o l o g i c a l  recovery 

began. Subsequent lowering t o  normal l e v e l s  p a r a l l e l e d  t h e  repopula t ion  

of t h e  seminiferous tubu le s .  

Our explana t ion  for t h e  r i s e  i n  gonadotropins i s  t h a t  t h e  germinal 

ce l l s ,  dur ing  t h e i r  normal course of maturat ion and development, r e q u i r e  

gonadotropins.  I n  t h e  absence of germinal c e l l  a c t i v i t y  no u t i l i z a t i o n  

occurs and consequently excess  gonadotropins appear i n  t h e  u r ine .  

lowering of gonadotropins occurs as the  germinal c e l l s  again become 

a c t i v e  dur ing  t h e  recovery per iod .  

measure of both FSH and ICSH, it became necessary t o  determine which 

gonadotropin was mainly involved. 

The 

Since the  gonadotropin assay  i s  a 

b. Measuring ur inary  ICSH on t h e  same u r ine  samples 

revea led  no change fol lowing any i r r a d i a t i o n  exposure a t  any time dur ing  

t h e  course of dep le t ion ,  quiescent  per iod ,  or during germinal e p i t h e l i a l  

recovery.  

c. Measuring ur inary  FSH revealed a r i se  dur ing  

d e p l e t i o n ,  sus ta ined  dur ing  t h e  quiescent  per iod and a lowering t o  

normal dur ing  recovery.  

of t h e  t o t a l  gonadotropins.  

This i n  every way p a r a l l e l e d  t h e  r i s e  and f a l l  

Our i n t e r p r e t a t i o n  i s  t h e r e f o r e  t h a t  t h e  
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r i s e  of t o t a l  gonadotropins i s  due t o  t h e  r i s e  i n  FSH and t h a t  the  

germinal c e l l s ,  dur ing t h e i r  period of a c t i v i t y ,  u t i l i z e  FSH. 

A t  t h i s  t ime da ta  i s  being analyzed t o  give s t a t i s t i c a l  

s ign i f i cance  t o  these  observa t ions .  The r e s u l t s  appear t o  confirm t h e  

above. Four sub jec t s  on 8r revealed no change i n  FSH and presumably 

l i t t l e  or no change i n  germinal e p i t h e l i a l  func t ion  a s  i n f e r r e d  from 

sperm counts .  Those sub jec t s  a t  t h e  higher  doses with drops i n  sperm 

counts  revealed the  r i s e .  
c 

d .  Measuring plasma FSH confirmed those  r e s u l t s  

obtained from t h e  u r ine .  No change was found i n  plasma FSH a t  8r, a 

s l i g h t  increase  was seen a t  20r and highly s i g n i f i c a n t  increases  were 

Seen a t  78 - 600r .  A t  these  dosages plasma FSH rose a s  much as four -  

f o l d .  

I n  order  t o  eva lua te  Leydig c e l l  func t ion  following i r r a d i a t i o n ,  

s t u d i e s  of es t rogen ,  t e s t o s t e r o n e  and e p i t e s t o s t e r o n e  exc re t ion  and 

plasma ICSH were observed. 

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

Leydig c e l l  func t ion  f o r  t h e  human male . This r e l a t i v e l y  

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

t e rone  eva lua t ion  became ava i l ab le  and t h i s  was s u b s t i t u t e d  f o r  t h e  

Later  ur inary  t e s t o s -  

es t rogen  assay.  

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

chromatography, revealed a minimal but s t a t i s t i c a l l y  s i g n i f i c a n t  

lowering fol lowing i r r a d i a t i o n .  I n  1968 we changed methodology and 
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began using a new technique f o r  ur inary t e s tos t e rone  glucuronide i n  
( 25 1 

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

Because of the  g r e a t  v a r i a t i o n  i n  r e s u l t s  we have discont inued 

measuring ur inary  t e s tos t e rone  and a r e  now concent ra t ing  on t h e  plasma 

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

g . Measuring plasma ICSH by radioimmunoassay has 

produced s u r p r i s i n g  r e s u l t s  i n  con t r a s t  t o  those  obtained from t h e  

u r ine .  Only two dosages ( 8r and 20r  ) revealed no change i n  plasma 

ICSH following i r r a d i a t i o n .  A t  the  h igher  doses ( 78r ,  200r and 600r ) 

t h e r e  were d e f i n i t e  increases  i n  plasma ICSH. This increase  was g r e a t e s t  

a t  600r where plasma I C S H  values  were double the  c o n t r o l  values .  

The f a l l  i n  u r inary  t e s tos t e rone  and t h e  concomitant r i s e  i n  

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

Prelirnii-lary observat ions from Leydtg c e l l  quant i tac ion  i>eveal a n  i nc rease  

i n  Leydig c e l l s  ( vide supra ). It i s  suggested t h a t  t h i s  i nc rease  i n  

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

func t ion .  

--- 

h.  We a r e  j u s t  beginning t o  obta in  r e s u l t s  from 

plasma t e s tos t e rone  determinat ions using a competit ive p r o t e i n  binding 

method. The normal male c o n t r o l  value obtained i n  t h i s  labora tory  

( 36 plasma samples ) i s  515 2 164 ( S.D. ) ng/100ml with a range of 

212 - 896 ng/lOOml. Preliminary da ta  from two sub jec t s  a t  600r and 

two sub jec t s  a t  200r  i nd ica t e  no s t a t i s t i c a l  change i n  plasma t e s t o s -  

te rone  fol lowing i r r a d i a t i o n .  

each dose l e v e l  ( 2 0 r ,  78 r ,  200r and 600r ) t o  determine i f  i r r a d i a t i o n  

has any e f f e c t  upon plasma t e s t o s t e r o n e .  

More samples a r e  now being assayed a t  
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4. Hormonal Accomplishments Relevant t o  D2lineat ing 

Normal Human T e s t i c u l a r  Physiology; Methods Used and Xew Methods of 

Approach. 

a .  To ta l  gonadotropins 

All ur ina ry  gonadotropins a r e  ex t r ac t ed  by t h e  
( 26 

Kaolin-Acetone procedure descr ibed by Albert  . The p r e c i p i t a t e  

obtained thereby  i s  then  assayed separa te ly  f o r  t o t a l  gonadotropin, 

FSH, and ICSH a c t i v i t y .  

Urinary t o t a l  gonadotropins were assayed i n  each sub jec t  a t  a l l  

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

as  t h e  end p o i n t .  

The ovarian weights of immature r a t s  were used 

These weights were expressed i n  milligrams of a 

s tandard ,  P-22-C, which caused a p a r a l l e l  increase  i n  ovarian weight 

i n  the assay animal.  

b . Urinary i n t e r s t i t i a l  ce 11 -. s t imulat ir.g hornone 

Urinary ICSH was measured using t h e  hypophysectomized 
( 27 1 

r a t  v e n t r a l  p r o s t a t e  bioassay devised by Greep, -- e t  a l .  

p l e t e  s t a t i s t i c a l  eva lua t ion  of t h e  ur inary  ICSH bioassay d a t a ,  using 

t h e  Thorslund-Paulsen p a r a l l e l - l i n e  technique 

potency was c a r r i e d  out using t h e  IBM 7040 and 7094 computer f a c i l i t i e s  

a t  the Universi ty  of Washington. 

. A com- 

( 28 
f o r  es t imat ing  

Urinary ICSH da ta  i s  exyressed i n  

milligram equiva len ts  of a Pergonal re ference  prepara t ion .  

The I C S H  c o n t r o l  d a t a  have been analyzed and y i e l d  a mean of 

0.69 mg of Pergonal and a s tandard devia t ion  equal  t o  0 .10 .  

d i s t r i b u t i o n  func t ion  may be approximated by a normal curve ( x = 0 . 6 9 ,  

The 

s . d .  = 0.1 ). 

1 0 0 2 5 5 8  
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c. Urinary f o l l i c l e - s t i m u l a t i n g  hormone (FSH) 

Urinary FSH was measured by t h e  ovarian weight 
( 1 )  

augmentation technique . A complete s t a t i s t i c a l  eva lua t ion  of t h e  

ur inary  FSIl bioassay da ta  using the  p a r a l l e l - l i n e  technique f o r  

e s t ima t ing  potency was c a r r i e d  out with t h e  use of a For t ran  I1 program 

and t h e  Computer Center of t h e  Universi ty  of Washington. Urinary FSH 

i s  est imated i n  terms of a s tandard Pergonal re ference  prepara t ion .  
(28) 

I n  1968 a l l  FSH d a t a  was re-analyzed us ing  the  Thorslund-Paulsen 

p a r a l l e l - l i n e  program. 

obtained using t h e  s l o p e - r a t i o  technique, however, a d d i t i o n a l  information 

was obtained concerning t h e  i n t e r n a l  consis tency of t he  assays  ( A ,  

Finney 's  g ,  F - t e s t s  ) .  For normal, hea l thy  men, our labora tory  control  

va lues  have a mean of 0 . 1 1  mg P26e/24hr and a s tandard dev ia t ion  of 

0 .04 .  

normal d i s t r i b u t i o n ;  mean = 0.11  and s tandard devia t ion  = 0.04. A 

goodness of f i t  t e s t  yielded X2 = 12.5,  which i s  less than  t h e  X 

0 .05  and 6 degrees  of freedom. We are now i n  t h e  process  of re-analyzing 

t h e  v a s t  amount of ur inary  FSH and ICSH d a t a  we have accumulated. 

assay  i s  being c a r e f u l l y  evaluated both personal ly  and wi th  t h e  a i d  of 

t he  computer. This ana lys i s  w i l l  continue for some time because of the 

t ime involved i n  eva lua t ing  each response t h a t  has been obtained i n  a l l  

s u b j e c t s  who rece ived  i r r a d i a t i o n .  

completed it w i l l  be inspected f u r t h e r  t o  determine i f  t h e r e  i s  a doae- 

response.  

The r e s u l t s  are almost i d e n t i c a l  with those  

The frequency d i s t r i b u t i o n  of scores may be approximated by a 

2 a t  

Each 

After t h i s  c a r e f u l  ana lys i s  has been 
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d .  Urinary t e s t o s t e r o n e  

The ur inary  t e s tos t e rone  method we formerly 

used measured t e s t o s t e r o n e  and i t s  epimer, e p i t e s t o s t e r o n e ,  combined. 

This method involves  enzyme hydro lys is  of t he  t e s t o s t e r o n e  glucuronide 

i n  t h e  ur ine ,  so lvent  e x t r a c t i o n ,  and washing t o  remove po la r  contam- 

i n a n t s .  

chromatography, and t h e  tes tos te rone-conta in ing  zones on t h e  chromato- 

grams were loca ted  wigh a radiochromatogram scanner.  The t e s tos t e rone  

f r a c t i o n  was quan t i t a t ed  using gas- l iqu id  chromatography by comparing 

t h e  de t ec to r  response of t h e  sample t e s t o s t e r o n e  t o  t h a t  of s tandard 

t e s t o s t e r o n e .  Losses during processing ( mean recovery f o r  900 

ana lyses  = 59% ) were evaluated by add i t ion  of t r a c e r  amounts of 

t r i t i a t e d  t e s t o s t e r o n e  t o  each ur ine sample and counting a one-tenth 

a l i q u o t  of t h e  r e s u l t a n t  t e s tos t e rone  f r a c t i o n .  

The sample was f u r t h e r  p u r i f i e d  by th in - l aye r  and paper 

I n  1968 we changed methodology and used a new and more s p e c i f i c  

technique f o r  ur inary  t e s tos t e rone  glucuronide i n  which t e s t o s t e r o n e  

and ep i t e s tos t e rone  were determined sepa ra t e ly  . It was c a r r i e d  

out a t  The Swedish Hospi ta l  Medical Center Department of Pathology 

under t h e  d i r e c t i o n  of Mr. Arthur Olson. However, a s  mentioned before ,  

( 25 1 

we have discont inued analyzing ur inary  t e s t o s t e r o n e  i n  favor  of plasma 

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

e .  Plasma FSH and ICSH 

The radioimmunoassays of human plasma ICSH and FSH 

are based on the  competit ion between labe led  and unlabeled an t igen  s i t e s  

on s p e c i f i c  an t ibod ie s .  The importance of t h i s  assay procedure r e s i d e s  i n  
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i t s  a b i l i t y  t o  s p e c i f i c a l l y  measure p r o t e i n  q u a n t i t i e s  i n  the range 

of ng ( lO-’g ) or pg ( 10-l2g ) which i s  503 - 1000 t imes more 

s e n s i t i v e  than  bioassay procedures.  It a l s o  enables  u s  t o  measure a 

l a r g e  number of samples a t  once using small volumes of plasma or serum. 

A l l  r e a c t a n t s  a r e  d i l u t e d  i n  the  fol lowing bu f fe r :  0 . 0 1  M phosphate, 

0.15 M N a C 1 ,  2% normal r a b b i t  serum, 0.02% mer th io l a t e ,  pH 7 .8 .  The 

r eagen t s  f o r  radioimmunoassay a r e  suppl ied by t h e  National P i t u i t a r y  

Agency and t h e  Endocrine Sec t ion ,  3f t h e  National I n s t i t u t e  of A r t h r i t i s  

and Metabolic Diseases and include r a b b i t  anti-HCG, LH-LER-960 ( fcr 

l a b e l i n g  ), FSH-869-2, r a b b i t  anti-FSI!, and ICSH and FSH p i t u i t a r y  

r e fe rence  p repa ra t ion  LER 907. 

The i o d i n a t i o n  procedure i s  t h a t  descr tbed by Greenwood and 
( 29 1 

Hunter  

amounts i n  p l a s t i c  po lyv ia l s  from t h e  I soserve  Corporation, Cambridge, 

Massachusetts. The fol lowing reagents  are  then  added t o  t h e  v i a l  using 

s tandard  p repa ra t ions  f o r  handl ing l a r g e  amounts of r ad ioac t ive  iod ine :  

. C a r r i e r  f r e e  I3’I i s  obtained i n  approximately 2 mc 

1. 25h of a 0 . 4  M P04, pH 7.5. 

2.  l O A  of 2 pg of ICSH or FSH i n  a 0 . 1  M P04, 0.15 M NaC1,  

pH 7.8 bu f fe r .  

3. 10h of chloramine I ( 25 mg i n  10  m l  of above bu f fe r  ).  

4. 25). of Na2 S205 ( 25 mg i n  1 0  m l  of above bu f fe r  ). 

The e n t i r e  r e a c t i o n  mixture  i s  appl ied  t o  t h e  exposed su r face  of 

t h e  Sephadex G-75 column. 

prev ious ly  e q u i l i b r a t e d  i n  0 . 0 1  M PO4 NaC1,  pH 7 .8  a t  room temperature ,  

and washed with 1 m l  of 2% bovine serum albumin t o  coat  t h e  glassware 

The column i s  prepared .in a s o f t  g lass  tube  
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and Sephadex with albumin, thereby prevent ing absorp t ion  of rad io-  

iod ina ted  hormone onto t h e  g l a s s  tube.  

l3lI from inorganic  1311 i s  achieved by pass ing  t h i s  s o l u t i o n  through 

t h e  Sephadex column. 

Separat ion of ICSI-I-1311 or  FSH- 

The e l u a n t s  a r e  co l l ec t ed  t e n  drops pe r  tube  f o r  

20 tubes ,  and counted i n  t h e  gamma counter .  I n  o u r  previous s t u d i e s ,  

two peaks of r a d i o a c t i v i t y  a r e  obtained;  an e a r l y  peak beginning a t  

tube t h r e e  t o  f i v e  and t r a i l i n g  off  by tube six; and a second peak 

conta in ing  f r e e  1311 beginning a t  about tube seven. 

FSH-l3’I i s  contained i n  t h e  f i r s t  peak and genera l ly  the  tube  high on 

t h e  t r a i l i n g  edge of t h i s  peak conta ins  the  l e a s t  damaged ICSH- 

or  FSH-l3lI  and i s  used i n  t h e  assay.  The s p e c i f i c  a c t i v i t y  of ICSH-131-I 

The ICSH-13’I or  

1311 

is between 200 t o  500 pc  per  p g ,  ar,d is 250 t o  650 pc per pg . fo r  FSH-13II. 
( 30, 3 1  1 

The radioimmunoassays w i l l  be c a r r i e d  out using Odel l ’ s  

methods wi th  s l i g h t  modif icat ions.  A l l  r eagents  w i l l  be added t o  

1 0  x 75 mm tubes  i n  t h e  fol lowing order :  

1. buf fe r  ( as mentioned e a r l i e r  ) t o  make a t o t a l  volume of 

1 . 0  m l .  

2. l O O h  ( p1 ) of 0 . 1  MEDTA, pH 7.8. 

3. 20071 of plasma t o  be assayed ( or of “standard hormone’: ). 

1311 4. l O O h  conta in ing  0 .05  t o  0 . 1 5  mpg I C S d 3 ’ I  o r  FSH- 

5. 1007~ of a n t i s e r a  s u i t a b l y  d i l u t e d  usua l ly  1:1.0,000 ( f i n a l  

d i l u t i o n  1:100,000 f o r  anti-HCG ) or 1:40,000 ( f i n a l  

d i l u t i o n  1’: 400,000 f o r  a n t  i-FSH ) . 
Complete s tandard dose-response curves a r e  run i n  a l l  assays ,  and 

1 0 0 2 5 6 2  
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p l o t t e d  on a semilog paper .  

or FSH a r e  added in s t ead  of plasma. 

using i s  from 0 . 1  m I U  t o  100 m I U  ( 1 m I U  = 2.08 m,ug of LER-907 f o r  

ICSH and 5 . 0  mpg f o r  FSH ). 

4 C a t  which time 50h  of anti-RGG ( 2nd antibody ) i s  added t o  each 

tube and the  mixture incubated 24 hours longer a t  4OC t o  achieve 

separa t ion  of an t  ibody-bound from f r e e  ICSH-1311 or F S ~ - I - ~ ~ ’ I .  

a r e  then centr i fuged a t  500 g and the  supernatant removed by suct ion.  

Radioac t iv i ty  i s  measured i n  a gamma spectrometer,  and a l l  r e s u l t s  

expressed a s  a per  cent  of counts per  p r e c i p i t a t e .  

def ined as no ICSH-1311 ( FSH-I3lI i n  the  case of FSH ) bound t o  a n t i -  

body. 

s p e c i f i c a l l y  t rapped i n  the  p r e c i p i t a t e ,  

by washing t h e  p r e c i p i t a t e  b u t  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  p rec i s ion  of t h e  assay. 

def ined as the  number of counts p rec ip i t a t ed  i n  t u b e s  containing 

ICSH-1311 or FSH-l3lI  and antibody, bu t  no unknown o r  s tandard ICSH or 

FSH. 

of pla,sma. 

a long with t h e  unknown plasma. 

The plasma samples of t h e  same subjec t  are run i n  t h e  same assay 

We have found t h a t  t h e  in t ra -assay  v a r i a t i o n  ( 2 S.D. ) 

For t h i s  purpose known amounts of ICSH 

The range of standard we are 

All tubes  a re  incubated f o r  fou r  days a t  
0 

Tubes 

Zero per  cent  i s  

I n  our previous s tud ies ,  5 - 10% of iodinated hormone was non- 

These counts could be removed 

One hundred per  cent  i s  

The r e s u l t s  are ca l cu la t ed  i n  terms of pg of LER-907 per  100 ml 

Each assay of pooled plasma i s  run a s  a con t ro l  re ference  

if poss ib l e .  

i s  5 11% f o r  ICSH and 2 10% f o r  FSH. 

i s  $- 31% f o r  ICSH and 30% f o r  FSH. 

The in te r -assay  v a r i a t i o n  ( 2 S.D. ) 

These techniques a r e  capable of 
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No. 
norma 1 
men 

I 

measuring between 0 .8  ng t o  30 ng p e r  assay tube  f o r  ICSH and between 

4 ng t o  75 ng pe r  assay tube  for FSH. We have found t h a t  t h e  average 

concent ra t ion  of plasma ICSH taken  from 50 hea l thy  men i s  9.04 - 2.65 pg 4- 

Plasma ICSH~: 
mean range 

LER- 907/100ml. The 

hea l thy  men i s  34.4 

Since s tandard 

Agency i n  1968, two 
( 32 

1 No. 

i men 
! 

normal 

average concentrat ion of plasma FSH taken  from 35 
4- - 8.55 pg LER-307/100ml. 

LER-907 was suggested by t h e  Nat ional  P i t u i t a r y  

l a b o r a t o r i e s  we have compared our  r e s u l t s  with are 
( 33 

Plasma FSH;~ 
mean range 

Nankin and Paulsen . Our r e s u l t s  are comparable t o  t h e s e  

two l a b o r a t o r i e s  i n  terms of pg LER-907/100ml plasma, a s  shown i n  t h e  

fol lowing t a b l e  : 

Our labora tory  I 5 0  

Nankin ( 3 2 )  I 7 9  

i -  ( 3 3 )  
Paulsen r 

r I I I I I 

34.0 22 - 45.4 I 35 

- - I 54 

I 
9.0 4 .8  - 15.3 

I 1 9 . 0  8 - 41.3 

- 23 - 53 ‘ 

I 57 
7.6 3 - 21.0 

i I 
* pg LER-907/100ml plasma 

We have a l so  exchanged hl inded samples with Dr. Paulsen and found 

equiva len t  values  . 
O u r  previous r e s u l t s  a r e  a l s o  comparable t o  m I U  2nd IRP-HMG i f  

conversion f a c t o r s  a r e  used. However, t h e r e  i s  confusion i f  m I U  of LER-907 

i s  used, because o the r  conversion f a c t o r s  are involved of which, unfor- 

t u n a t e l y ,  many i n v e s t i g a t o r s  a re  not aware. ( radioimmunoassay 1 m I U  LER-907 
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I 

I 

Hypogonadot r opic  hypo- I 

Funct iona l  prepubera l  ! 

S u r g i c a l  castrate ! 

gonadism 4.0 
I 
I 
I 

castrate syndrome I I 65.5 

I 52.6 

Se r to l i - ce l l -on ly  syndrome 26. G 
I 

! 
Postmenopausal syndrome ! 1 2 1  0 3 , 

I 
Male c l imac te r i c  syndrome 114.0 

= 4.6 m I U  2nd IRP-HEG f o r  ICSH, and 1 m I U  LER-907 = 1.9 m I U  2nd 

IRP-HMG f o r  FSH ) . 
I n  add i t ion ,  we have a l s o  measured plasma ICSH and FSH i n  men 

e x h i b i t i n g  a v a r i e t y  of abnormal condi t ions .  A few of t h e s e  a r e  

17.5 

222.0 

111.5 

126.5 

436.0 

194.0 

l i s t e d  i n  t h e  fo l lowing  t a b l e :  

f .  Plasma t e s t o s t e r o n e  

Plasma t e s t o s t e r o n e  i s  measured by competi t ive 
( 34 ) 

p r o t e i n  binding by t h e  method of Murphy 

of plasma wi th  e t h e r  t h r e e  times, shaking each time on a Vortex mixer. 

The e t h e r  phase i s  d r i e d  down i n  a water bath a t  45OC with f i l t e r e d  a i r  

and the extract  then  placed on a column chromatograph of Sephadex LH-20 

. This ;involves e x t r a c t i o n  
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( column dimensions approximately 3/8" x 17" ). The so lvent  system i s  

ch1oroform:heptane:ethanol:water i n  t h e  proport ions 50:50:1:0.12 

( s a t u r a t i o n ) .  The t e s t o s t e r o n e  f r a c t i o n s ,  loca ted  by running an 

i d e n t i c a l  column of t r i t i um- labe led  t e s tos t e rone  only,  a r e  co l l ec t ed  

i n  2 .5  m l  a l i q u o t s  and d r i e d  down. 

To determine t h e  amount of t e s t o s t e r o n e  i n  these  f r a c t i o n s ,  s tandard 

curves a r e  s e t  up f o r  each assay.  4A s e r i e s  of tubes  conta in ing  0 ,  

.1, . 2 ,  .4, . 6 ,  .8 ,  1 . 0 ,  1 . 2  and 1 . 5  ng of t e s t o s t e r o n e  i n  e thano l  a r e  

d r i e d  down. To t h e s e  s tandard curve tubes  and the  

unknown amounts of t e s t o s t e r o n e  a r e  added .1 m l  of 

( 0 . 1  m l  t h i r d  t r i m e s t e r  pregnancy p lasma, '0 .09  m l  

e thano l ,  10  m l  . 2  M phosphate bu f fe r  ) .  The tubes 

f i v e  minutes a t  45 C,  then  30 minutes a t  4 C. All 0 0 

f r a c t i o n s  containing 

"pro te in  t r a c e r  If 

of 10. pc/ml 3H-T i n  

a r e  then  incubated 

fol lowing procedures 

a r e  c a r r i e d  out a t  4OC. 

phosphate b u f f e r )  i s  then  added t o  each tube t o  adsorb f r e e  t e s t o s t e r o n e ,  

and t h e  tubes  incubated f o r  f i v e  minutes. The tubes a r e  shaken f o r  one 

minute,  then  cent r i fuged  a t  4000 rpm f o r  f i v e  minutes. 

of t h e  supernatant  i s  p ipe t t ed  off and counted i n  a s c i n t i l l a t i o n  

counter .  

s tandard  curve tubes  i s  used t o  determine t h e  amount of t e s t o s t e r o n e  i n  t h e  

plasma sample. 

A 1 m l  a l i q u o t  of 10% Korenman's suspension ( i n  

A 0 .5  m l  a l i q u o t  

The curve obtained by p l o t t i n g  cpm v s .  ng t e s t o s t e r o n e  i n  t he  

Resul t s  a r e  repor ted  as ng testosterone/lOOml plasma. 

T h i s  assay can be performed by two persons i n  two 'and one-half days, 

running 1 4  columns - s i x  d u p l i c a t e  samples, one t r a c e r  column, and one 

plasma pool column. We found t h a t  a l l  glassware must be washed u l t r a -  

s o n i c a l l y ,  then washed with d i s t i l l e d  e thanol  , and f i n a l l y  washed with 

d o u b l e - d i s t i l l e d  H20. Ether used i n  t h e  e x t r a c t i o n  must be f r e s h l y  
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d i s t i l l e d .  We f i n d  we can r u n  t h r e e  assays every two weeks, with.  

f o r t u i t o u s  t iming of dishwashing, d i s t i l l a t t 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  t h e  so lven t s  i n  our so lvent  system; in s t ead ,  we t r e a t  

t h e  so lvent  system with Norit  A and f i l t e r  through a Mi l l ipore  system. 

One of t h e  biggest  problems i n  a l l  plasma t e s tos t e rone  assays by 
( 34, 35 1 

competitive p ro te in  binding has been the  so lvent  blank 

t h e  chromatography procedures.  

i n  

It a f f e c t s  t h e  amount of t e s t o s t e r o n e  

"seen" by t h e  p ro te in  - e i t h e r  by competing with t e s t o s t e r o n e  o r  somehow 

a l t e r i n g  t h e  s i t e  of binding. 

mechanism of t h i s  e f f e c t .  

There i s  s t i l l  much d iscuss ion  on the  

Besides present ing  problems f o r  t h e  s tandard 

curve,  t h e  so lvent  blank i s  o f t en  not reproducib le .  

It has been suggested t h a t  t h e  e f f e c t  of t h e  solvent  biank be 

"subtracted1* from t h e  s tandard curve.  This i s  not poss ib l e ,  a s  t he  

so lven t  blank e f f e c t  v a r i e s  with t h e  l e v e l  of t e s tos t e rone  
( 34, 3 5  1 

!I'his method e l imina tes  both problems. Chromatography on LH-20 

p re sen t s  a small and reproducible  solvent  blank. 

a l i q u o t  of 2 . 5  m l  of solvent  i s  c o l l e c t e d ,  it i s  poss ib l e  t o  add 2.5 m l  

of so lvent  t o  each of t h e  tubes of t he  s tandard curve,  compensating f o r  

Since an accura te  

i t s  e f f e c t .  With 24 dup l i ca t e  and t r i p l i c a t e  plasma samples over -a  

range of 0 . 1  t o  1 . 5  ng t e s t o s t e r c n e ,  t h e  average % d i f f e rence  

l a r g e r  value - smaller  value 
x 100 i s  5.2%, with a range of 

l a r g e r  value 0 .2  t o  16.5% 

minimum s e n s i t i v i t y  i s  the  de t ec t ion  of t e s t o s t e r o n e  a t  t he  female l e v e l  

f 
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with  a plasma sample of 0 . 5  ml. From t h i s ,  and ind ica t ions  from t h e  

shape of a f f p r o f i l e f f  curve,  we can obta in  by p l o t t i n g  e l u a t e  volume 

v s .  ng t e s t o s t e r o n e  equiva len t ,  we can rou t ine ly  d e t e c t  0 . 5  ng 

t e s t o s t e r o n e .  We have done t h e  fol lowing plasma t e s t o s t e r o n e  d e t e r -  

minat ions:  

Subjec t  Testosterone (ng/lOOml) 

Funct iona l  prepuberal  c a s t r a t e  (age 14) 60 

Hypogonadism 46 

Male c l i m a c t e r i c  20 8 

A flemale p a t i e n t  had a plasma t e s t o s t e r o n e  l e v e l  of 42 ng/lOOml. 

Sub jec t s  r ece iv ing  t e s tos t e rone  propionate have t e s t o s t e r o n e  l e v e l s  

exceeding 1100 ng/100ml. 

Our gene ra l  agreement with o ther  e s t ab l i shed  methods of plasma 

t e s t o s t e r o n e  measurement i s  shown in' the  following t a b l e :  
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5 .  Summary of Spec i f i c  Highlights of Work t o  Date 

a .  Cytological 

i) Development of a method f o r  t h e  quant i ta t ion  

of germinal c e l l s .  

ii) Development of a method f o r  t he  quan t i t a t ion  

of Leydig c e l l s .  

iii) Confirmation of t h e  t iming of spermatogenesis 
( 11 1 

i n  normal, men a s  reported by Heller  and Clermont 

t h e  t o o l  

, with X-ray a s  
( 1 6 )  2 .  

i v )  An ou t l ine  of the  quan t i t a t ive  response of 

t h e  var ious germinal c e l l  types  t o  i r r a d i a t i o n  a t  dose l e v e l s  of 

approximately 10r t o  600r .  

v )  C las s i f i ca t ion  of t h e  dose-response for 

t h e  var ious germinal c e l l  types .  

Low doses ( 10r  - lOOr ) - spermatogonia a f f ec t ed  

Intermediate  doses ( lOOr - 300r )- spermatogonia a f f ec t ed  a s  

wel l  a s  spermatocytes ( but t he  l a t t e r  do not appear v i s i b l y  

damaged under the  l i g h t  microscope ) 

High doses ( 400r - 600r )- a l l  c e l l  types  a r e  a f f ec t ed ;  

spermatids,  however, a r e  not v i s i b l y  damaged using the  l i g h t  

microscope. 

v i )  Evaluation of the  e f f e c t  of biopsy upon 

sperm count.  

v i i )  U l t r a s t r u c t u r a l  desc r ip t ion  of four  types of 
( 8 )  

human spermatogonia, a f i r s t  i n  t h e  f i e l d  of e l ec t ron  microscopy . 
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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 

of spermatogonium, perhaps r a d i a t i o n - r e s i s t a n t ,  from d a t a  on l i g h t  

microscopic examination of X-ray-depleted b iops ies .  

i x )  Human germinal c e l l s  embedded i n  Epon and 

viewed under t h e  l i g h t  microscope have been descr ibed f o r  t h e  first 

t ime.  

x )  Determination of duc tu la r  t r anspor t  t i m e  of 

mature  spermatozoa from t h e  time they a re  re leased  from t h e  S e r t o l i  c e l l  

cytoplasm u n t i l  * they appear i n  t h e  e j a c u l a t e  
( 6 )  

x i )  DiscoverJthat t h e  morphology of sperm during 

the recovery i s  normal, t h a t  i s ,  t h e  t e s t i s  c leans i t s e l f  of abnormal 

ce l l s .  

x i i )  Quant i ta t ive  inspec t ion  of t h e  recovery of 

a l l  doses s tud ied  following i r r a d i a t i o n .  The e a r l i e s t  spermatogonial 

recovery begins a t  approximately 150 days for a l l  doses.  

x i i i )  Individuals  given the 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 longer i n  one than  another .  

x i v )  Discovery t h a t  humans are unique with regard 

t o  germinal epi thel ium recovery,  as compared t o  o ther  mammals s tud ied .  

Surviving human spermatogonia do not repopulate  before d i f f e r e n t i a t i o n  

occurs as with mouse, r a t ,  e tc .  I n  humans the  spermatogonia d i f f e r e n t i a t e  

r a p i d l y  i n t o  more m.ature ce l l s .  Thus during t h e  process of dep le t ion  i n  
( 2 1  1 

mouse , spermatogonia surviving i r r a d i a t i o n  damage quickly renew 
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themselves and repopulate  t h e  seminiferous tubu le s .  

renewal takes  p lace  does d i f f e r e n t i a t i o n  occur. 

doses of 1 5  t o  5 0 r ,  t h e  surviving spermatogonia do not repopulate  t h e  

e n t i r e  seminiferous tubule ,  but a f t e r  some s l i g h t  renewal e f f o r t ,  

Only a f t e r  such 

In  man, fol lowing 

quickly d i f f e r e n t i a t e  . This f u r t h e r  denudes t h e  germinal epi thel ium 

and f u r t h e r  lowers sperm count. La ter ,  as more spermatogonia begin 

renewal but a l s o  begin d i f f e r e n t i a t i o n ,  t h i s  phenomenon r e su l t s  i n  a 

great delay i n  recovery a t  a l l  doses ( 1 5  t o  600r ). 

xv)  Determination of t h e  dura t ion  of each c e l l  
( 5 )  

type  by eva lua t ion  of germinal c e l l  quan t i t a t ion  

x v i )  Immediate e f f e c t  of X-ray on sperm morphology. 

During deple t ion  sperm remain normal following i r r a d i a t i o n  a t  doses 

below 400r;  a t  400r and above, sperm morphology i s  severely damaged 

i n  t h e  f i rs t  67 days a f t e r  X-ray, i nd ica t ing  damage t o  c e l l s  t h a t  were 

spermatids a t  t h e  time of i r r a d i a t i o n .  

b. Hormonal 

i) Accumulation of f u r t h e r  evidence toward 

, t h a t  i s ,  t h a t  
( 43 1 

sub s t  a n t i a t  i ng  the "u t  i l i z a t  ion hypothesis l1 

gonadotropins are d i r e c t l y  r e l a t e d  t o  t h e  func t iona l  s t a t u s  of t h e  

t e s t e s .  This assumes t h a t  t h e  germinal elements i n  t h e  testes normally 

u t i l i z e  gonadotropin and t h a t  following c e l l u l a r  deple t ion  of t h e  

tubule  less gonadotropin i s  u t i l i z e d .  This resu l t s  i n  more gonadotropin 

appearing i n  t h e  venous e f f l u e n t  of the  testes, t h e  genera l  c i r c u l a t i o n  

t r o p i n s  a r e  increased a s  t h e  germinal epi thel ium i s  denuded following 

IO02512 
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i r r a d i a t i o n .  

ii) Data showing t h a t  ur inary and plasma f o l l i c l e -  

s t imu la t ing  hormone increases  a s  t he  germinal epithelium i s  depleted 

fol lowing i r r a d i a t i o n ,  and decreases  a s  repopulation occurs. Also, 

d a t a  revea l ing  t h a t  ur inary  ICSH does not  increase following i r r a d i a t i o n .  

iii) Adaptation of a method f o r  t h e  radioimmunological 

determinat ion of p l a m a  ICSH, which shows a r i s e  i n  plasma ICSH 

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

i v )  Leydig c e l l  funct ion appears t o  be depressed 

by higher  doses of i r r a d i a t i o n  a s  r e f l e c t e d  by lowered ur inary  t e s t o s -  

te rone  l e v e l s .  

by increase  i n  plasma ICSH and increase i n  Leydig c e l l  numbers a t  high 

dose l e v e l s .  

Compensatory mechanism seem t o  be e l i c i t e d  a s  r e f l e c t e d  

v )  Administration of exogenous hmar! chorionic 

gonadotropins following i r r a d i a t i o n  r evea l s  t h a t  the  Leydig c e l l s  a r e  

as capable of responding t o  t h i s  st imulus a s  a r e  normal Leydig c e l l s .  

This may expla in  t h e i r  response t o  t h e  elevated endogenous ICSH. 
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