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Dnf-. o! lnnisinp Rnclinlinn on the IIrirnnn f r s h .  Rndinl. Rra. 57, C 6 5 4 7 X  {I ! l i4 ) .  

A ynrtnl3Ir i ini l  wn. cicvelnpnl to prnvirls r d o r m  irrndintinn oi thr l1iirnnn t c * l n .  The 
elwirr hnd hirilbin rntlio)ozid prolechr. and provided a dornpe indepriirirnt o i  the 
:til,,rTt crornrtry, uniiorm to aithin asyo',. Sin& daws, bctvcen 8 and 6110 rnd r e r c  
nrirn.nidrr i  to the trql- oi  human siibjccts. Obwrvslions r e r e  mnde bolh hrforc nnd 
fol:nainR irrndinlioa. Pnrnmetcn evnliintm includrd a p r m  concentmlion, mntiiily ana 
rnorphninpy, acminnl Ruia volume, pimma and urinnty gondotropin and tntcislt.ione 
iewi9, urinnry ntrogceils, nnd cornprism or taliculnr binpics uken beior? nnd nile; 
aa6,iniion in tne inme subject. Doss-response relrtionships and recovery times were 
&teamined for u c h  dosr range atudied. 

IXTRODUCTION 

Gb;ing ?hc p u r  1G yr ilrJ33-icJ73) 5 IwiK-tcrm studv on tho en'ccts o i  acute 
doses oi X-MY irrndiation on the normal human tcstis hm bccn pc.rJo;mcl. 
On!)- preliminary publication oi peitincn: data has bcerr nltde to date <;-Si.  
Becsusz of the ex?cr.s;ve amount of dnta nccumultted 6 wncs 0: :cporrs is 
being nrittcn. This am, tho first, r i i i  explain thc details of thc irradiations, 
the exprrimcnta.l cieslgn, and give s gcncral ovcr-vicw of the findings. - S u b  
sequent rcporta will provide detailed anniyscs of each of the paramctcm studied. . -  

hEA'IER1AT.S A N 3  METHODS . 
A Deuict la Deliver UnijGrm X-ray ficses 

Equiprnmt w i s  rcquircd to dclivci a nnifoini, nccuratcli prrdcterrninrd dose 
of X-rarliation throughout both testa of human voluntcem. Building modifica- 
tions .&ere undesirable, thercfore the nppnratus WGS i o  h_. *ort3blo, opernblc 

I ThL work wu ~ppbrted  by Unite& S&tm Atomic Energy Cem~&on $oakact AT(iS-I) 
$766 I r: 

9 &em; a d a m :  DivLioa oi N u c ~ e u  Mmicinc, Tumor Iculitutr k &Sl h Hospital 

* As-ittant Rdiothera?Lt, Tumor Iarlitut. d Tho Swedish Hoapi+ MdF-h+, SeattIe, 

, - .  
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Medical Center, 1211 Muioa Street, Sibttlr, W.shin&m 981W. 2 2 .?%. 
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Fio. 1. Section through irradiation unit. 

ironi 115 V poncr supply, indepcndmt of plumbing and with built-in iridic- 
logical protection. Esposr~rc dosc.5, uniform to d t h i n  +5yr of the stntcd aver- 
ngc werc t,o bc drlivcrcd at the ratc of npproxinintely 100 R/min. 

The equipment provided (Figs. I and 2) consistcd of two air-coalcd industrisi 
X-my units, with tiingstcn tnrpcts, oprrating ai npproxinitrly 140 k\'p with 
Iip to 5 mA tubc ciirrcnt, hnviiig an inticrrnt filtration of 0.14 in. glnss >Iris 
0.12 in. hlg, equivalent to 2 mm AI. Tllesa units yieic mountctl in r. Icad-!inrl 
box with their beams horizontally opposed on a common axis. Thc X-iiy beams 
wcre incidcnt on a block of tissue cqciivalcnt matciikl 20 X 20 X 6 cm tGck, 
plnccd midimy between ths  t,iinrs. inrrrtcd into this block of mitcrii1 in tha 
middlc of the uppcr cdge wos a transparent 10 X 15 X 6 cm vcsscl of 0:125 in. 
P1PXigl3ss. 
In use tho PIcxiEJsq v c s d  W R ~  fiilcd witn wnim (S3-94nF) wntcr ahi<h 

scrvcd two purpoqcs: (e) physiological, to abtnin dcsrrnt of thc tnrtr3 in% 
tho v w d ,  and (b) physical, mnking tho tcvtcs, wntc: v w ~ l p n d  clarrounding 

- c _  
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FIG. 3. Spectnl &rribwioo of the.ruliation w dt-terminnl from ahrptinn o~n-n io copper 

_ I  
(rolid line) bod rltiminum (broken line). 

2.  . .  . .  

innrcrinl oiic t i w c  cqiiivnlcnt mr.sJ, ihcrchy itinkinl: thc dosc .4iscrihiitions ifi 
thc trstrs independent. or tlic nnturni vnrinrions in tho gromrtry of $IC siihjcct. - 

Choinctcristics of tho X-ray hczds W:C dctcnninrd bcfnrc &srmbIy ipto ; 
thc unit using a Victorccn “R” mctcr niodcl 70 bcaring rzlibrdtinns againsb 
a l r w  air chambcr and ,a secondary standnrd rcrtificd by thc Hatioh$ ++,u .j 
01 %~&rw.  Tlrcy UCLV ;ouid io dclivcr dosc raiw that WCE i i th in  1%- Of -: 
ona anothcr when opcratrd under the scmc conditions. Narrow bcam cbsnrp- 
tion studics showrd thcm to have first HVLs of 5 mm of aluminum or 0.25 m m  
copper, and sccond HVLA of 7.95 mm aiiimintin or 0.43 mm of coppcr. The 
pcsk kilovoltngc ns detcrrnined froin thc absorption curve in coppcr cornbincd 
with data from hIorgan (6) was found t o  be 135 kVp. The spcctrai distribution 
as dctcrmincd from the absorption curves in aluminurn end coppcr anoiyzcd 
by the method of Cmning  (7) is show in Fig. 3. 

The X-ray heads rc rc  thcn ~ssemblcd into the unit and tfic dose distribution 
explored with an air equivnlcnt ionization chamber rate rncter systcm of a type 
previously dcscribcd (8). Thc chamber bcilt for this projcci WGS wavc length 
indepcndcnt at the encrgics of intcrcst and calibratcd by comparison with the 
Victorcen “R” mctcr. The irradiation of 8 large volume comparcd with the 
volume of intcrwt. reduced the “wuting effect” usudly obscnrcd in mcdia 
irrodintcd by pamllel opposing ficlds. The total size of the irradiated volumc, 
the point of incidence of the ccntrai axis of tho X-my beams and tho focus 
to su’ojcct distsnco were mnnipillated to obtain uniformity of exposum dose 
mtc. h1cnsurcments showcd thnt the dose tate \ma within 55% or tho svcrnge 
througnoct thc volume of the Plcxiglaws vcwl, to within i.7 cm of tho uppcr- 
mmt  surface of tho vesscl. Crcntcr uniformity mry bo achieved by the USB 

oi w d g e  iiltcm if needed. In use, howaver, irradiation w w  ody ?erforZn& 
when the testes descended below tL 1.7 cm levd na viewed in the mirron 
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Fio. 4. Comparison ai moiw apermatogonial survival with datr from lypr A r a d  intrrmrdinte 
spermatogonia pooled. Surviving irsct;ons meruurcd u an exp&mmtn;:controi ratia. 1% raj i c  
tion characteristier for hwrence Rsdiation Laboratory (LRC) w r e  250 kV, 5 zrA;HVL 1.u) 
Cu; lor htrrsachusetta General Hospital 284 kV, 19 mA, HVL 1.3 mm Cu;for Oak Ri6gc National 
h h r a t o r y  250 kV, 15 I& HVL 0.4 mm Cu, and for Salem, Oregon (the axrent pcoject) 100 kV 
and 4.5 mA. 

through the view poris provided (Fig. 1 and 2). The X-ray tub* rested in 
cradlca which wcro now locked in position and the.kad.3 could be returned 
in oze iocation only, if withdrawn fcr serk ing .  

f i re  box housing thc X-iey tubcs whs complc 
rcinforod nt strategic points PS dctcrnincd by 
cxposuro dosc rate rt gonadal hcignt, 8 it Irom 
mil/nr at mnximum opeintion. Thc control pan 
cabie, and thercfore this levcl of protection wm considcrcd adequate in this 
contan. Tha midbody exposiiis dose rate to the s h j c c t  wss oi the order o l  
2G m;i/hr also. This W ~ S  achieve0 by hcsvicr proteetion oi  the top and incer 
~ C C S  of the unit. Merrswements wcre mndc n t  a point in thc middie of the 
vessel in 6 place 5 cm below :he UppCi surincc (a; in air, and CD) in ~ 3 : e : .  
From this data all doss latea througbout the cup c o d a  be related to a simple 
“in air” calibration carried out a t  the site of the ex2eriment. 

In  use, the X-ray units W C i e  operated until thermal equilibrium wa reached. 
The Victoreen chamber waa wed to mensure the output of each tube head 
ie?a:ately to check pcrfomanca Cnlibrntion of both unica o?enrting togzthc 
w a  then innde in thc place, m described bclow. From this the avcrsge dose 
rate in thc water-filled cup and the time for delivery of the 8 w i d  aosa couid 
be computed. “)io timer was of the Liebel Fiorscbcim type; if tho cxjmscrz 
times were less than 1 min the tube  currents were rduced and tho unitr, rc. 
ulibrrted to m h h k  timing errors. 
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In n~i~iliriitiim, t h r  rliyi \vn* t,lirn 'fillccl I\ i b l i  watrr n t  firrrdnl ttw1l~l*r:il.ilrr: 
:urtl t h t .  suI\jwt hici prmc with trpticlc3 mispj,iidt-fl in t.ho rvntcr. 'I'ho Irvt!l 
111 thn tcst.irlw in tlir rup \tiis vi rwd in thr  niirrnrv ttironph tho vicw port.9. 
WIII-II tlrr trsticlrr wrrr hclow thc 1.7 cm lrvrl tlic mirrors vcrc swiinfi out 
of t.lw S- ray  brnni pnlh nnd tlic prbdctcmiincd tlosc clnlivcrcd. Tho unit w.aa 
rrcnlibrntcd nt the terminntion of tho expcrimcnt. Oiir rccords show lcss ttinn 
1% chnngc in output during n run. ' 

' 

X-Rny Cnlibration Checks 

Onr indrprndent cnrck of the X-ray cnlibrntions was mnrio using R-mclrrs 
by rr physirist of Bnttcllc n'orthwmt Lnborntorics. IIc confirmed that "Our 
indrprndent cnlibrntions r q c r d  with thosc of tho cxpcrirncntricl within tho 
wnimcy cxprctcd from thc instrumcnis uscd. . . . Tho standard dcvirtion 
bctrwcn oiir rcwlts wns nbout 37"" A sccond indcpciidcnt chcck WM nnde  
using n biological stnndnrd, hy Dr. E. F. Onkbcrg of Oak Ridge Nntional 
Lnbor3t.org. A special mouscholding chamber that would fit into the wntcr 
box of thc X-my mnchine WIU constructed. Dr. Oakbcrg's gencticnlly pure 
strnin of miw wru uscd. hlice were irradiated at various dosage levcls, then 
autopsied at 72 hr after X-ray. Tho preserved testicular specimens wcro anniyrd  
.and thc rcsiilts comparcd to rcaults obtlrined.using quiprnent2 t  other institu- 

I l l l h l  AN Tl,STICfJIAIt I I I  It\ I IIATION 
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Data on Irrodialion o j  Subjeck 

Sixty-scvcn subjccu reccivd ncritc testicuhr irradiation in &sa oetwzen 8 
nnd GOO rad. Six subjects werc irrndiatcd 6 s w n d  tlmc, and one subject 6 t'nir6 
time, iollowing complete rccovcry i r o n  tiie initial dosgc Of'tbese, thrct r+ 
cc ivd  thc idrnticat dosage oil each ol the two occtisions, thrcc reccivd two 
diffcrcnt dosngcs, and one rcceivcd ttrrea diRcrcnt dosages. Onc subjcc; ~ y 6 5  

givcn wcckly irradiations of 5 rad/wk for 11 
rcpnmkly in Table 5. 

Sc!ectwn oj  Subjcck 

of 25 and 5 2  yr. Thcir reproductive noimni 
tion hy physical cxnmination, exomination of tcsb;itar;biopsjrSp~cimcns, s p c m  
concentration and sperm morphology. Levels of urinary total gonadotropins, 
Iuteinizing homone (LH), ioliicie-stimulating hormone (FSH), testosterone, 
estrogen and/or plesmr. LH, FSH, rnd testosterone. were d s o  determined. 

1 The men were voiuntcca who were iarniibrkk k t h  the 2roje:r m d  its g0a:S ovsr an'cxunocd. 
prcirradiation observation period ta enable the itwatignt~n to emre infomd c0rWr.t. B%hers 
a?phoie, tho ?uticipnt'r d e  w u  a b  required io a;va mitten C Q ~ ~ C ~ L  Extccsiva revizr oi 
:nir progruc wu carried out at h . 0  intfnaia by a t  a2provd h- consent revier bad. 
Tired dditiond recews were provided by d k commit- whorr m s m h  r e m  wiacbd 
natioody. Pi- 0onL.ct tire udor author for f d e r  informlion. 

1 
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Additional routine twb such ps blood cytology, uridysis nnd various blood 
chemistry twb were evaluated during the prc- and poatkradiatioo period. 
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FIO. 5. The mgonse oi urinary bhl gondotropia Icrcb ana w r m  eonwabakion b a single 

d a  of200 rad of X-irrdiaCon b Lhr h ~ .  

Poslirradiation Euoluatwn 

For eacn paramecer etudici each suoj.~cz scivcd as his on% controi. Post- 
irradiation obsrrvations wcro mode on cGh paramrtcr mentioned abovr Srri,z] 
testicular biopsies were tnkcn foUowing 42 irradiations. Aftcr :3 irradrations 
biop,.ics wrrc not tnkca during j'ncpostirradintion pcnod in oide; to spzo;licni;p 
cvnibntc spcm cnd hoimonal waltptigm (9;. Afbci 19 imad;ztions, biopc;o 
*.vcro avoiticd only durirg tbc 3rbt 31&(ldy cci: dcpiction pcrjod (9) (s-;h;cc: 
rccciving 5 rrd/tvk tabulated na one ip&at1on oniy). Ail bio?s;cs we:e p i 0  
p m d  for light microscopy (10) and, in the lrtcr ycan of the study, for clcctron 
microscopy (11). Germinal cell nnd h y d i g  ccll qusntitstion methods rvore d o  
vclopcd (3, 12) and utilized on material fixed for llght microscopy. 

Sperm counts were pcriormed using the hncmocptomctcr method on samples 
submittrd rvcrkly by Each volunteer. S p c m  morphology (13) wvag examind 
by Dr. Jo_hn $IncLcod of %rneil &!icciiai Schooi. 

During the first yean 01 thisshdy urinary steroid find hornone evalurtiojls 
WCrC CxclusivelY. Ph~Sma methods became hvaifnblc, \;rinary evaluation3 
WerC phased out- Tho u h r y  gonadotropins were concentrated using the g e G -  
filter and kaolin adsorption method of Albert (14). Total gonadotropins were 
b i o w a d  the method of Liiuson, Hcller and Sevringhnus (15). Lutcinizlng 
hormone biomnjr wa conducted using the male hypophysectomltcd rat method 
of Greep el d. (16). Tne Steelman-Pohlcy assay (17) N B ~  used for FSH. Estrogens 
wcre b i o w y e d  using the method of buson, HeIler, Golden and Sevringhaw 
(la). Urinrry testoatcrone and epitcstoskrone leveis w m  detwnined csing glc 
(10, eo). 
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Plasma tcslostcrone was dctcrmincd using the methoa oi hfurphy (21). 
Rndioirnrnunoavay of plmme FSH and LH was performed u i n g  n:odihcations 
of methods by Well cf ai. (22, $8;. I 

RES-aTs 

Urrnary Goitaddropins (Fig .  6) 

‘i .- 
E 
t‘ 
! 

j 
E / 

i 
E 

F 
! ;. In cxch srtbjccc and foi cnch rntlintion dose lcvri (csccpt S rad for \vhiril 

urinary total gonndotropin vnlucs were not octcrmincd), 3 tiistinct rise in  _ _  
urinary total gonadotropins \ v u  noted. Thc rise occtirrcd conco&nntly witin 
the first denuding of the gciminnf cpithclillm. T l ~ c  risc \vas sddninrit until <. 

histological ircovcry bcgnn. Suhscqucnt lowering of tot.ai gonndotropin icvds 
to  normal, parallcled thc rcpopulntion of the seminiferous tuhi?. Urinniy 
LII lcvcls wcre not changed :oliowing irrndiation exposure at ‘Biy rim during 
tho C O U ~ C  of ccplction, quicsccnt period, or during recovery. .Urinary FSH 
lcvcls paralieled the rise and fnil oi total gonadotro?ins. The ,  ionr‘ subjects 
rccciving 8 rad rcvcaled no change in FSH. 

P h m a  Conadofropiw (Fig .  6)  

A h w i n g  plmna r”SH icvels confirmca tne ~ C S U I ~  Obta:Iie(! &% &&ii 
n.sssys. No change \m fotiad io:lo!+,g 8 rad, e s!ight iilcicase :;vis ’j2e;, $6 
20 rad and highly signiiiconr increases were iound bet\veen 75 hq mo.,-& 
At t h e  dosagu pllumn FSH Icveis rosz much as iourfoid. P;rd&l t f i  GvSs 
contrcsica sharply with va!ucs obttiaed iron ~ r i n r r y  tunys. \3n;ytw;e &e$. 
i 8 hnd 23 rrdi revenled no cnnnge in p;rLsrr,a L)i ioiIo~t<q irindj&j& a ~ j i ~ ~  
h h c r  h e a  (75 and KU rad) definite LH increuzs wcia iouna. Tb&g&dcst 

’ 

t 
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Sptrniidnpon in 
Ad A p  k3 

1M) rnd 
Control 0.71 053 0.25 

24 hr 0.G2. 0.44 0.14 
i 4  d q 3  0.59 0.OG 0.003 
23 d n g  0.20 0.03 0.04 
49 aaj- 0.27 3.12 0.02 

I I2 dn!x 0.06 0.02 0 
210 d q -  0.08 0.06 0.005 

Sprrmnlor~lrn 5p.rmnliB 
R 1, X P Sn SIP SI: 

0.24 0.41 0.OG 1.99 1.43 1.23 1.29 100 
0.14 0.33 0.0'2 1.32 0.72 0.7'3 0.71 0.74 
0 0.009 0 1.05 0.55 0.59 0.73 0.49 
0.02 0 0 0.27 0.81 1.06 0.75 0.73 
0.03 0.04 0 0.20 0.17 0.82 

0.06 0 0 0 0.03 0.02 
0.02 0 0 0 0.06 0.03 

600 rnd 
Cnntrol 
22 hr 
:4 d n p  
221 d n p  
64 dnjs 

i51 d n p  
252 d q a  
322 d.)a 
477 daya 

0.X 0.44 325 6.33 0.61 0.01 2.G0 1.5s 2.20 
0.47 0.24 0.07 0.07 0.74 0.04 2 9 0  1.88 2.24 
0.28 0.23 0.004 0 3.01 0 1,35 0.11 0.00 
0.21 0.14 0.01 0 0 0 0.01 1.34 
0.01 0.002 0 0 3 5 5  Q t  
0.002 0 0 ii 3 G J  0 3  
0.006 0 t 5 J 0 0  G O  
0.003 0.01 0.02 0.W5 5 0 O.G.5 0.04 
0.001 0 0 0.006 0 0 0.01 0 0 

1.83 i .GO 
2.22 i.G.5 
0.71 0.72 

2.37 

9 5  
0 5  

0.0: 
0 0  

- -  u u  

All b i o p r r  =re qurntibtca by one indiriaual by h e  tuoular method (3). Spcrmatogonlr 
daigo6kl  Ad (Aduk) ,  Ap (A-pale), and B. Spennrtocytu designated R (roling or preiepto- 
hoe), L Qeptotene), 2 (zygotene) and i' @achykoe). SpennrticL duiyslcd Sk S b  6, md && . 

- , .  - . n :  i with the Sd him the moot maturr or dt6eientiattd. -. c . -  

c 

incrcnse wns after 0 rad where pluma LH levels were doublc &e prcirra- 
diation vnluos. 

Urinwy ~ n d  P h m c  Sicioida 

tcstostcrone levels revcded a minimai but statistically significnnt low 
following irradiation. Plasma testosterone determination showed ntj a 
change following irradiation. 

CeIlular E f f x b  

mprphologicrl and qunntitative change a t  al! _d.4se>Eels 
8 rad where no biopsies wera tnkcnj. Spermotocytcs wcrs' 
Gosa of 2iN-300 rad B) shown by their inability to complete mhtu 
which caused a decrease in resulthnp s?ennrrtid numbers. Spemntocytcs w r e  
Vtibly dunaged at the 4OiWJO r d  level. Spermatids showed no overt damnge, 

Urinary estrogen ievels weie noc chraged ioLowing 

&s,matogonia were iound to-be the most rndiosensitive cell. t y  

- 
Ilk1 ' R u i  

howcvc 
crc3sca 

Follo 
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the duc. 
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I'rclin 
in Lc,-d 
5. Sertol: 
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Iiisroiogivrl recovery initintion crlculntcd by finL increrue in grrmind ccll numben. 
' i l e c c w r y  initiution by s p m  awnbet' increme .IN detcrrnincd in cjnciil.ted serninnl Aiiid. 

no;Vewr, aftcr 400-600 rad, the rcsultant spcrmatozon were signiiicnntly d o  
crcasd in numbcr signifying covert spcrmntid dannge. 

Zolloning tcsticular depletion through cellular maturation (and thc failurc 
of the spermatogonia to supply rcplrcomcnt cel!s) which tnkcs 46 days, ac 
additional 21 dnys w:u required (a totai of 67 days follo\\ing irrzdiatian) f o i  
the sperm conccntration to  drop to azoospcrmin a: rll dose lcvcis aooyc 78 rad 
(Fig. 5). Doscs of 76 and 53 rnd produccd marked oiigospcriliiZdccrc~ii;g t -. 

s ? c m  conccntrntion from normal to about 2 m/cc. Lower dos- prodiscd . -- E 
moderato aiirospcrmia (iowcrinp counts to above 10 m/cc>. At 78 ind htd .., 
azoospermia occurrcd in all slibjccts but one. - 

At thc highcr doscs (400-600 rad) spcrm concentration fci; pecipitously . 
prior to thc 48 day pcriod beenosc of thc domngc to spcrmatids (Fig. 6). At .~ . . 
thc intcrrncdiato dose lcvcis (230-300 rad) the spcrm conccntrati6n 'did not 1 ; 2 
show n dccrcnso prior to thc 46 day postirraointion pcriod cvcn though some . ,_ 

spcrniatocytw failcd to devclop. Tho mixing of gcneratioris of epchatozoa in . r,: 2 
the ductular systcm and tho natural high wcckly variation in spcrni .SO~ICW~- - ,- 2 
tration may nave obscured the diminution. _ I _  , -  

i 'rehinnry rcsulb fiom subjecis a t  the 690 id doso ievel rcvcd mkrcqsl: 
in- i q d i g  CC!! numbcis (counts were corrcctcd for tissiie shnnkngc:by usi ig  
a Sertoli ccll ratio ( I t ) ,  i.c., # Loydig cells/# Scrtoii cells). This incre%:k 
Leydig cell numbers occurred QO days after irradiation and remained elev+tc?d 

' until the timo at which the gorminal cpithclium bcgnn to rccover. Thackefulb 
were obtained from iour rubjects receiving 600 rad and were not dti$e-&&&l 2 Z. 5 z- 

.. . 

. .  .- -- ~ . -  

' 

on subjects receiving the lower doses. ; 3 $ 7  ? 2 3 &  

The beginning of rccorcry M S ~ O W A  by aa inc:c.cwa in gciminnl ccil ncmbcm 
prcccdcs the show of SPWM or tho i n c r m  in u?erin numbcrs in t b  cjacuiaks 
(ToLic 111). A t  dosagcs bc!ow 103 rad 'this diKcrcrico is negligibh. At doru;gcs 
of 200 rad the incrccuo in g c d n a l  cdis may prccede tho obscrvstion oi elscu- 
hted sperm by 4 mo, at 600 r d  hbtologicrl recovery m y  b% initiated A7 mo 

. 

before rjlcnn LCI) found 
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DISCUSSION 

The Sist problcm associated with this project was to tlclivcr as uriiiorm an 
m o u n t  of radiation as possible to nll depths of testicular tissric of both tcsfrs 
without cxpoaing tho subject to nny cxtrnncous radiation. We rcjcctcrl the  
conventional X-ray thcrapy units on tho mnrkct (in 1903) :a unsuitable Iwcntlso 
of lack of mcans of uniform covcrngo of tho trstcs, inck of assurnnco th:Lt u n i -  
formity from subjcct to subject could bo crtnhlishcd nnd lnrk of (or n\vkwara) 
shicldinp protection to, tbe subject's body. Therefore, n siniplo portahlc box 

. wna designed that allowed the scrotum and teste, to drop into R plastic box 
; : . PlM with water at scrotal temperature and thcn be irrodiatcd by two X-ray 

Throughout thc ' timo whon irradiation \VIIS perform4 (S-22-63 to 5-6-71) 
@e JS&O equipment was u s d .  Tho irradiations wcro cariiccl out by s radio- 

&re etcrmincd. As p1as;r.a methods becamo available they were suhstitutrd 
for .the less accurate bioassay techniques. Gcncially thc rcsuits obhincd from 
urinary and plssma anaigsis sgrccd. Our explatiation for th2 risj in goilade- 
:tropins is tnnt the germinal cells, during tbcir noma! colirsc of maturation 

. :=and :dewlopment, requirc gondotropins. In  thc sbscncc of germincl cell ac- 
,. -%ti_Vity $0 utilimtion OCCUM and conscqucntly excess gonadotropins nppcar in 

hc pIwma find urine. The iowcring of gonadotropin valucs occurs rn the gcr- 
:pin+ &tls again become active during tho rccovery period. A direct comparison 
:bf$gp% sperm count and gonadotropin curvw on axjy one subject will dcmon- 
gtpti? &is dependeme. 

Ostogcn and testostcror*e levels can bc :used as a rncsssrc of Lcydig ccll 
function for the human male. Thc urinary estrogen method was relatively 

. insensitive horvaver, and twtosterone dctcmiination later substituted. The 
fall in urinary testosterone coupled with thc rise in LH (plasma) strongly 
mggcst that the radiation caused some interference in Lcydig cell function. 

.. W e  suggat  that the incrense in Lcydig cell numbers found at the higher X-my 
doses ivm an  cfTort to compensate for thcir rcduccd function. 
From the combination of morpl~ological and quautitative aat4 we conclude 

tbat  spermatqoNa we the most radiosensitive cell types and spermatids the 
most radioresistant cells (Table 11). A striking aspect of this data ia that cclls 
literally next to each other both in development and spatial plnccmcnt ivit.hin 
tha tubule have diasrent r.dior&tonce. For b h n c e ,  the type B o w t o -  

, 

- 

. .  tub&. . 

~ -. 
~~ ~ thmpkt with n technician assisting. 

. .  During the early years of this study, unnnry gonadotropins and steroids 

_. . - 
. .  , .  

. .  

, %  

. .  
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