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' . relate this tb the human m a l e  with security. Indeed, basic  differences have 
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been suggested between the response of the mouse and rat. For'example, 
Oakberg attributes spennatoganial cell death a s  the mainfreason for depletion 
-of the germinal epithelium i n  the mouse after expositre to x-rays. On the 
other hand, Jones considers 'inhibition of mitotic actlvlty as the main cause 
Sn the rat. Furthermore, the .rate of spermatogenesis is different i n  man 
a s  compared t o  various animals {and the rate is a l so  different between 
various lower animal species). This undoubtedly will be reflected i n  dif- 
ferences i n  response other than jus t  time-relationship; a t  l eas t  there is 
no definite data concerning this point i n  man. 

for several reasQns other than the aforementioned practical aspects, Ac- 
curate Calculations as to the RBE of neutron irradiation in human beings, 
especially with respect to gonadal tissue, are not possible due to inadequate 
data. It would s e e m  highly important from all viewpoints to correct this 
situation. And, a s  proposed, our project should supply irfiportant data on 
this point; 

Another important readon far stud'ying neutron irradiation is that there are 
certain difficulties at present in  the measurement of neutron dosimetry that 
need clariflcation. Dr. 'Roedch' s .approach to this problem will provide 
important data on this  point. 

of neutrons for human study. Certainly, Stone's woik emphasizing the 
problem of sk n lcerations is a n  important complication to consider. However, 
Bewley et a1 h33L have recently published the result$ of their experiments ' 
dealing with effects of pig gkin after neutron irradiation. They point out 
that the main problem was inadequate understanding of chronic dose frbction- 
ation.; This wodld not be a problem with our proposed'exposure to a single 
acute dose. Also, their acute data will serve as a useful guideline in our 
work. Another problem to consider for the proper use of neutrons is adequate 
shielding of the subject. Our plan wrth respect to so 
outlined later on i n  thls proposal. 

In addition to the neutron aspect of our study, we plan to investigate 
the effects of radium irradiation on t h e  testes. .Th i s  ~ q s y f f ~ z s  selected 
since the dQslmetry .is well-known and reprod . Also there 
are the. classic qnlmal experiments of Regaud d b t k ' g u l d a n c e  8s to dose 

Secondly, neutrons have been selected as our primary object of study 
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Investigators have been cautious, and rightly so, concerning the use 

ng this will be 

_- and fesponse and for comparison with our human data. - .  . . 

AS an alternative to the use of radium i n  our preliminary La:ork, x-rays 
could be u s  d s o rce of irradiation. Human data is a l s o  lncornplete 
i n  thls area p16f( l f i f i8y,  and as  mentioned before, there is considerable anl- 
mal data avallabie for cornpacison. 

We woulcPprefq to-use-radium for.our. ibilti-al work becec5 E of the 
eese of handling and the equipment involved. 

An lmcclrtant asfzct  of our study is that ccncernin; chror.:scna! damaqe 
as  a -0  cf  1 djat:on. Gradue!!y the literature is  de*.ielop!r.; on t>..!s 

I . -- . .. - .  ---- .._ 
. - -. . . . _  

I 
- *  . 

_c -- 

. Ij1 nddi t i sz  :C the d o c c n ; r ~ . t ~ : i c ~ .  ~f z ~ ! J c T - . ~ !  Z?ZZX,C?- 
... . . _ . - .  . - -  . .  ..... .-.-. -.* _... .._ .*.. _ _  c!.: : s,r:f;..s,: * .  

.. >'-#.;:-  ~.-.~13Y/h;?~ iJbd 
. .  .. ?.' -.,.-... - - ... ... : & -  -2 .rc.~sn,- .c- .  :.: p . . . a n - - -  ,-. ..;.- .: ..-. 



-3- . . .  
chromosomal d ge. among o the r s ,  has s u g g e s t e d  tha t  the  
well-known e of irradiation on t h e  ag ing  process is retated to chromo- 
- soma1 "breaks. .:. :. :: .. 

. .  
We have  pqrfected our t i s s u e  cul ture  techniques  w i t h  respec t  to . .  

tes t icular  t i s s u e  so that t h i s  a s p e c t  c a n  be s tudied .  In o u t  investigation 
of t he  men a t  Hanford w e  have observed chromosomal de l e t ions  in F. L . ,  
who w a s  exposed to a gonadal  d o s e  of 120 rem, This was observed i n  
t i s s u e  obtained by  biopsy e igh t  months a f t e r  exposure to mixed neutron and 
gamma irradiation. 

Finally, there  is the  problem of w h a t  cons t i tu tes  a n  adequate  number 
of sub jec t s  for adequate  documentation of t h e  response  to a n y  given dose 
of i r r a d l a t i ~ n .  This ques t ion  1s diff icul t  to answer  i n  a dogmatic manner. 
In m y  experience,  the  previously normal human t e s t i s  responds  in  a n  
arnatifigly uniform fashion t o  agents  which altef its function. Therefore, 
I would consider  6 - 8 subjects i n  a n y  g iven  category a s  be ing  an adequate  
number for statistical reference.  

IV. SCIENTIFIC SCOPE OF PROPOSED RESEARCH 

A .  Prjricipal Aim$: 1) To re la te  radiat ion dosage  to changes i n  gonadal 
function. 2) To ut i l ize  t h e  radiation gonadal  changes  a s  means  for studying 
anterior-pituitary interrelationships . 3) To explore the rapeu t i c  and medical 
protective measures  with respect to gonadal  irradiation. 4) TQ explore our 
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current concepts  concerning radiation dosage expressed  in phys ica l  terms (J and their  re la t ion  to biologic effekts. I , I 

8 .  Method of Procedure: 

1.  Research Subjects: Heal thy male  volunteers  who aye ' inmates  a t  the 
Washingt\on S ta te  'Penitkntlary In W,alla Walla will cons t i tu te  our research  
material. Approval for t h i s  ptoject  h a s  been obtained from Mr, Rhay, 
Superintendent of the  S ta t e  Penitentiary; Dr. Weyns, Director of State  In- 
sti tutfons; Dr. Hogness,  Ass is tan t  Dean  of the Medlcel Sdiool; Dr.' Kirby, 
Chairman of the Clinical  Research Committee a t  the Medica l  SchDol. Copies  
of their  l e t te rs  a r e  appended a s . enc losu res  (21, (3),  (4) a n d  ( 5 ) .  In addition, 
Dr. Bucove, Head of the State Department of 'Hsa l th ,  has  been  apprised of 
this propbsed project and h e  has  s t a t e d  tha t  there a re  no objec t ions  as far 
a s  h e  is concerne$. 

' 

The aims of our project and l t s  implication with r e s p e c t  t o  future 
fer t i l i ty  wlll be d i scussed  i n  detei l  w i th  e a c h  inmate vrrlunteer end so docu- 
mented. Those inmates w h o  agree to become research  s u b j e c t s  !or our ' 

project wlll be compensated only in t h e  following manner: 1) A st ipend of 
five dol lars  per month whi ic  a research  sub jec t  and avc!lable, for observa-  
tioris, 2 )  e s:lpend of twenty-five do l l a r s  tha t  month ir. xh ich .  a :esticuler 
blspsl-  Is performed. 

The ace range contemplated for our  reseersh sub:ects wi l l  =e from 
-31 :c 45 yoers.  Only tncso  inma:es who *.*:ill te inp:isznsd a t  l e e s t  f:*.*e 
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may be divided in to  three phases ,  Phase  11 will  cons i s t  of using radium 

mold) air for radiat ion therapy. The dosage range w e  plan to cover wi l l  be 

radiation techniques and'comgare our human da ta  with avallable animal da ta .  
As soon a s  w e  have developed proper shielding,  w e  will begin to use our 
neutron source (Phase 111). 

Phase I1 wlll be, concerned both with proper sh ie ld ing  and  pertinent 
dos lmetry. 

Since t h e  Yniversity does not have a department of Radiation Physics ,  
the a s s i s t a n c e  of Dr. W. C. Roesch of the  Radiologlcal Phys ic s  organization 
a t  Hanford has  been  obtained for the  physics  of our  ptoJect .  S i z e  we wish  
t o  expose  only the gonad to significant neutron irradidtton, i t  will be neces -  
s a ry  to devise  proper shielding for the research qub jec t ' s  body. For th i s  
purpose-the neutron generator wl l l  f i r s t  be ins ta l led  at t h e  Hbnford laboratory. 

We propose to purchase'  a neutron generator of the  type now being 
used for neutron act ivat ion ana lys i s .  This will  providi t h e  necessa ry  high 
output. Most of the  work will be done wlth 14 MEV neutrons.  Some of the 
work will be conducted w i t h  2 . 5  M E V  neutrons but at  a lower output for 
comparison effects. The necessa ry  shielding a n d  cajibrction of the system . 
will be performed .at Hanford using mannikins. Dr, Roesch' s approach to 
the shielding problem 1s a s  fQl l6WS:  Firs t  of all,  the ,machine an& the  sub jec t  
being irradiated wlll be surrounded by  enough water, in t a h k s  , t o  reduce 
the external radiat ion to safe levels  for the opera,tors a n d  o ther  people i n  
the building. This, then, c a n  be considered a l a rge  mass '6f water surrounding 
the neutron source ,  Inside tNs mass wil l  be a small empty tube enclosing 
the neutron source a t  one end and'the testes being irradiated at the o ther  , 
end. Thus the r e s t  of t h e  spbject' s body will  be protected by  water. As - 
a necessary  refinement to t h i s  basic "shield,  various e lements  with high 
c ross  sec t ions  for neutron abGorptior) for 14 MEV-neutrons wi l l  be s tudied 
for u s e  as  additional shielding. Also, alteratkons i n  the deuteron beam 
wlll  be studled t o  permit bringing the  t e s t i s  closer to the source .  Then the 
completed system will be set u p  a t  the peni ten t ia ry in  a basement  room of 
the hospital bui lding,  which has Been s e t  a s i d e  for our use. 

Phase rl1 will  involve tes t lcular  irradiation uslng our neutron source .  
The ant ic ipated gonadal dose will range from 10 t o  109 r ads  delivered acutely.  

For both Phase I and  111 of our project,  t he  approach to  studying the 
effects  of radiation on human tes t icular  function wit1 be directed along the  
following general  outline, Control observat ions will be made on each  

will include urinary qonadotrophln and estrogen e 
sernlna! flu!? xexaminctions and rnlcroscepic exsm 
specimen. in  additisn, s3me cf eech7testicular speclmsn v.'ill be submitted 
for tissue culture an6 subsequent  eveluzltion of the chromosomal pattern and  
rnory?hology. After the, a c u t e  exposure to radigtion, repeat  obziewatlons of 
each paramete 11 be made at  apprcpriete in ais. T h s  i t  s h @ u l a  he 
:p.~;jj-,!~. t c  re! r ~ , . ~ L l ~ n  dcco tc c:?ar.ges i sti!x!e: f'2nr!i^r., t..!cre 
.. . , .  . r i . .  9 '  ... . . . r l . .  

needles  appl ied to the  gonad externally in the  same manner (1.e. Plastic 

from 80 to 800 r. This phase of our study will serve to standardize our . 
-4.. .. 
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, volunteer inmate as .to h i s  tes t icular  function. The paremeters to be measured 
etion t i t e rs  , repeated 
tic:? 01 a tos' lwlar biops): 
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recovery. Conc 
inmate who rece 
+are will be tak 

g the latter point it wlli be necessary to  observe each 
the higher dosages for at least Wo years; therefore, 
inmate selection so that this will be possible. ' 

Repeat t issue culture and subsequent chromosomal study will be made 
after irradiation to evaluate fragmenta tfoq, "breaks" and changes in chromo- 
somal numbers. Fhese alterations have been demonstrated-to occur after 
exposure to radiation. 

of causing cell death, Leydig-cell It is generally considered that s 
function remains intact after radiation . Urinary estrogen excretion wil l  
be studied throughout our project*qs a reflection of Leydlg-cel1 function. 
Furthermore, newer techniques for measur n testosterone excretion i n  the 

73% 

urine will  be used to strengthen our study 129, . 
If it is true that Leydig-cell function remains intact, then  we w!ll have 

a unique' opportunity to study urinary gonadotrophin exciction fron a qmli -  
tative viewpoint in  men having selective alteration'ln germinal epithelial 
activfty. Assays will  be made as to tatal gonadotrophin and luteinizing 
hormone titer changes. The latter should remain at titers compatible with 
normal m e n ,  whereas the total gonadotrophin 1 v is should rise when sig- 
nificant depression of spermatogenesis occurs 72 5 *. 

This is, in fact, what has been observed i n  the men  we have followed 
a t  Hanford. By enlarging our data we shall  be able to firrp up this point. 
Or i f  this ism' t confirmed, determine the  reason why not. 

between radiation dose and testicular changes, it will be feaglble to explore 
possible means fqr protecting against even temporary testicular damage. 
For example, i t  may be possible to protect the germinal eplthelium from 
damage to a t  l eas t  modest irradiation doses by suppressing spermatogenesis. 
An easy approach would be to inhibit gonadotrophin secretion by the admlnis- 
tration of testo 
fashion by Joel . 

With respect to our  final aim, i t  should be posslble to study i n  detail 
our histologic material (testicular biopsy specimens) i n  light of the radiatlon 
dosage and relate this quantitatively to the number of semdniferous tubules 
involved. For example, i n  the testicular material from one of the  men at  
Hanford, some o,$ the seminimferous tubules are populated only by Sertoli 
cells after exposure to irradiation, whereas other tubu!es s r e  damageq t 
a much lesser degree. By app1yk.G the priaciples suggested by Rcssi 
the current concepts regarding the effects of loce! enerGy density could be 
eval U B  ted . 

After w e  establish with reasonable degree of certainty a s  to the relation 

. This approach w-as investigated in  a preliminary 51 9 yon e 

\ 2  8 , 
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. I  VI. OTHER PERSONNEL 

There are three AEC Radiological Physics  Fellows a.t the University 
-of Washington who have had a second year of their f e l l m a h i p  approved. 
They have aoreed to work on Phase II of this project  at Hanford as a means 
of fulfilling t h e  thes i s  requlrements for their  Mas te r s  d e g r e e s , .  I t  is esti- 
mated that  they will spend full-time on this  project for a t  l e a s t ' a  period of 
six months,. 

The research  technician specif ied in ' this appl ica t ion  will have t h e  
followipg duties:  1) Assist in-supervis ing the preparation of t h e  histologic 
material ,  2) make photomicrographs of the  his tologic  mater la l  for subsequent  
correia tion wi th  ancil lary 'data, 3) after learning the  technlque of equating 
tubular involvement to  tes t icu lar  mass, to  document said changes  for full 

. evalua tion. Thls tecbnlcian'wlll  spend full-time o n  this project .  

' At the present  t i m e  w e  have in  our employ three f u l l - t i m e  technicians 
trained In variqus duties t h a t  wlll bear on th i s  project ,  They  wlll be 
spending varying, periods of time on this project, but it \is difficult  t o  esti- 
mate t h e  percentage thereof. , - I 

i VII. RELATED FINANClAL ASSISTANCE 

Although this is a University of Washington project, Dr. Roesch will 
be involved i n  the basic phys ics  of t h i s  work. Before w e  c a n  expose  the  
inmate volunteers to neutrprt mdlatton, t hese  basic s t u d i e s  will  be carried 
out i n  h i s  laboratory at Hanford,. Therefore, Mr. Parker, t h e  head of the  
radiation laboratory a t  hqnford,  is writing letter to the REC in Richland. 
This wi l l  request  their  endors.ernent of Dr. Roesch's par t ic ipat ion in t h i s  
project. The AEC i n  RicNand will then  notify your office regarding t h i s  
a s p e c t .  

11s ted  below: 
Additional f inancial  support of Dr. Paulsen'  s research  ac t iv i t ies  is 

NIM AM 05436-C 2s 1 End: Pituitary-Gonadal Interrelations hl p, 
$22,145; 9/1/62 to 8/3'1/63 

NIH TI A M  5361-04: Endocrinology and Metabolism Reproductive 
Physiology (Training Grant); $29 ,051 ;  7/1/63 to' 6/30/64 

I VIII.. lvtATCP.IALS, EQU,IPAIEI:'T AND FACILITIES ' 

3 

t.. Equlpment and  f ac i l i t i e s  Available 

1 .  Phcse I1 wili  bc ccrr ied 'out  s t  Hanford with the en t l r e  fac i l l t l es  of 

Permanent c;ui?ment , Endocrine F.esezrch Leboratmy, Vn!vers . ty  

Clr. Rcesch ' s  lsborrtcry availcf?!e to  th i s  project .  

Div!s!c\n a t  USPWS XoE?ital , Sest t le ,  Vleshington (Dr. Paulsen):  
, 2 .  
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E. Consumable duppliesr 

' 

.... ..... ,.- . *. ,'. .+; 
. - - .. ~ e a g q n t s ,  dqaswarei stains,' i i d i a ,  etc. for hiitolc& . 2000.00 f. . ; < . . Y . ~ ~ $ & ~ ~ ~ a i d  disue kdwe - 

F. Miscellaneous: 

Cost of transporting urine specimens from Walla Walla to 
research laboratories i n  Seattle via Railway Express 1900.00 

Rernodelhg- laboratory space a t  the USPHS Hospital in 
Seattle and Room BO1 In the basement of the hospltal 
building at the  Walla Walla State Penitentiary ' 4000.00 

Cost of leating the radium and construction of FLastic 
mold 1000.00 

.. 

G.' Overhead (19% of salar ies)  1882.14 

TOTAL BUDGET $0,364.02 

Alternate Budqet 

Items A, B,  G, D, E,. G remain the same 

F-. MI scellaneous : 

39364.02 

Cost of transporting urine specimens 

. and Room BO1 at the  State Penitentiary 

1000.00 

4000.00 

12 months 4182.00 

Remodeling laboratory space at the USPHS HospSal 

G.E. Maximar 250 KV,' type 3 - monthly lease 348. SO 

covers all malntenance, labor parts , instalktion 
Shipping expense 500.00 

I 

TOTAL BUDGET $64,046.02 
(Alternate) 

C. Alvin Paulser., hl . D. 
Prlncipal 1nvest::t:cr 
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