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I .  TITLE OF P2OjECT 

Effect of Irradiation on Human Tesris: Changes  i n  Spermatogenesis  I Chromo- 
sdmal Morphology, Leydig Ce l l  Function and  Pituitary-Gonadal i n t e r r e l a t i o n s h ? s  
a s  a Function of Radiation Dose  

11. ISSTITUTION STONSORING I N E S T I G X I O N  

Universi ty  Of Washington School of Medic ine ,  Deparmei-,t of Medicine 

SCIENTIFIC BACKGROUND A N D  MOTIVATION FOR INITIATION OF STGDY 111. 

There has  been  no  b a s i c  change  in  th i s  a s p e c t  of oEr project  s i n c e  w e  in i t ia ted  
our s tudy  in  1 9 6 3 .  Thus the  material  is not repeated herein.  

SCIENTIFIC SCOPE OF PROPOSED RESZLWCI-I 

~ 

IV. 

.4. Principal Aims: 1) T o  re la te  radiat ion dosage  t o  changes  i n  gonadal  func t ion ,  
2)  t o  ut i l ize  the  radiat ion gonadal  changes  a s  t h e  means for studyinG anter ior  
3i tui tary in~e r re l a t ionsh ips  , 3)  ;o explore  therapeut ic  and  medica l  protect ive 
measures  with r e spec t  t o  gonadal  i r radiat ion,  4) to explore our  current  concep t s  
concerning radiat ion dosage  expres sed  i n  phys ica l  t e r n s  and the i r  re la t ion to 
biologic e f f ec t s .  

B .  Merhod  of Procedure: 

1. Research Subjec ts :  Our in i t ia l  proposal w a s  reviewed by  the  Cl in ica l  Inves t i -  
Sat ion CGmmitte2 of the  Universi ty  oi Washington .  
our 2roposal w a s  cons idered  to be appro;sriate wi th  r e spec t  to thc  r ights  of our 
research  sub jec t s  and  t o  our procedural d e t a i l s .  
neutrGn a s p e c t  of our project w e  resubmit ted our  pro?osal for r ev iew.  
of our work w a s  p a s s e d  on favorably but cont ingent  2.30~1 approval  of rhe Univer- 
s i t y '  s Isorope Commit tee .  Subsequent ly  w e  appeared  before t h i s  commit tee  and  
receivoci approval cont ingent  upon our d o s i n e t r y  d a t c .  / x n  :he da ta  a r e  comple te  

:he Isoro?e Committee for adv ice  and  ac t ion .  
of ocr  s tudy  10 be completed wirhin two months ,  

As menIioned previous ly ,  

Before proceeding w i t h  t he  
This p h a s e  

f a r  h . ~ , h  A the 2 . 5  and 1 4 . 5  MeV energy l eve i s  I w e  sha l l  p resent  t h i s  mater ia l  to 
The sckedule  c a l l s  for t h i s  portion 

Since IVZ have eva lua ted  s 9 e r n  count  da ta  darived from a n  in i t i a l  control period 
t n c  ar. 84-day no procedure ?er iod,  w e  a r e  in  a posit ion t o  proceed  wi th  o>Jr 
s:uCLes oi low d o s e  x-ray exposure ,  i . e .  7 .  5 and  3 r .  For example ,  in  a comparison'' 
Oi 2 7  men we  I'ind tha t  in 5 a s igni f icant  (p  = < O .  0 5 )  d e c r e a s e  i n  sperm count  
wi!l be observed wi th  the  only !mown variable  being time or  in o the r  words " n o  
procedure.  'I 
exceec Thci f requency i f  we  a r e  to cor,cluca t h a t  spermatogenes is  h a s  been  
al tered 2 s  a consequence  of the  radiat ion exposure .  
resu l rs  of s e x i n a l  f luid comparison s - i a t i s t i c s . )  

Therefore ,  a f t e r  a n y  g iven  d o s e  of i r radiat ion w e  s h a l l  F,ave to 

(See progress  reporr lor  

Ev~!uct ion of germinal ce l l  funCtiG:-! following irradiation wiLl be carrie:'. out  i n  
. . .  companion fash ion  a s  describeci preViGuSly. 

have  ser ia i  t e s t i cu la r  b iops ies  perfoixec!, j u s t  seminal  f luid er.d hormorJal s t u d i e s ;  
while  tne other  group wil l  have  t e s t i cu la r  b iops ies  performed a t  appropric:e 
in te rva ls  followir,g i r radiat ion to  determine re la t ive  sens i t iv icy  of the  d i f f e ren t  
s e r n  c e l l s  to var ious d o s e s  oi irradia-Lion. 

€Or e x a n p l e ,  on? Group ~ 1 1 1 ~  120t 
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2 .  .,,-?av \I Dosaqe:  \'<e have e s s e n t i a l l y  cance l l ed  OCT procosed  stzcies of 
:he ;?igher d o s e  ranges above 402 r .  
o i  3 and 7 . 5  r .  

This  year  we sha l l  concentrate on d o s e s  

< .  Histoloqic  "Scorinq" : 3ur ing  th i s  ?as'; year  we have corn?ared ::?e 
various methods for quancLiteTing sperrnatogenesis  ( s e e  pi-ogres s repor t ) .  
r2suli.s ind ica te  tna: the bes t  method so  far is to r s l a t c  e a c h  g e r a  c e l l  ;yp2 t o  
cL:?e 114.. 1 , x ~ c l e "  uni t .  
Uzfoxunate ly ,  The var iance  der ived from the quanTication of the type  6 s p e r x a t o -  
Gonia, res t ing spermatocytes  a n a  the en t i re  spermatid s e r i e s  i s  t o o  k i s h  for 
przct ical  " sco r ing ,  'I a t  l e a s t  w i th  our present  t ecnn iques .  
: z l y  on the  da ta  from the  type Ad, Ap spermatogonic ,  ;;?e LeptoIene-Zygotene 
s?ermatocyies  and  the  Pachyiene spermatocytes  " s c o r e s "  to i nd ica t e  the  s c e c i f i c  
ge rm c e l l  types  immediately damaged by  any  g iven  c o s e  of radia-iion. We  plan to 
eva1uai.e the  h is to logic  changes  a t  400 and  15 1: in  t h i s  manner. 
obtained 9 ,  i 5 ,  33 and 49 days  following irradiarion wil l  be s tud ied .  

Sc: 

The faceor oi N has  been de te rn iced  for eaci i  gzrm c2l i  :ype.  
' 

Tkerefore ,  we s h a i l  

S iopsy  spec imens  

5 .  Yorncnai  Assavs: T o  d a t e  w e  c a n  not f ind a n y  def ini te  terrporai correlat ion 
5ecween urinary FSE t i te rs  and  the decre2sir .g s s a r m  ccur;t 0; dec reas ing  germ 
c=.!ls. 
e.nc these elevared l eve l s  reiurn io normal prio; IO complete  resrorat ion of s p a r n a t o -  
c e n e s i s .  
z?pear  10 bz a n y  spec i f ic  germ c e l l  type  tha t  regu!ates the l eve l  of FSH secr2r ion .  
' i r iksr s tud ies  lvith urinary FSH excret ion l e v e l s  wil l  be car r iec  out  t o  s t renGthez 
ocr present  conclus ions  or refute  thern. 

is general  t h e  gonadotrophin e leva t ion  l a s s  behind the  h is to logic  c h a n c e s  

With our present  da ta  w e  would have to conclude  t h a t  rhere do?si i ' t  

>zring the  p a s t  year  w e  have  e s t ab l i shed  the  sens i t i ve  rod:oin?rriuncassay 
. r  r.zr'r..zz :or est imat ing plasma L H  l e v e l s .  

?.ss been employed.  
;-.eve serum LE l e v e l s  varying i r o n  apgrox ixa te ly  4 to 18  mIU/rrl1 ? las r ,a .  i n  
crder eo Iurther assess  poss ib l e  changes  in  Leydicj c e l l  functior, ioilowil:g irradi-  
z;ion ~ v e  will  decLermine, i n  a s e r i a l  f a sh ion ,  serum LH l eve l s  faL!owinG -is0 r 
x-ray.  
rcciat ion exposcre  serum LH l e v e l s  should i n c r e a s e .  As a coro l la ry  to rhese 
scuc ie s ,  plasma tes tos te rone  l eve l s  wi l l  be measured in the  s a n e  serum spec i -  

s tud ies  using the double  i so to?e  method.  

The  double  an t ibody rnethoci oi Micg ley  
Using th i s  technique  w e  have  ceterrninee c h a ~  no;-n>.a; zer.  

Ii Leycig c e l l  function is  s igni f icant ly  reduced a s  a consequence  to  

' rnens. Dr. G n c y  wil l  cont inue to  co l labora te  wi th  u s  by performing t h e s e  

6 .  S3erm Moti l i tv ,  Viabili tv and Morohologv: Curing the  p a s t  yea r ,  Dr. 

T o  dare  w e  have  n o t  uncovered 
Ciarlte'  s group a t  Hanford has  been  srudying s p e r n  moti l i ty ,  v iab i l i ty  zr.2 
.-:.orp:?o!~gjy before and  fol1oLvir.g i r radiat ion.  
e n y  dichotomy hetween motil iIy,  viabi!ity ar.ci s3~3rrn coun t .  Eowever ,  our 
s:udies c re  preli%i?.z:-y ail0 i u r I h e r 3 m r e  ?.ceded concerning ::?is point .  
; k t  the anorp:hous form ir icrease is qci;e s e n s i t i v e  in forecas t ing  a subsequen: 
dec rease  in s.serm concentratior. .  
?.elpic!. 

It a??ecrs 

The :xrce:i ;aq? of tzpered forms is not a s  
V!e s h a l l  conrinue these s tud ie s  t%is ioxhcoming year .  

7 .  Chromosora!  Changes: A s  mer.Tioned previous ly ,  when neutron e:,:?ssc.:z 
1s czrr;zG out ,  changes  in  chromosome; cLr,o:;-;,aiicies wil l  be s r ~ c i i e k  L;.C cb...- 
;c;red ;o our x-ray d a t a ,  

2 .  Electron Microscopy:  During the  p a s t  year  w e  have s tudied  normal 
1 0 0 1 1 9 1  



V. S C I E S T I F I C  PERSONNEL 

C .  A!v;n Paulsen ,  M .  D. 
W .  C .  Roesch ,  Ph. D. 
LValt Wi lson ,  P h .  D .  
Kenneth Scvinth, Ai l .  S .  
ies 6raby,  A/;. S .  
S;ephen Siversie,  M .  D .  
Duane Zsgeland ,  M .  D.  
Ton Werrbach,  M. D. 
Donald L .  Gordon, M . D. 

V i  

VII .  

ViiI 

Curriculum v i t ae  for Dr.  Espeland and  Dr. Werrbach a re  e n c l o s e d .  They 
wi l l  join the  project  shor t ly  a f te r  Iuly 1 ,  1966. 
:he Uzivers i ty  of Washington in  A ? r i l ,  1 9 6 8 .  

Dr. Gordon p!ans to return to 

OTHER ?ERSONNZL 

X r s .  j ean  ;l'uec:kel, B .  A . ,  and  Donald J .  Moore ,  B .  A . ,  coht inc2  LG ~vvork 
on th i s  project a s  before .  MargaLet Couiure joined our staff th i s  lasi  year  and 
hss been  doing the  his tologic  s t u d i e s .  
t i n g ,  i: was n e c e s s a r y  io  hire a s t a t i s t i ca l  a s s i s t a n t .  Mrs .  Mar ian  Urs ic  was 
cssigr.eci th i s  t a s k .  

Due t o  the inc reased  data w e  arz cccur ,u l a -  

FiZLATZ 9 F I NAY C IAL P.S S I S TAN CZ 

T=ne projec1 director has -ihe following f inanc ia l  support  from N i E  for varioils 
aspec:s oi re la ted  s tudies :  

SIX 5 RO 1 AY05436-G6 END: Pituitary-Gonadal In te r re la t ionship ,  $ 4 0 , 9 4 9 ,  
9/1/66 to 8/31/67 

X Z  T l  P.M 5161-09:  TrainiEg Gcant in Endocrinology, $34,187, 7/1/67 to  6/30/68 

h:ATZFII.kLS, EQUIPMENT AND F'ACILITIZS 

... C 
x o j e c t  renewal requesr. excep t  icr iha  equipment acqui red  curing ;his year .  
T.SW equipment is l i s t ed  in  the  procress  report .  

Ai! z ~ c e r i ~ l s ,  equi?ment and f ac i l i t i e s  a r e  the  same a s  l i s r ed  i n  t he  1 9 6 6  
The 

3 .  JcsTificzLion of equi?ment 'io hz procured: 

1 0 0  I 1 9 2  



IX . 

2 .  Rental oi G .  E. h/Iaximar x-ray appa ra tus :  This item wi l l  cont ince to be 
l e a s e d  for this  next year .  

TX4\TL A N D  OTHER ITEMS 

The amount reques ted  for travel r ep resen t s  our require;r.ents based  on the  
exger ience  of previous yea r s .  

TO f ac i l i t a t e  the documentation of our data i o r  ?ublicazion 2r.d the  process::.(; 
oI' our photomicrography li lm, funds a r e  reques ted  to cover  ;he estimated COST 
of photomicrographs, c n a r t s ,  and i l l u s t r a t ions .  

Salary i n c r e a s e s  a s  l i s t ed  are  the r e su l t  of a University-wide s a l a r y  s c a l e  
i n c r e a s e .  

: h e  to  the need  for greater  numbers of inmates  to  s a t i s f y  our i nves t iga t ive  
requirements ,  the amount for volun-teer s t i pends  hss i nc reased .  Vasec tony  
c o s t s  wi l l  i n c r e a s e  a s  more volunreers complete par t ic ipat ion i n  the progyam. 

Because of the  need  for insuring pro2er operation of the Coul te r  counter  
and  for having ava i l ab le  subs t i t u t e  equi2rner.t during b;ea!:ciown or maintenance  
Feriods , a se rv ice  conti-act w a s  obtained through Coulter Electronics during 
t h e  current yea r .  
represei-,;atives is p lanned .  

Renewal of t h i s  contract: or subs t i t u t e  contract  through loca l  

Sizce Dr. Vilar has  al! t he  major equipment for 7erforming the  e l ec t ron  
r . icroscopy s t u d i e s ,  t he  small  arnount reques ted  r ep resen t s  a rr,inimal expenditure 
for  the amount oi da ta  that  wil l  be der ived.  



.?osed Budget 
Year 1967-1952 

s AL.u I E s 
a )  Non-Professional 

Technician 111, I3 :.!d M c c  full-t ime 
Techniciar? I i ,  J E  Zueckc Jll- t ime 
Technician I ,  M; -:ret C o  3 ,  full-tin- 
S t a t i s t i ca l  Assis :, Mari. r s i c ,  85'. ,le 
Lab Ee lpe r ,  Lois ; le ,  6 S + ,  --.ne 
P i O i ~ c & , c ~ A w ,  pr. i .  L73Ke.c Fe 11 W Q ~  &fLy) 

b) Professional  
Insrructor i n  Uedic::.?, I m a l d  L .  Gordon, M .  D. 

2 months,  50% t i m e  

c) Fringe benef i t s  ( / c ,  .3p) 
d 

SUPPLIES 
a) Laboratory 

Gia s s w a r e  
Reagents  
T i s sue  cul ture  media and  suppl ies  
a s s a y  r a t s :  2500 immature female r a t s  @$l .1C 
Misce l l aneous  l a b  suppl ies  
Suppl ies  fo r  Coui ter  counter  ( saponin ,  rep lacement  

Suppl ies  for  Dr. Gandy 
rubes ,  e t c )  

. k e t i c  H3 anhydride,  1200 m c  
2OFhydroxy s teroid dehydrosenase ,  50 mg 

? h oto g ra F hi c s u p pl i e s 
Grids ,  etc. , for e lectron microscope 
Soivents ,  reagents ,  p l a s t i c ,  osmium tetroxide 

Suppl ies  for  Dr.  Vilar 

1 ,250  *' 
800 

1,003 
1,soc 
2,750 
500 

500 

745 
300 

500 
125 

1,200 

250 

a )  Reziscernent i t ems  and  maintenance of neutron OeneraTor 
r-, o n n  i a rge r s  
3euter ium g a s  
Miscel!a.r;eous pans 2nd 1001s 
Ion pump, re iurbishing 

U U V  

1 GO 
5 0 0  
6 0 0  

T U V E L  

b) Four rnembei+s of researcn  project to s c i e n t i i i c  meetir.gs 1 ,  OOO 

VOLUNTEER STiPENDS 
a) -e volunteers  @ $lO/mon;h 12,OCO 

1 , 2 0 0  5) 
c) 

a) Two pso?le ,  2 times monthly t o  ~ a l l a  Walls 2 , 8 0 3  

--- 80 b io?s ies /year  @ $1- b 
1 5  vzsec tomies  @ $lOO/inm.ate  and $60/contract 

Fhysician 2 , 4 0 0  

1 0 , 1 7 5  

2 ,000  

4 ,  r c 3  

QJjL 



Proposed Budget,  c o n t i n u e d  

MISCELLANEOUS 
a )  Sh ipp ing  specimen c o n t a i n e r s  t o  and from Walla Walla 800 
b) Photomicrographs,  c h a r t s ,  i l l u s t r a t i o n s  1 ,500  
c )  R e n t a l ,  G .  E. Maximar 4 , 3 5 8  

500 d) S e r v i c e  c o n t r a c t  € o r  c o u l t e r  c o u n t e r  
e) Communications costs 600 7 , 7 5 8  

I N D I R E C T  COSTS 20% of s l a r i e s  
' I t  TOTAL 



2srirna.ied Expendi;ures 

Cor.tract Year 1966-1967 

Sa l s r i e  s 

Saiary z a s r s  

Equi pm enr 
Zeiss photoscope 6,429.00 

Control ler  120 .00  
Deurerium t a r s e t  1 3 0 . 0 0  

Travel 

Volunteer s t i pends  and  cont rac t  phys ic ian  

Consumable suppl ies  

Misce l laneous  expense  
h4 aximar re  nta 1 
Communications 
Coulter  cont rac t  
Shipping costs 
Photographic costs 
Conversion of Coulter  Counter  

indirect  costs 

To be re imbursed koin other  sou rces  

Total  fund 
Balance forward from 1965-66 grant  year  
Current cont rac t  

1,540.c; 

13,600.20 

3 , 9 3 9 .  ss 

"Inasmuch a s  insuf f ic ien t  iunds  were  ava i lah le  f ~ -  consurria'r;:e su?p!izs,  
t he  remaining supp l i e s  needed for th i s  projec7 were  obtair ,ed from oLier 
iund s o u r c e s .  



C U X I  C UL 3 M V ZT AE 

Kame: 

Sam: 

Eciuca t ion : 

Medical  Education: 

Gusne Xerry Espe lex i  

, Everer.;, Was::ing:on 

University O: Washington,  S e a t t l e ,  ?.A. 1960 

Universi ty  of IVashington School  of M d i c i n e ,  

RotatiEg Internship,  USP3S Hospi ta l ,  S t a t e n  

Resident  I Internal Med.icine , U S P H S  Hospital I 

M . D . ,  1964 

i s land ,  1964-65 L 

Staten I s land ,  1965-67 

Current Appointment: 
(as of 7/1/67) Senior Fellow i n  Medic ine ,  Univcrs i ty  of 

Washington School of M e d i c i z e  



Name: 

ijorn : 

Eciucation: 

Medical Education: 

- Current Position: 

Future Assignment: 

, Milwaukee,  Wiscons in  

Universi ty  0:’ W i s c o n s i n ,  B.S.,1955 

Univers i ty  of W i s c o n s i n  Medical  School, M. D . ,  1959 
Rotating in te rnsh ip ,  Virginia Mason Eosgita! , 

Residency ,  Internal  Medicine , Viiginia Mason 
Sea t t l e ,  1959-60 

Eospital, 1960,-63, Chief 3esident,  1962-S3 

I 

C a p t . ,  US&-, MC, a s s i g n e d  to USAF Eospi ta l  Tac~-.-.ikatva 

Senior  Fellow i n  Medic ine ,  Universi ty  of Washington 
School of Medic ine ,  e f fec t ive  e a r l y  fall, 1 9 5 7 ,  a t  
complet ion of mil i tary service 



i j PUELICATION BY AEC 

W .  C .  Roesch,  Ph. D. Radiological 
W. Wilson ,  Ph. D. 
K. Swinth,  M .  S. 

Physics  
Battelle-#ec.&,th- 

R o w  mony Kraduntc  s t u d e n t s  a n  p r o j e c t ?  

83TlCE O F  RE3E%'?C$l PROJECT 
SC 'dC E 1 N FO R 2.1 AT  IO N E X C  I-IARG E 

SVJTHSOMAN INSTITUTION 

HEREBY AUTHOFtIZEO 

Division of Biology and htcdicine 
UNI7ED STATES ATOEIC ENERGY CO23ISSION 

NAVE AX) ADCRESS OF iNSiiTuTiirN: Pleaso  s t a t 0  also t h e  D i v i s i o n ,  Dc:,-ft;cnt, or  P r o f e a s i o n d  School ( m e d i c a l ,  &rad- 

G U P P O R T l E i G  AG P H C Y :  

u a t e ,  o r  o t h e r )  w i th  which t h i s  p r o j e c t  shou ld  be i d o n c i f i a b .  

Dept.  of Medici  
Univ.  of Wash .  

George Halling, J r . ,  
S. Swers ie ,  M. D. 
R.  Carpenter  M . D. 

How many p radua te  s t u d e n t  mawyearsf  

Universi ty  of Washington School of Medicine 
Department of Medicine 
Sea t t l e ,  Washington 

The Study of Irradiation Effects on the  Human Testis: Including Histologic  TITLE OF PROJECT 

Chromosomal and Hormonal Aspects 

Our principal a i m s  are:  1) To  re la te  radiation dosage  (x-ray and  neutron) t o  changes  
in  gonadal  function, 2) t o  ut i l ize  the  radiat ion gonadal c h a n g e s ' a s  t h e  means for studying 
anter ior  pi tui tary in te r re la t ionships ,  3) t o  explore therapeut ic  and medical protective 
measu res  with r e spec t  t o  gonadal i r radiat ion,  and 4) t o  explore our current concepts  con- 
cerning radiat ion dosage  expressed  in  phys ica l  terms and  their  re la t ion to biologic effects. 

The data  which  we have accumulated so far ind ica te  tha t  the human testis is qui te  
s ens i t i ve  t o  x-ray i r radiat ion.  Thirty r del ivered acu te ly  produces t rans ien t  azoospermia 
and 15 r produces seve re  oligospermia of a t rans ien t  nature .  With 400r,  complete recovery 
h a s  n o t o c c u r r e d  by 600 d a y s  post-irradiation. 

We plan t o  s tudy  the  neutron dose-response c u w e  th i s  coming year  and e s t a b l i s h  

Urinary gonadotrophin s tud ie s  confirm the  relat ionship between FSH t i t e r s  and 

an  R . B . E .  for 2 .5  and 1 4 . 5  MEV neutrons.  

germinal ep i the l ia l  funct ion.  
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We plan t o  s tudy  seve ra l  a s p e c t s  of pituitary-gonadal interrelat ionships  , 

By performing spec i f i c  FSH and LH a s s a y s  in  both normal men and males 
with various gonadal  d i sorders ,  w e  wi l l  re la te  changes in  FSH t i te rs  to spec i f i c  
germinal cell d e f e c t s .  
dichotomous changes  in  FSH and LH t i te rs  i n  t e s t i cu la r  d i s e a s e .  

Furthermore, information wil l  be gained with r e spec t  t o  

An evalua t ion  of long-term human gonadotrophin therapy i n  fenialt:! hypo- 
gonadotrophic eunuchoids  wi l l  be cont inued.  An attempt wi l l  be  m a d e  to s imulate  
the  normal menstrual  cyc le  by ad jus t ing  the d o s a g e s  of the FSH and LH preparations 
adminis tered.  

The e t io logy  of decreased  sperm counts  following t e s t i cu la r  biopsy wil l  
cont inue to be s tudied .  An antigen-antibody reac t ion  appears  to  be the most 
l i ke ly  factor  and  emphasis  is being placed on this a rea .  
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