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INlRGDUCTION AND PROJECT' IiISTGi2.Y 

w 

In 1963, a projec t  was init-iatec; by Car l  G .  Heller,  M.D., Ph.D. 

of the  Division of Reproductive Physiology of t h e  Pac i f ic  Xorthwest 

Research Foundation, t o  determine the e f f e c t s  of graded doses of 

ionizing rad ia t ion  ( i n  t h i s  case, X-ray i r r ad ia t ion  ) upon t h e  human 

male reproductive system. 

i n  August of t h a t  year ,  using inmate voiunteers from the'oregon Sta te  

Actual t e s t i c u l a r  i r r ad ia t ions  were begun 

Penitent iary.  

August 1963 and May 1971 ), a t o t a l  of 67 men 'received acute t e s t i c u l a r  

During the  year3 i r r a d i a t i m o  were performed ( between 

i r r a d i a t i o n  a t  dosages of 8 rads t.0 G O O  rads ( see TABLE I ). 

During 1963, 1965 and 1967 ad hoc advisory/review committees were 

assembled by the  Atomic Energy Commission t o  give overview and 

d i r ec t ion  t o  t h i s  program. As a r e z u l t ,  t h e  parameter: measured i n  

e a r l y  years were changed a s  more sGphist icated methods became availab3 e ,  

and extensive s t a t i s t i c a l  analysis  was performed. 
* 

The basic  object ives  of t h i s  research program were 1) t o  determine 

t h e  exact nature of t h e  cy to logica l  defec t  produced i n  the development. 

of the g e m i n a l  epithelium and t o  r e l a t e  the  extent of the  defect t o  

dosage and times; -2) t o  f ind  the-minimal dosage t h a t  w i l l  a f f e c t  t he  

.germinal epithelium; 

. given dosage; 

3 )  t o  determine the  time of recovery from any 

4 )  t o  determine the minimal dosage t h a t  leads t o  

permanent damage of spermatogenic c e l l s ;  5) t o  determine t h e  

simultaneous e f f e c t s  of any dosage upon Leydig c e l l  cytology; 6)  t o  

determine the  influence of any given r ad ia t  ion-produced t e s t i c u l a r  

. . . . . . . .  . . . .  . . . . . . .  . . . .  . .  . " .. . . . . .  . . . . . . . . . . .  . ~ - i  :z .  -. . . - ... - ........ ..- ,.-.- "_. ._ - . - ..----. 



e Dose Grouping Actua l  .' 
. Analysis ( r a d s )  Date P.gc {years )  f o r  na ta  

X-ray Dose I r rad  i a  t i o n  Subjec t '  

. .  

("\ 

8r 

8- 5-64 ' 26 18.8 
-- 

. .. ' 18.8 - 8- 5-C4 

4-14-65 31 18.8 
20r 

8.0 [ 8.0i 1 8.0 

10-12-67 

10- 12-'67 

10- 12- 67 

10-12-67 

28 

27 

29 

., i .  

18.9 

20.0 

20.0 

5- 6-71 c- e 

9- 12- 70 42 

b 

5- 6-71 27 . . 120.0 

11- 23 - 63 
* 10-13-65 

28 

30 

. ( 45.8, 9-29-65 3 1' 

.50r 

t 45.83 
. 46.33 

9- 2 9- 65 42 

11-23-63 40 

9-14-63 32 

9-14- G3 52 



c 

. 

7% 

' 183.3 
1 8 8 . 1  

. .  
188.7 . 

188.7 

! 
j 
J .  

75.0 

77.0 . 

77.0 

77.0. 

77.0 

78.0 

. .  

. .i I! 
l O O r  

. .  I 101.0 1 . 

I .  

I 

. .  

, 200r 

191.5 

191.5 

200.0 

200.0 

200.0 

200.0 

200.0 i 200.0 

5- 6-71 . L;r 28 

1- 9-71 37 

io-2.2- 67 ,30 

10 -'12 - 6 7 
10-12-67 34 

43 

10- 12- 6 7 

9-12-70 

11-23-63 

40 - . 

0- 

3 1  

12-10-64 24 

8-22- 63 30 

8- 22- 63 0- 

3-19-64 3 1  - *  

3 - 19-64 37 

_- 9-14- 63 

2- 2-67 _. 'r 46 

10-13-65 38 

2-17-6 6 28 

9- 29- 6 5 39. . * *  

4-14-GS 27 

8-17-63 ' 34 

0-17-63 

1- 5-67 43 

1- 5-67 37 

5- 6-71 . 30 

9-12-70 29 

9-12-70 36 

9-12- 70 -..I 

5- 6-71 26 

1- 9-71 36 



. .  

230r 

300r 

. .  400r 

. .  
I .  

I 
1 .  

i .  

I 

i 
I .  

' I  

; 

600r 

I .  
I 

i 

- 

50r 
-TOTAL 

. I  W 

226.0 
- .  

280.5 5 . .  1 280.55 
367.0 i 375.3 

..' 

547.5 

549.9 

554.4 . . 

556.4 

564.5 

600.0 

600.0 

600. O1 

600. O6 

10-12-G7 

8-22-63 

8-22-63 

600.0 

'600.0 

600.0 

GOO. 04. 

.600.0 

. 640.0 

Received 11 
.doses of 
4. Gr (av..) 

9-14- 63 

8- 5-64 

7-21-64 

2-18-65 . 

3-14-65 

a- 5 4 4  ... 

4-14- 65 

11-14-68 

3-21-70 

11-14-68 

3-21-70 

11-14-68 

1- -9-71 

W 

41 

37 

29 

40 

25 

. 49 

41 

. 44 

' . 2 8  

-- . _  

. .  35 

4 1  

. .  
' 28 

43 

30 

34 
. .  

1- .9-71 25 . 
- .  

. 5 -  6-71 31 

11- 14- 60 * *  33 

9-12-70 37 

From- 34 
2-18-65 to 
4-29- 65 
Each doze 
separated 
by 7 days 

S u p e r s c r i p t  numbers 1 through G r e f e r  t o  the  six s u b j e c t s  who rece ived  
more than  one X-ray dose ,  e.g.  both 25r  doses were rece ived  by t h e  same 

' subject .  

t? 



I 

a l t e r a t i o n  upon other parameters such a s  the excret ion of t o t a l  

gonadotropic hormones, fo l l ic le -s t imula t ing  hormone (FSH), l u t e in i z ing  
C 

- 

hormone (LH) ( a l s o  knpwn a s  i n t e r n t i t i a l  cel l -s t imulat ing hormone o r  

ICSH ), estrogens and andrsgenic hormones; 7 )  t o  determine the  

. inf  lucnce of any given radiGtion-produced t c s t i c u i a r  a l t e r a t i o n  upon 

plasma FSH, LH and tes tos te rcne ;  and 8 )  complete s t a t i s t i c a l .  

examination of a l l  parameters and t h e i r  i n t e rac t ions -  
I 

i unfortunately,  although the  rad ia t ion  of subjects  was completed, 

t h e  projected follow-up of i r r ad ia t ed  volunteers was cut short  i n  
* !  
February of 1973 by the  decision of the  State  of Oregon Director of 

cor rec t iona l  I n s t i t u t i o n s  t o  discontinue research following D r  .' Heller 's 

I 

I 

' . d i s a b i l i t y .  Becauze of D r .  He l l e rTs  -incapacity t h e  Pr inc ipa l  

n Inves t iga tor  was changed t o  ILwis J. Rowley ( formally spproved on 

February 22 ,  1973 ) and terminal  year support granted through 

Ju ly  31, 1974 t o  implement the closing of the  laboratory a t  t h e  

Pac i f i c  Northwest Research Foundation. 
.' 4 .  

* 
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MATERIALS AND PETHODS USED FOE DATA COLLECTION 

Selection of Subjects 

The 67 subjects  f o r  t h i s  study were healthy normal men ( see 

L-- 

APPENDIX A ) between the ages of 25 and 52 years.  Their reproductive 

normalcy was determined p r io r  t o  i r r a d i a t i o n  by physical  examination, 

examination of t e s t i c u l a r  biopzy specimenz, sperm concentratiorr a d  

sperm morphology. 

hormone (LH), fo l l ic le -s t imula t ing  hormone (FSH), t es tos te rcne ,  

es t rogen and/or plasma LH, FSH, and tes tosterone were a l s o  determined. 

Additional rou t ine  t e s t s  such as blood cytology, u r ina lys i s  and various 

blood chemistry t e s t s  were evaluated during the  pre- and post- i r radiat icr .  

period. 

Levels of urinary t o t a l  gonadotropins, l u t e in i z ing  

. 

A Device t o  Deliver Uniform X-Ray Doses 

Equipment was required t o  de l ive r  a uniform, accurately pre- 

c -- P - 

s .  

- ; I *  ' determined dose of X-radiation throughout both t e s t e s  of humn 

volunteers.  
. .  

Building modifications were undesirable,  therefore  the  

apparatus was t o  be por tab le ,  operable from 115V power s q p l y ,  

. independent of plumbing and with bu i l t - i n  radiological-  p ro tec t  ion. 

+ Exposure doses,  uniform t o  within - 5% of t h e  s t a t ed  alierage were t o  

be del ivered a t  t he  r a t e  of approximately 100 roentgens per  minute. 

The equipment provided ( FIGURES 1 & 2 ). conc e i s ted  of two a i r -  

cooled i n d u s t r i a l  X-ray u n i t s ,  with tungsten t a r g e t s ,  L 

approximately 140 KVP with up t o  a 5 m.a. t u b e  cur ren t ,  having an 

inherent f i l t r a t i o n  of 0.14" glass  plus 0.12" mg, equivalent t o  2 m, ~ 1 .  

operating a t  
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These' u n i t s  were mounted 'in a lead-lined box with t h e i r  beams 

hor izonta l ly  opposed on a cormton ax i s .  The X-ray beams were incident  

on a block of t i s s u e  equivalent mater ia l  20 crns x 20 crns x 6 crns 

t h i ck ,  placed mid-way between the  tubes. 

mater ia l  i n  the  middle of t h e  upper edge was a t ransparent  10 cms x 

15 cms x 6 crns vesse l  of .12511 plexig lass .  

Inser ted i n t o  t h i s  block of 

. In  use, the  p lex ig lass  ves se l  was f i l l e d  with warm ( 93 - 94'F ) 

a )  physiological ,  t o  obtain descent water which served two purposes , 
Of t he  t e s t e s  i n t o  the  vessel ,  and 

water vesse l  and surrounding mater ia l  one t i s s u e  equivalent mass, 

thereby making the  dose d i s t r i b u t t o n s  i n  the  t e s t e s  independent of t h e  

b )  physical ,  s malting the  t e s t e s ,  

n a t u r a l  va r i a t ions  i n  the  geometry of t h e  subjec t .  

' I n  appl ica t ion ,  t he  cup was f i l l e d  with water, a t  s c r o t a l  

temperature and the  subject  l a i d  prone w i t h  t e s t i c l e s  suspended i n  the  

water. The l e v e l  of t he  t e s t i c l e s  i n  the  cup was vieved i n  the  mirrors  

through t h e  view por t s .  

l e v e l ,  t he  mirrors were swung out of t h e  X-ray beam path and t h e  pre- 

When the  t e s t i c l e s  were below t h e  1.7 cm 

determined dose del ivered.  The u n i t  was r eca l ib ra t ed  a t  t h e  

termination of t he  experiment. 

in output during a r u n .  

Our records show less than 1% change - .  
. .  . X-Ray Cal ibra t ion  Check - - 

One indeperident check of the  X-ray ca l ib ra t ions  was made using 

R-meters by a phys i c i s t  a t  B a t t e l l e  Northwest Laboratoriez. He 

confirmed t h a t  Our  independent ca l ib ra t ions  agreed with those of 
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' 1. 
t h e  experimenters w i t h i n  t h e  accuracy expected from t h e  instrument5 

used . . . . . . . . : The standard deuiati.ori between our r e s u l t s  was about 

3% ' 1  ' A second indcpendcrit c?iecl; was made using a b io logica l  standard,  

by D r .  Eugene F. Oakberg of Oak Ridge National Laboratory. 

mouse-holding chamber t h a t  would f i t  i n t o  the  water box of t h e  X-ray 

machine was constructed. Dr. Oakberg's gene t i ca l ly  pure  s t r z i n  of 

A spec ia l  

mice was used. Mice were irrad-iated a t  various dosage l eve l s ,  t i m  

autopsied a t  72 hours a f t e r  X-ray. %e preserved t e s t i c u l a r  specimens 

were analyzed and the  r e s u l t s  compared t o  r e s u l t s  obta'ined using 

equipment a t  other i n s t i t u t i o n s  FIGURE 

Data on # I r r a d i a t i o n  of Subjects . -- --- 
3 

Sixty-seven subjec ts  received acute t e s t i c u l a r  i r r a d i a t i o n  i n  
I 

I '  

doses between 8 r  and 600r. Six subjec ts  were i r r ad ia t ed  a second 

time , and ' one subject  a t h i r d  t i m s ,  f ol.lowing complete recovery f rorn 

the  i n i t i a l  dosage. Of t h e s e ,  t h ree  received the  i d e n t i c a l  dosage on 

each of the  two occasions, t h ree  received two d i f f e r e n t  dosages, and 

.one received th ree  d i f f e r e n t  dosages. One subject  was given weekly 

i r r a d i a t i o n s  of 5r per  week f o r  eleven weeks. 

l i s t e d  separa te ly  i n  TABLE I. 

Each dosage given i s  

. .  . .  Post - I r rad ia t ion  Evaluations -- 
'For  each parameter s tudied each subject  served as h i s  own 

cont ro l .  

mentioned above. 

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

Pos t - i r rad ia t ion  observations were made on each parameter 

S e r i a l  t e s t i c u l a r  hiopsies ,were taken following 

After  13 i r r a d i a t i o n s  biopsies  were not tzken d u r i n g  

the pos t - i r r ad ia t  ion  period i n  order t o  s p e c i f i c a l l y  evaluate  sperm 

.. 
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.( 6 > . After 1 9  i r r a d i a t i o n s ,  biopsies were 
( 6 )  

and hormonal evaluations. '  

avoided only during the first 30 day c e l l  deplet ion period 

( subject receiving 5 r  per  week tabulated as one i r r a d i a t i o n  only ). 
( 7 )  

' 

A l l  biopsies were prepared f a ?  l i g h t  microscopy and i n  the  l a t e r  
( 8 )  

years  of tk study f o r  e lec t ron  rn-icroscopy . Germinal c e l l  and 
( 3 3 5 )  Leydig cel l  quant i ta t ion  methods weye developed and . 

u t i l i z e d  on mater ia l  f i x e d  for l i g h t  microscopy. 

Sperm counts were performed using the  haemocytmeter method on 
( 9 )  

samples Submitted weekly by each volunteer.  Sperm morphology 

was examined by Dr. John MacLeod of Cornell Medical School. 

During the f i r s t  years of t h f s  study, urinary s t e r o i d  and hormone 

evalwtions were used exclusively.  

. urinasy evaluations were phased out. 

As plasma meihcds became ava i l ab le ,  

The urinary gonadotropins were 

ccncentrated u s i n g  the  specd-f i l t e r  and kaol in  adsorption method of 

'Aibert . Total gonadotropins were bioassayed by t h e  method of 
. ( 1 1  > .  

( 10 1 

Lauson, Heller and Sevringhaus . Luteinizing hormone bioassay was 
(12) 

cmducted u s i n g  t h e  male hypophysectomized r a t  method of Greep, e t  al. 

!Re Steelman-Pohley assay . was used f o r  FSH. Estrogens were bio- 

asayed using t h e  method of Lauson, IIeller, Golden and Sevringhaus 

( 13  > 
( 14  > 

, Winary tes tos te rone  and epi tes togterone l e v e l s  were determined u s i n g  
( 15, 16 > 

.gas- l iqu id  chromatography 

Plasma tes tos te rone  was determined using the  method of Murphy 

' Radioimmunoassay of p l a s m  FSH and LI-1 was performed using modifications 

of methods by d e l l ,  e t  a1. 
( 18, 19 ) 
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