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repeat testiculer biopsies and those that receive x-ray m d  have only 
seminal fluid stucites carried out, In the maind we b v e  concentrated 
oq the lOOr dose with respect to evaluetlng hfstologlc chmges ih the 
geminal epithelium consequent to x-ray exposure. The method of . 
Oakberg for w ~ ~ ~ T I n ~ 9  the testis was followed, along with a slight 
modification. Oakberg quantltatlvely relates the specific genn cell 
types to the mean number of Scrtoli ce!ls present in the semUorous 
tubules that ore extmined, This is done to cwect for tubular akinkage, 
particularly at higher doses. We lave found that relating the specific 
gem cell types to the tubule unit remwes the vnriakle m a t e d  by 
countlcq the Sertoli cells. Testicular biopsy specimens from the con- 
trol period were scored, and these served as our hme of reference. 

Biopsy specimens obtalned 9, 15, 2.1, 27, 33 and 49 days fol- 
luotlng x-ray exposure weco scored and compared to the coatml data, 
We found that 8 s  early as nine days there was a significant reduction 
in the numbers of A pale and B opermatogonia; also the proleptotene, 
leptotene, zygotene and pachytene spermatocytes were reduced in 
numbera. By counting back in time, using the duration of spermato- 
genesis as outlined by Clemont and Heller, i t  is concluded tlmt at 
1OOr the Ad, Ap and type B spermatogonia susteined immediate damage 
from the x-ray administered. Obsenrations at the other time intervals 
led to the same conckslon with respect to the genn c d l  damage at 
the time of exposure. 

.. 

Our preliminary observations on specimens four hours following 
exposure lndlcate that cellular metaborisin is altered. For example, 
although the *scoring" of the testis was 1132 altered from the contml 
observations , g e m  cells, presuniably sperrnctolgcnla, were distorted 
in shape and sfalned more heavily. 

Plaorns testosterone levels have k e n  detcnnined In our volunteers 
to assess Leydig-cell function. This has bean accomplished with the 
collaboration of I%. Hortense Gandy in the Depatment of Obstetrics 
and Gynecology, Cornel.1 Medical College. A double isotope method 
was used forbthese detenninstlms Prior to irrtiddiatlon, possible 
changes in testosteroae levels due to a dittmal rhythm, a3 well as 
doy-to-day variations in the same individual, were investigated. Our 
plasma testosterone values for nonnel adult meles during the control 
period ranged from 0.26 to 1 .5  pg%. These data compare favorably 
w l a  those publlshctd by Hudson et al.  and Lipsett et nl. No diurnal 
rhythm could be detectod. The day-to-day vsriction in testonterone 
levels for the same individual wao noted to bc os much 8s 50%. 
Following mdiat lon  in the doae renge from 15 to 400r, plasma tes- 
tosterone level8 did not change significantly. Measurements were 
daterninad on specimens obtalned at 4 ,  24  and 72 hours crnd at 2 and 
4 weeks foUQwlng hsadiation. In s m e  instances, longer intervals 
up to several months were evaluated, 

Urhaxy eotrogen excretion was also stxidied in the early phases 
of ow program to asseas possible changes in Leydig-cell function. 
Determinations Y J W ~  performed before and following irradiation in 



3 

some twenty subjects. No significant altcrauoan in  estrogen excretion 
was noted. 

When the test is  is domaged by any nenns, including inndiaaon, 
utlrary gonadotrophin exmtion increases jxovided B noma1 pitUittrW- 
hypothalamic system remains intact. There are several xwthods for 
mesaurlng urinary gonadotrophin tlters. T h e e  of these were utilized: 
first, the rat ovurlan weight method, which mcasucs a11 the gonado- 
trophlns bnd is designated a general gonodotropm tssny; next, the 
chorionic gonadotr0ph.b method of Stcclmsn-Pohtcy, which mcasums 
oaly the Follicla~Stimul~ting-Honnone (FSH); and finally, the rat 
ventral psostate method of Greep, which measures only Intcrstltial- 
Cell-Stimulating-Hormone (ICSH) . 

General gonudotrophln tlters ware detsnnined serlally in fitteen 
volunteers who received doses of 15 - 4OOr. A slgnlfLCcnt elevatfon 
in gonedotrophin excretion was observed ln eleven of these men. The 
rise in gonadotrophin tlters did not occur uatf1 30 to  135 days following 
irradiation, which was generally after thc spenn cwnt decreased. 
Since the general gonadotrophin assay measures both FSH and ICSH 
and since the geminal epithelium is theoratlally related to only PSH 
levels, the delay in rhe and the lack of rise tn four of the subjects 
may reflect the relmtlve insensitivity of this assay mo2Sod. Therefore, 
wo focused our attention ofi the specific FSH assay. 

.. 

A preliminary stiwey in nlne men was made with respect to chnnges 
in FSH excretion followlng irradiation. An increase in u r i ~ r y  FSH 
titer8 was demonstrated in all but one, and that lndlvidual received 
only 1Sr. Hi3 spew, count decremed but uot to severe oligospennlc 
levels. Tho tlrne rcqukad for the FSH tltcrs Po rise varied from 55 to 
123 days. Further studies wil l  be necessary b z h e  e mom precise 
relauonshlp can be made with reayect to spsnn count changes and 
urinary PSH excretion levels. 

ICSH 'a13aoys were performed serial!;? in fifteen males who iecoived 
15 to 400r. No signtficant elevation occurred followlng irradiation. 
This is not surprising since our a3sc~srr~~4nt of Lcydig-cell function by 
plasma testosterone measurements and ur!.nary cstrosen excretion asebys 
failed to reveal any decrease in honxoncl productton. 

Since Chromosomal damage wcurs as a result of inadfation 
exposure, we pcrfomed ohrofi.osomsl anctyscs in some of OUI male 
subjects Mora and sfter tbey were exposed to x-ray. Short-term 
culture wus carried out on peripheral blood sgacinens and testioular 
tlssue bcfor6 and at varying intervuls foltmfng x-ray. The blood 
studies sewed BS an additional control for our methodology, sinoe it 
wus unlikely that a significant volume of blood would be elrgosed to 
the %-my ditected to the testicular region. Tbe criteria of Court-Brawn 
and his assosiates were used for categorizirrg any detsoted abnomalltles. 
Briefly, Group A dates to modal number, Group B relates to chromatid 
ohanges and Group C reintes to ohrornosomal changes. In three control 
and eight pOst-irradlatlOA blood sampLes, no significant chromatid OT 
chromosomal changes to indicate damage were noted, 

. 
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40  Ron OUT pre2imincry studies it is apparent that quintitation 
of geminal epithelial changes is fseoibie, We iwzc sc1ectc.d the time M e *  

level frrr this phase of our study. t::e shall irrsmo.;re the number of 
observations yer time tntorva~ for approprict3 Gtstistlal szwilysls. 

5. Since spenn conccntnrion changes may not be the most 
sensitive parcmeter, tive ore planning B plh? study whrro carehl . 
exarr.lrwtion of sperm viebility anc? morpholwy will be wrrled out. 
The necessary comp~fis~ns betwecn these daOn and swnn coui~ts 
should give us isnpor2ant informtl.m us 'so early *&mgeU changes. 

6. A very importarit phase of om inxs2:gotion will  be carried 
out W s  mxt year. That is tho constntccon oZ ^bo ncuts'ou dose-response 
ewe. Both 2.5 and 14.5 lvi;Ey encsgy levels will be atudted. Then the 
RBE for the testis can be calculated, . 

7 . Udnery gonadotrophin excation tlters 8 particularly FSH, w i l l  
be studied at appropriate time intervals following l m d k t i o ~ .  These 
data will be correleted wlth the quantitative changes noted in the 
gennlnal epithdluin. By this meens, we should be able to  determine 
whether or not a specific gem cell w ccnrr cell3 regulate the level of 
endogenous FSH, Presently *as infornation is no; bmm, so the lm- 
poriance of those observations is self-evidmt. 

mlS Of 9 8  1 5 8  24, 33 and 49 &YS* 0 r . C  hWKkZd r%'ill r%lah the dose 
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8 , Our investigations with respect to chromosomal aberrziticns 
secoDdary t o  imdtatlon wil l  continue. hlore polnts OA the dose 
response cunz need to be documented, For this aspect of our study 
we shall confine CUT obsewations to neutron exposure. 

C. Gxady~te Studcats end Postdoctorel Fellows 

Since our co;LtT,ct was activated, one graduate student received 
his Master's degree and four pOstdoctoXZ1 fellows have been trained. 
Mr, Kenneth I.. Swinth received hic Muster" s degree 2ar his work on 
thc neutron genereitcr shielding, A copy of hi> Master' s thesis 
accori:panic:o this report (cncloswe #l) . JdShough they did not receive 
salary suppoi3 2min D U ~  projoct, I2-s. A. de Souza, A. Barr, Do L. Gordon 
and G. Halling IXWE wcxked 03 this projest as mirt of their two year 
postdcctoral training, Cusrently Dr. de Souza is attached to the 
research staff at tbc University of !.l&v:ali, Dr, A. Bcm is continuing his .. 
hictoiogic studies in the Depertment of Anatomy, McGil i  University, 
under Dr. Clerniont. Dr. Gordon i*ms tippainted full-time Instructor in 
Medicine at the UiUVewity of Washington and I s  on' leave-of-absence 
while servinc; his two yecr obligation In the Afr Force, Flnally, R, 
Halllng is cozipletlrig his two year tmining pcrlod this June. 

D. Biblioqraphy 

€KO-1781-1 Gordon, D. L., Moofee D, J., Xiorslund, T. and 
Paulseno C, A,: The Deteminaticn of Size and Concentration 
of Humncn S p s m  wit% en ElecProrric Pertide Coui~ter. J. Lab. 
Clin. Mod. s:S06, 196.5. 

RL9-1781-2 Gmdon, D. L o t  Earr, A, E., Herrigel, 1. E. nfid Paulsen, 
C ,  A.: Testicular Biopsy IA Mafi. 1. Effect Upon Sperm Concen- 
eckion. Fert. and S m .  3 5 2 2 ,  1965, 

RLO-1781-3 Pouieen, C ,  A,, Gocdcn, Do I.., Hcfling, G o ,  Barr, A.. 
and Gandy, H, Me: Effec2 of X-Irradiation of TesGs on Plasma 
Tcstosterons in Nom01 Kale Voluzlfecrc (abscact). To be prc- 
ss&d ot Socond Intcrriational Cmgrcs s on I:o~;~oAz~~ Stzroids e 
Milan, Italy, they 23-28, 1966. 

E. Resent Status of Scientific E(ncnr4tedE 

Until we denonstratc-d the oxtrcm sensitivity of the human 
testis to ionizing ?mdiethn, there wzs llttle appreciation of this 
matter ken; the nvaileble G A ~ ~ I I ~  dctn. Our findings relative to the 
mintzml dose, 1. e. ,. 7.5 .. 15r, tlzt rcstllts in dc,crcasod spennato- 
genesis aa2 the f?si: eat complete :ecovcry m y  not occu  when doses 
of 40Cr rzc- ern;;ic,ycd i>$.jf;aSc the n::sd ::or v!-p?.i-da::uxciLt:yI ---.. hurrizn dote!. 7 n f i 2 k 2  j d U W  
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For example, the MED in the mouse is in the range of 2Or; whlle in 
dogs, complete recovery of rpem,atogenesls has been reported to occur 
within one year after espoeure to 6 0 0 ~ .  Thus the animal data do not 
necessarily give us thz answers WE! need relative io the human being. 

Our studies with respect to the histologic ar.d honcmal changes 
afford us a unique oppmtunlty to lecm more of the physiologic mechan- 
isms involved in pituitary-gonadal function. Our present day conoepts 
lack precision and finality. Themfore, the impedance of our studies 
directed to this area is quite clear. Previously, we had to rely on 
steroid harmone admLr~lstratlon studies to investigate pltuiWry physi- 
ology. Ovcrlap in actton lad to uncertain results. The irradiation 
studies arc not hampered by tNB, since isolated seminiferous tubule 
damage is produced. 

One area we need to explore is the effect of landlotion on the 
epididymis, vas deferens and accessory gland functions . It may be 
that we are altering nutzient factors concerned with xualntalnlng 
"healthy" sperm during transport f m n  testis to She cjaculatory site. 
Our studies on motility, rnoephology, etc, , are a beginning in this 
dlrectfon. Biochemlca! and other besic studies may be .important to 
carry aut in the future. Aside fmm absen2 sendnni fluid fructose levols 
in total ducts1 block, there is almost nothing kncr;vn with respect to 
specific alterations ln the transp3fi "vehicle" ax! s~ecific defects in 
sperm morphology and $*ability. 

meager knowledge concernlng the ultrostructuro of hiic testls and its . 
functional aspects. Dr, Viler has studied the Sertoli cell quite exten- 
sively, but the genninnl epltheliiur, has been neglected. 

Our proposed electron mlcroscopY studies should enlarge our 

Finally, we need the basic *d&magen and "recovery" data BO 
that we may devise means for protection. This i E  cbviously impor tan t  
since the probability of gonadal h d i a t l o n  is incranslng with each 
decade. Aside from preventative mea3~ues, there is no knwn way 
to satisfactorily protect the gonad in a practical manner. 

F. Federal S u ~ m r t  - Ovemll Research Program 

Total federal support in addirion to funds supplied by this grant: 

NIH AM 05436-05 END: Fitai'-asy-GoMdal Snte~c?ltitlonshlp, $44,461, 
9/1/65 to 8/31/66 

NIH T1 PM 5161-08: Endocrinology and MetaboUsn Reproductive 
Physiology (Training Gient), $35,921, 7/1/66 to 
613 0167 

The amounts listed above represent support €or one year; continued 
support has h e n  recommended by the granting agency. 
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11. Seminal Fluid Analysis 

A. Adaptation of Coulter Counter for Detenninetian of Sperm 
Concentmtion 

The most readily svailable means for ssr?.aly evaluatlng tes- 
ticular function is seminal fluid analysis. In th is  e,xamination, the 
psrztrneters most commonly analyzed are spem cor,centration, volume, 
morphology, End motility. Conventionally, the measurement of sperm 
concentration has been performed by the hemocytometer method. 
However, a number of limitations lnherent in  this procedure have been 
demonstrated. (1) (2) These incluck unequal distribution of particles 
in the counting chmber and variability in the counting and identifl- 
ration of spenn by the examiner. In our labmtory, 200 pgired sperm 
counts performed by two technlclarrs using tho hemocytometer method 
resulted in  8 deviation of greater than i lOycr  cent of the meun in 20 per 
cent of the specimens. This largc variance hnS also been noted when 
the hemocytorrreter method W R S  used for counting red blood cells. (3) 
Also, with the large number of seminal fluid specimens that were to be 
exnmined, the problem of technician fatigue was of considerable 
importance. 

. 

Pn electronic counter hes been used satisfnctorlly in counting 
red and white blood cells and p!r.telets. (2)(4)(5)(G) Segal and 
Laurence (7) adapted this instrument s6 th6t human sperm cell volume 
and concentration could be determined Unfoitunately, there was 
a wide range of error between tho results fhcy obtsined for hemocy- 
tometer and electronic counting. Emever, Glover ar.d Phipgs (8) 
reported a better correlation in their preliminary studics with bull sperm. 
Since the electronic counter would improve tho evaluation of large num- 
bers of seminal fluid samples by vlrtuo of its rapfdity, we investigated 
the accuracy of this counter for the determination of sperm concentration 
in both nonnnl and ollgospennlc seminal fluids. 

Materials and Methodl 

Seminal iluid specimens, collected into clean medicine glasses, 
were obtained from inniate volunteers at the Washington State Peni- 
tentiary. Following measurement of volume and estimation of motility, 
the seminal fluid samples were transferred to shel l  vials, frozen, and 
shipped to our laboratory in insulated containers. 

Xn all, 417 seminal fluid specimens were compared by both the 
electronic and hemocytometer counting nethods . The initlal study 
consisted of 223 specimens (see reprint in enclosure section), most 
of which were in the normdl range. The second study compared 194 
specimens with concentrations below 10 million sperm per ml, In 
both studies the bvo procedures were performed independently by 
separate technicians . 

Prior to electronic counting, the seminal fluid was thawed, 
thoroughly mixed, and 0.1 ml was diluted (1: lOOO) with 100 ml of 
a mixture of 10 ml of 1 per cent saponin !n isotonic scline, 85 ml of 
isotonic saline; and 5 ml of glacial acetic acld, Counts were performed 
60 *lS minutes after dilutfon. If the sperni concentration was less than 
10 million per mllUliter, the count was redetermined with a 1:SOO 
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dilution; if between 175 and 350 inilltodml, the dilutlon was in- 
creased to 1:2000, and if the concentmEon was greatcr than 350 
milllozS/ml, a 1:4000 dilution was utilized. 

The electronic counter used V J ~ S  a Madel E) Coultet Counter with 
a 5Op aperture tube, The countat was czlibrated with particles of a 
known volumo, i e., ragweed poifon with a mealz corpus B ular volume 
(MCV) of 3 , 0 8 4 ~ ~  and human rad blood cells MCX of 86p The 

' 

settings for the aperture current, amplification, and hternal gain trim 
were kept constant at l/2, 1 and 6 5 ,  respectively. With the use of 
a SOX mercury manoneter, 0.05 rd of diluted senifnal auld was caused 
to pass horn the sample beaker through the Sop orifice into the aperture 
tube. The presence of an electrode in both the dllutcd sample nnd the 
aperture tube creates G constricted electric current path at  the orlflce. 
Particles such as sperm that pass through the otifice have less conduc- 
tivlty than the electrdlytlc diluent: this cause; ac Increased reslstance 
in the circuit and on increase in voltege that i s  in direct proportion to 
the volume of the particle. The voltsge pulses pmduced are amplified 
and registered on the decade counter. (3) 

3 

A particle size distribution plotter was adjusted to the Model B 
counter. This plotter progresses through 25 cycles or HwindoWs" and 
measures the concentratdorr of particles of progressively increasing she, 
Thus, the sperm popuktion of 45 seminal fluid specimen was distinguished 
from another population of smaller gartides representing debris, The 
"trough' beWeen the debris and spenn populations was localized and 
conaidered to  be the lower size bosder of tho ~ jx i l l \  populotfon (Figure 11, 
The upper border vies determined by finding the point ut wNch the sperm 
population most clearly matched the mtro~ghn In' helght. On the plotter 
graph, these points OCCUT at a window number; each windm represents 
4 threshold divisions on the Model B counter. Therefore, once the 
borders of the sperm populetton were delineated by tire 5lotter graph, 
these points could be transposed to the cow.ter and all particles within 
this size range could be counted. 

After dlsconnecthg ti= plotter, G maan of f!ve counts W8S obtained. 
A coincidence factor wcs added to comct fer th3 s!nu:tcneous passage 
of 2 or mare ?articles through the apofiue that would be registered as 

proportional to the concentration 01 particles k i n g  counted, (2)(9 '3 a single particle. Tnk frequency with which this occurs is direct1 

To correct for pertfcle contsinirxitfon of the reagents and glassware, a 
solution of dfluent without seml;i&l fluid was coyunted ffvc times at the mrne 
thteshold settings as the sample. The mean result, which represents 
background, was subtraated from the coincidencc-corrected count, Then 
the dilution factors were taken into nccauizt to obtain the final concen- 
tration of sperm per milliliter (Table I). 

The hemocytometer count was performed initially using a standerd 
red blood cell pipette (1:200 dilution). Spexm counts under 20 million 
per milliliter were recounted'uslng a whlte b i d  cell pipette (1:20 
dllutlon). The same diluent and t i m e  factor a i m  dilution were used 
for both methods of counting. Only intact sperm, heads With attached - 
middle pieces or middle pieces with attached tells were counted, since 
the ~Ufferenttatlon of the isolated rcpenn head kom debris was considered 
to  be too variable'.' Each sperm oboewest in two largo diagonally-situated 
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squares of a Neubauer chambsr, representing 0.1 cubic mlllfmeter 
each, is equivalent to 1 milliori sperm/r;l of seminal fluid for 8 
1:ZOO dilution co 100,000 spcrdml  of seminal nuid for a 1:20 dilution. 
Two to four hemocytometer counts were determined and the mean W I C  
accepted as the hemocytometer count, erjressed in millions of sperm 
per milliliter of seminal fluid. 

The reproducibility of the !iemoc=ytometex and electronic methods 
was compared by counting two seminal rluid specimens eight times by 
each method. Fresh dilutions were prepared for each determfnation. 
The results were then analyzed for variance and validity. 

Results 
_I- 

3 .. 
The values obtained by cal:brating the electronlo counter wit 

red bloocl q:ells end rsgweed pollen wcre In close agreement; 0.38~ 
and o I as**' per'ttmshold divhioii, respectively; therefore, 3 each 
threshold tiivision measured a particle volume of 0 . 4 ~  . 

The size range of sperm present in 100 seminal fluid specimens 
is deplcted in Table IS. The mean values for the lower and upper borders 
of the population were 24 (range 16-40) and 56 (range 40-681, respectively, 
The e threshold settings represented ci mean population range from 10 to 
22pg3 since each threshold divisian mcascreg 8 pnrticle volume of 
0 . 4 ~  . Tire mocle of t h i o  population was 1 5 ; ~  ond remained constant 
with wrying spcm concentzatlons 

The sperm concentratfon for the first 223 senlnal fluid specimens 
In thfs study ranged from 1 - 4  to 471 million per milliliter. The values 
obtained by tho two methods are plotted cgninst each other in  Figure 2 
and are analyzed for veriance in Table X I I .  The calculeted slope is 
0,99843 with a comlntion coefflcient of 0.99921. 

For the one hundred and ninot -four specimens with sperm con- 
centrations of less than 10 millio n 7  ml of semhal fluid, the values fol 
the two methods of deternhhg sperm counts ar'c compared in Table fv. 
For sperm courhs of loss thm 1.1 mIl?,ion/m~, the correlation between 
the two procedures is less precfse. Seventeer: sperm counts between 
1 1 and 1 0  mill ion/ml of seminal fluid by the hemocytometer method 
were undeterminable by the electrurric method because the debrls could 
not be dlstjngulshed from the sperm population. Forty-scvon seminal 
fluid specimens contained sperm concentrations between 1.1 and LO 
m i l l i o d m l  of seminal fluid as determined by both tecl~niques. These 
counts are plotted against each other in Figuse 3. The calculated slope 
is 0.99843 and the correlation coefficient is 0.93269, An analysis of 
variance is deplcted in  Table V. 

Two seminal fluid specimens were counted 8 t imes  by both 
procedures to detcmine the variability of each procedure. While there 
was no statistlc.aLl.y significant difference in counting the spociman with 
a low spenn concentration, this was not true of the specimen with a 
medium sperm concentration. The variance for the nemocytometer and 
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Electronic count (rnillion/mI) 

FIGURE 3 

Comparison of 47 Sperm Counts Between 1.1 and 10 Million 
Determined by the Hemocytometer and Electronic Methods 

TABLE V 

Analysis of Variance for Slope Plotted in Figure 3 
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electronic methods was 52 . 19 and 2 . 203, respectively, the electronic 
procedure being significantly less variable (Table VI). 

Ms cus si on 

The electronic method for the determination of sperm concen- 
tration hcs been compared with tho established hemocytometer method, 
and it has been shmn that simflar estimates could.@ obtained by 
each tecimlque. For tho first 223 paired seminal fluid specimens the 
comparison gave a slope of 0.99843 and a correlation coefficient of 
0.99921, which did not significantly differ from 1 .0  (t = -0.203), 
nor did the intercept vary from zero [t = 0.418). Slmllarly, in the 
comparison of the 47 specimens that had hemacytometer and electronic 
counts &tween 1.1 and 1.0 million s p e d m l  of seminal fluid the slope 

. did not signi8antly differ from 1 0 (t = -0 . 203) and the Intercept did 
not vary from zero (t = -0,100). Because of this high degrse of carre- 
lation the two procedures are consldered to be interchangeable. 

Other investigators had been relatively unsuccessful in correlating * 

the elecmrric and hemocytometer counts (7)(8) (1 0) . The closer degree 
of comelatian in this study appears to be due to two modifications in 
the electronic procedure: (a) the use of an improved diluent, and (b) 
the use of variable threshold settings to cm9spond to variations in 
individual sperm populations. 

In addition to spermatozoa, raw seminal fluid contains varying 
amounts of crystalline matter, white and red blood cells degenerating 
epithelial cells, and other debris. All parttcles that pass through the 
50 micron orifice ere registered on the electronic counter; therefate, 
a good dfluent should remove debris without altering the sperm. 

-The combination of glacial acetlc acid, 1 pot  cent saponin and 
isotonic saline in a 5:10:85 ml ratio e€fectively lyses nost’ red cells 
within 15 mfnutes and aost  white cells and other debris within 45 
minutes. The saponin also acts as a declunping agent. Therefore , 
at 60 f 1s minutes only a small amount of debris remains in relatlon 
to tho large numbers of openn. A population of partiales is thus ob- 
tained on the plotter gaph that is dfstlnct bj its size distribution 
pattern, and these particles are counted as the sparm population. 

I3 one reduces the number of sperm present in a given sample, it 
becorrios krcler Po clis?inguish these particles from the remaining debris, 
At sperm cmcentrotlons below 1 , l  m i l l i o d m l  of seminal fluid, and in 
specimens tvldch contain an unus?Lally large mount of debris, sperm 
popu’tntlohs are not delinebtod. Therefore, when the ratio of debris to 
sperm makes 8 coneiotent plotter graph unobtaimble, or when the 
cowt  is  below 1.1 million sperm per ml, the count should be re- 
estimated by tho hemocytometer method. 

fn analyzing specimens of high spnn concentration it is important 
not to exceed the capscity of the Coulter counter. If more than 8,500 
particles are counted in a detennirrcrtion an appropriate dilutioa must 
be made. 

The electrorrfc counter does not replace the microscope for 
motility or rnoqhlogy stuc!ies, but it  has been sliown to be most 
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Vnrinnro ( S z )  52.19 2.903 < 0.001 
- .. ~ 

*EIEIIK datrrn~tnnrions bv each vrocedure. 

I . .  

.. . . . 
. . . . -  . . *. . .. 
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valuable as R fast and reliable xe&s af processing k g c  numbers of 
seminal fluid speclmns. Finally, the grmter accuracy of this methcd, 
8 s  judged by its reprducibitlty, has led us to use the Coulter counter 
exclusively for the studies as outlined In this pr~ject. 

expsdmefital design should i!rcl\lde adacpmte controls SO that 
. results may be as precise and specific as 15 possible. Since m e  of 

me pnrametets of o*s investigations ~ 3 s  hlstaloglc chenges in spermato- 
genesis which necessimtsd FdorminC: serial tW.iCdar biopsies, we 
re-evalugtsd 0- coacepts with respest to the E f f e c t  this procedure had 

S P C ~ ~  p:&,.~ca~n, Other workers had reported that a testlculeu blopsy 
produced gem,Lnal epltholfal damage in the bdl (31) (12) (13) Usually 
this result& in J temporary spcm count depression, (1'1)(14) 

Our initis1 study of semiml f M C  chang& following the control 
bilateral testicular biaps y revealed t!v?t nine of twenty (45%) research 
subjects demonsfrated a siqniflznnt d r ~ p  in spom count (p = <O OS) a (14a) 
Since 19 af tho 20 biapsies werc bt!e.torui, w e  needed to enlarge ow 
observations to include an evaluo2ioa i12 the effects of unllateral tes- 
ticular biopsy, Two other factors thst rniGht influeme the sperm count 

. also needed evaluationo These lncludsd the possible effects of a 
psychologic reacttor. to the biopsy anc: tkinial chrr~es due to the 
scrotel suspenso-ry wlllch is worn foiltwfng the biopsy, 

In an attempt to con+ml tliese variables, orrch iixnate passes 
through faur periods of time pilar to frabiation and following the 
initial con+mi period, bring tfia tnW..al ccntrol Eriod a minimun of 
twelve semfmf fluid spechens fs examined, Then :he lr?mats volunteer 
enters the four "psrlcds of t h e '  In midom fashion with respect to 
chronology. The periods of t!.me labc!ed as follows: 1) unilateral 
testicular bicpsy, 2) uailoteml ~harr. biopsy, 3) wetdng a suspensory 
for ttm week3 and 4) a no procedure pzriocL During each period, wNch 
lasts 84 days, seminal fluid specfmcs arb cclectad for e-yamination 
weekly or every othar week. The sprrm count data for each period are 
subdivided into four intcrt'nls 01 twenty-am deys . Then the Mann- 
Whitney statistical technique i s  used to compare the data obtained 
duriag these subdivisions with the S ~ G X T E  count data obtained during 
the originel control period, In this faslllon we shall be able to define 
more clearly V J ~ W  constitutes a signifkant altenrion in sperm count 
follavlng inadistion, Also8 lt ~ ~ 1 1 1  afkrd us dato to more clearly 
understcnd the observed reduccon in  n p n n  ccunt foilawing testicular 
biOpSya 

OW stidles h3V2 nSt kel:  CQEpiZted 83 >'&t# but to date 8 Sig- 
n l f l an t  redueJon in sperm count hes .ken noted following unilateral 
testicular biopsy. When such a decrease oCCW80 it does so durfng 
the same suUlvislon pi-evlously ncted for bilateral testicular biopsy 
(see reprht in enclosure section of this repart). 

C.  Effect of X - m r  Irradiation on &em C O G K ~ ~  

Table VSI tabuiates the tine required for the frtadiatlon testlcular 
damage to be reflected in the scnlna! fldda '2he actual lnftial dtop 
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in spenr. count lies sorimwhere between the last normal count tad  
the f*st persistent law count observed. The mean number of days 
in tNE table, where cornpletsd, may be summarized as IO~~OWS: 

X-Ray Non;s.al Psrs!sCent Belaw - Below to Over Control 
Last First First Count No, Days First Return Re-turn to 

Dose Count Lcav Count ,I Million 1 Million 1 Million Levels 
400r 32 45  70 
1 OOr 35 40 95 
50r 61 7 1  141 166 307 
3 Or 53 63 150 101 223 
15r 101 124 none none 272 

7 .sr 110 consfstent reduction 

me dlsy which the first persistent !oti~ corxnt was observed was 
fairly unifarm with the exception of ?ho 15 and 7 5r doses whem azo- 
or severe oli:,-ospemla was not ~chievec?. The time required for sperm 
production to drop b l c r , v  one milliar, per ml Eppcars to demonstrate an 
inverse dose-rsspanse relationship. This snould prove to be a useful 
Srcneter Cor assessing 2he mamltudc .of radiation &xposure to the testes. 

The d~;te with r ~ t p s c t  to recovo~  of sperm pr~aucti~n a b  incomplete 
at ma tfme. 

III. Mteretioas in SFermktcyStnesis Followins X-ray Xrradtatlon - A 

' . 

.*. . #  . .  

* .  

Qgnntttative Histolaalc Study 

Prior to imaciiatlon coiatro! obsoxvnPlons were nede on each subject. 
These lncludsxl sminal f lud exaninatlions urlnary gonadotrophin assays' 
and a bilaternl testicular biopsy. Since the biopsy procedure, per se, 
can nffect spematogeriesis, x-ray was not admfnistered untll we could 
determine by a m i d m u 9  of three consecutive spem counts that the 
post-biopsy per id  w8s comparable to the pre-biopsy control period. 

dose of NOr (95 rads) to hcth testes, The subject wus positfoned in 
the supine attitude with fie pec1.s a p e d  to the lower abdominal wall, 
The logs rvcre slfthtly s32eaA ncd a plastic-contained bolus of sugar 
supported the testes. R 10 :c 10 cn cone was used and the F. S. D. was 
75 cm. 
hcludcd 8 smell px?Aon of the upper thfgh~.  The kp dlumeter of the 
testes was measured. wtd.ch served as the hs i s  far the calculations 
of mid-organ exposum , 

six subjects Each s-?.\bfect represented e afferent tfme interval following 
x-ray exposure. Xr- this fashion the htervals of 9, LS, 24, 27, 33 and 
49 days past-fmdia?ion ware studied, Testlculur biopsy specimens 
obtslned from 9 subj<:ctS served as ozx control frame of reference, Each 
biopsy 63)echncn WES obtairred under I.ocal anesthesia with dernerol, 
strophe and r;ocohrbital premedication. After pr~~urernent, the speci- 
mens were imrr.ed.iate'ry lmmorsec! in fmshly-prepared Clelund' 8 or 
Zenker-famol ibmtive, The paraplast-embedded speclmenc were sec- 
tioned at 5 nicrz axzd stained with iron hematoxylin, hematoxylin and 
eosin4 or by t h ~  hematoxylin-periodic Ecid-ScNff tochdque. 

k 250 KV 6. E. Maxinror machine was used to delfver a mid-organ 

The x-my Z O Q ~ W V J ~ X ~  colllmrrted toward the tctsteo but also 

Poot-ln.ttd:a?ion testicular bicpsy specimens were obtelned from 

. 

9 
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Fo: amlysis tho various types of gerniinsl cella were idsntified 
by the crlterfrr of Clermont uslng the following abhetdatfons: Ad, Ap 
and B are &dark, &pale and B spermatogonia, respecuvely; R, L, 
and P are resting or pmleptotcne, leptatene, zlgotone and pachytene 
primary spermatocy2es8 respectively; wMle D II refers to diakineses, 
reductional divlsions a d  secondary spermatocytes The Sp8r~natSds 
were labeled Sa through Sd2 in oder  of r n ~ f \ ~ t l o n ,  For unifomity all 
qumtitatlve studies were based on Cleland-fixed m&terial 

The counting procedure followed the s m o  pattern for all material. 
A law-power photomlcrogmph was made of bn en*lire representetive 
section end all circular (oransveroe) tubules were numbered fw identlfi- 
ca2ion. All cells In ten of these tubules were cou-rltod for each speclrnen 
by each of two observers, To compere the observers, identfcal tubules 
0s well as different sets of tubules were counted. TMs wag done t o  
determine if the two observers agreed in clnss~ficnticm w.d to determine 
if different sets of ten tubules gave reproducible results, The Sartoli 
cells were counted only if a nucleolus was Cleoily visible, All  other 
cell types which could reasonably be identified, even though only a 
piece of the nucleus could be seen, were scored. Soice closelyctelated 
cell tmes were combined for ease and tmifomity of classiffcation, For 
example, I,-2, Sa-Sb, and Sc-Sd were scored togethar. In addition to 
the uscorlnga a11 Sections w ~ r e  Cani!fUl:y sciczned to ascertein whether 
the quantlatlve data on ten tubu!es was consls~snt with gross changes. 

. .  

The appm,ximate life spen of each germ-cel! type, as constructed 
from the data of Heller and Clonnont (15) vtos utilized in calculating 
h c k  to thc most likely target cell precumors for any cell found missing 
or reduced in nunbers at the ~rtrnts time intends  following inadiation. 
Briefly, according to Clermont (16) the norrr.61 germintl eplthellum is 
maintained by a stem-cell line of A-dark spermatogonia . This-cell 
toplicates itself every 16 days at Stage V of the genniml eplthellal 
cycle, At Stace V of the following cycle hlP of these daughter A-dark 
cells presumably divide to form A-pale spermatogonia, while the other 
half replenish the besic stem-cell line. Each of the A-pale cells, so 
formed, divides one cycle later {again in StEgo V) to fuzm two B spennato- 
gonia. Although each A-pale spennatogan?urn is capable of giving rise 
to two B-type spermatogonia, their numbers to not sppeet rn be propor- 
tionately greater since the life span of the EI spermatogonium is only circa 
9 days. It divides during S*ge II to prduce the prsleptotene primary 
spenatocyte m), The t ime required for the ;jrimary spermatocytes to 
prodress thiough the meiotic prophase end maturation divisions and . 
emerge as the Sa spermatid in Stage f Is 24-25 days. Then 24 day0 
after the first appearance of the newly-formed spennetld it is released 
as a mature spermatozoon into the luinen end rapldly transported through 
the ductal system, Thus the approxhate time required for spermato- 
genesis, exclusive of transport, is 74 days. 

The first analysis of *he control ceil ,population compared the two 
observers' data, A8 seen in Table Vm, observers AB and DM counted 
the same total cell population for the Given sets of tubules, Internal 
differences varied wlth the particular cell type, For example, there 
was less preclse agroement in distinguishing between A-pale and B 
spermatogonia than in  classifylng the more primitive A-dark trpe. 3 0 9 2 ~ 5 0  
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Slmilaity is meiogc prophase, leptotene p i m s r y  spermetmytes wcre 
found to proceed too imperceptibly into *..e short zygotene stage to 
make a reliable distination, and these two typos were combined into 
one group m;). The meiotic metaphase glntcs and the secondary 
spermetocytes were combined (D n) because they both ocow SO 
lnfrequently and are usually seen togetkir, It is not possible, without 
the aid of special acrosomal system stains, to consistently distinguish 
betvieen the Typo Sa spermatlds in Stage IS End the early Type Sb 
spermatids in Stage m; the differences between Types Sc and Sd spenna- 
ads  are also frequently subtle. By grouping the spermatid series into 
two groups (Sab and Scd) the vatlation between obsanrers was minimized 
to tlae extent that all control observations could be validly combined, 

The mean number of cells counted per 10 tubules, the life span 
of each cell type or group, and the trrdivlduol coefficients of wrlation 
for tho control popuhtion are shown in lbble E. In general, the CV 
was less than 30%, which, while high, permlts e saOlsfactory bash 
for qumtltatlon. As would be expected from the short life spans ln- 
volved, the preleptotenc Qt), the metaphase and secondary spemato- 
cytes (0 II) are infrequent and highly varlable. The CV fax these 
groups indicates that any type of statlstlcal validity would pmbnbly 
require analysts of mare tubcles than are uscally available per specimen. 
3 was not necessary, however, to rely on theae cells to pinpoint the 
initla1 site of damage since the t h e  intenrels chosen following lrradl- 
ation vrould reflect changes in the less varlable cell types, 

Aside from certain changes in the numbers of gam cells, there 
was no reduction ln Sertoli cells nor WGS there an), alteration In the 
basement membrane or 'tunica propria. Ft~rthemore, thore was no 
damage to the rich network of capillaries and small vessels, 

The cell .counts per 10 tubules for the various time intomls  
following lOOr are shown in Table X wlth the cornpailson to the control 
mean cell counts, 

Xn the spermato\~onial oerieo, no decrease in cell population 
w8s noted for the more primitive A-dark spennatqonia 8t the 9 #  15, 
or 27-day intenrals, but definite reductloas were seen at 24, 33 and 
49 days, The A-pale cells were reduced, but to'a lesser degree, at 
the 9, 27, and 49-day intervals. No significant change was noted 
at  '15, 24, or 33 days, The B spermatogonia were decreased at all 
t i m e  Lntenrals, most markedly at 9 days. 

A few preleptotene spermatocytes m) could be found in all 
specimens except at the 9-&y fnteml, While none were "scored. 
for the 49-day period, a sari of the entlre section revealed an oc- 
casional R cell; this was nut so for the 9-day specimen. 

Leptotene-zygotene prlmery spermatocytes were. present at each 
intewal, but in greatly reduced numbers except at the 2 4 - b ~  period, 
where only a moderate decrease was seon. ft  night be noted that the 
ancestors of the L-2 cells, 24 days previously, were A-pale spermato- - 
gonia. 

30021052 
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The first sWlrin;l decrease in the pachytene population was 
detected at 24 days and this decrease became more pronounced with 
succeeding lapses of time, 

A few cells in reductional divMons, including occasional secondary 
spcmntocytes (D 11) were seen in every case. 

Changes ffr spermatid numbers were evident at 4s deys for both 
6ab aod Scd groups. TMs does net reflect prior damage to spematogonfa 
since those spcme'cids were RP the LZ cz early pezhytene stage of meiosis 
at the tim of irradiation. Since this subject also I ~ a d  a testlculm biopsy 
four hours Pollowing imcbtiont we believe that this way have produced 
the oorly reduction in spermatids Nowt?ver, by 49 days, tha Sab spema- 
tids wese nesiiy doplcfad and the .;nom mature Scd spermatids were 
keginning to shov.' a decrease. 

In evaluating the changes in cell counts followinc irradiation, 
the life span of each cell croup as well &E the ancestral precursor of 
that cell tyse at the tine of exposwe must bcr kept in mind. 

Therotox om prelhlnary data poht to the fact that tho B spennato- 
gonia were directly and severely damaged. This conclusion is bused on 
several obse .~~t ions .  The &astic reduction in those cells and In the 
prc-leptatone through zygotene spennatocjltes ot the 3-day Interval covers 
the possible progression of all vhble B spenr.atqrJonia tbsough thls time 
intr"rv8l. This is confirmed by the subsequent decrease in pe.chytena 
spermatocytes 8 which first besatne rnarXed at 24 days an3 approached 
extinction by -!9 deys, Thus the span from the earliest B spsrmatogonla 
a; tls t h e  oE exposwe to the tcrdnatbn of the pachytene stage clf 
matmation is covered. 

While the life span of LIe B spcrniotcgonia is only 8-9 days, that 
of the A-pale cells is ahact 16 days, Therefee,, the docreaae in numbers ' 

of 0 cells at 9 and Is days, and the decreaee in I,!& spenr,atocytes at 
15 clays, reflect6 the direct damace sustainec', by the A-pale spermttogania. 
The presence of Bs R. and L5 at both 1 5  and 24 days suggcsts that the 
damage to these A-pcle cells was not as extensive 8s thet sustained by 
the B spermaPwonb. The reduction in pachytene spermatocytes at 27 
days also rdects pflmnsy damge to A-pale spermetcqonio as well as 
to the B sjxmntogonla, 

Considering that more t b n  one generation of A-dzrk spematogonia 
exists, it t s  more d2fficult to evaluate prlnary imdintion clamage to 
these cells, However, since the mitotic peaks for both A-pale and A-dark 
spennatogoda ocas d w h g  Stage V of the cycle, it may be presumed thst 
the k-dark generations adhere to the rli~ythic 16 f 1-&y cycle. Assuming 
this to be the ~ 6 9 0 ,  the initial de3letlosl in &pale spermatogonln at 9 
dGys proAb1y reflects target damage zo the A-clark spermatogonia, whilo 
the restoration in numkrs of A-pale at 15 days would suggest repopulation 
by the less damaged gsfieration of A-dork cells irnmedlately precedlng it. 
In any event, the lack t?f a uniformly sevefc re2ucZon in A-pale apemato- 
gonia in view of a sustained and marked reduaon In more mature cell 
types suggests that much of the damage to the A-dark spermatogonia is 
reflected by delcyed cell death. This would account for the virtual 
dcplction of p*?nary spermatocytes by the 49th day. The lcng delay of. 
24 to 33 dags b c h c  mrkec! rcductlor? in A-dark sperr,;atxoFAn, them- 
S C ~ J S S ,  C C X L I  a k a  be explnincd by  ME ?3eiiarnenon, > p r ! r : !  - -  J J b i C b 3  
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In sunimary, these data suggest that lOOr of x-ray produces 
severe and immediate darnage to types B and A-pale sper~natogonla~ 
TNs damage restilts in death,. either immediately or prior to cell 
division. In ccntrast, the manifestation of damnge to the A-dark 
cells is dela*pd; therefore one or mcxe divisions may occur before 
eventual death ensues. 

N. Evaluation of Pituitary Gonadotrophin and Plasma Testosterone Levels 

A. Urinary GonildatroPhln Tfters 

A reciprocal relationship occurs b8tWeen gonadal function and 
uarlnary gonrrdcrtrophtn levels. Thus when m a z y  testicular damage 
is produced, urlnary gonadotrophln titers become elevated. Thts increase 
i s  theoretically ~ r ~ g ~ f i o ~ l  to the degree ‘of gormdal damage., 

Measurement 01 sorial urinary gonkdotrophin titers before and 
following imdiatbn were performed: 1) to determine radiation dose 
necessary to 2roduce e:cvated gonad~-oiMns, 2) to detennine the time 
lapse followinc irradiation for gonadotrophin elevation to occur, 3) to 
relate +ha degree oLI gonadotrophin elcvstlon to imdiation dosage, and 
4) to determine which gonsdotmphln(s) (FSH and/or ICSH) were respon- 
sible €or the elevation. 

Urine speclmons were collected during a trvolve hour overnight 
period (7:OO p a .  - 7:CO a.m.) for three or four ccnsputlve nights 
and pooled for eitaction. The urine was stored at 4 C&b”fme ship- 
ment in ice tc our khxabsy8 There it was ztorsd et 4 C until processed. 
The Kaolin-acetone e,utirsction method of Albert (17) was used In which 
the protein meterial with the gonadotrophin activity was adsorbed on 
kaolin at pB 4.5. Then elutlon with NZ3qOH was carried out and the 
eluaJe preci plated wirh acetone, The preaigitate WBS dried and stored 
at 4 C untll assayed. 

General gomdotrophia assays (GGA), wMch mcasure both FSH 
and ICSH ectiMty8 vere pezfmned by the warIan weight method  in 
lmmaturs female rtits (1 8). Xncreases in ovarian welght above unln- 
jectod control levels is gonadotrophin dose releted. The response of 
the unknown YJ&S conpnred to a two-dose response curve of a known 
standard. The relative potency was then determined by parallel line 
analysis (19). Pergonal-25 was used as our reference standard Until 
July, 1965. ThBteaftei, a menopausal gonadotrophin standard, UPM-18 
supplied by the NIH, he3 been used, AI1 data for GGA is expressed 
in’ terns o€ that otaxiurd fn mg-eq. UPM-1 per 24 hours. 

- 
measures prtrnarily FSH activity is now beLng used instead of the GGA 
sime our preiimiriry data inclicstc that urinary FCH levels are related 
more speclflcelly to changes in the germinal epithelium. The ptlnciple 
of this assay is to afiloodu ?he assay tnlmal with an ICSH preparation, 
in *&E CEiLie HCG, By tkds nicBn9, h plhteeucd Ovailcn weight response 
is obtained. Then wlielr a urine extraso or standgrd preparation con- 
tubing FSH is injesteZ elang with the HCG into the assay snlmal, a 
%teepa ovarian wzight dose response cume is obtained. Tho assay 
design was 3 + 2 and the FotonCY of the unknov~n computed by slope 

The HCG-augrantation assay of Steelman-Pohley (20) which 
. 
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ratio analysis (21) in terns of the Secatrd International Reference 
Standerd (I. U./24 hours) . 

ICSH activity was assayed by the ventral prostate mathod in 
hypophysectomized immature malt rats (22). The assay animals were 
not presebted with cortisone but received orange juice, bead, carrots 
and dried milk in additfan to P-m hbomtoty chow. The assay design 
was 2 + 1. Thc patency of the unkaawn was computed by parallel line 
analysis in ternis of the Second Internation81 Reference Standard 
(I, U,/24 hours). A l l  subjects had 8 minkmum of three pre-ifiadiatlan 
assays of GGI? titers or8 after April 19658 FSH titers. Three assays 
of ICSB titers were olso performed in those subjects studied by this 
parameter, Using the st~tistkal technique described by Finnoy, .the 
weighted mean and standard deviation was computed for all control 
ncsags exdudins those assays in subjects with a sperm count below 
60 mlllioldoc: a2 :he time of xrhe colleaon or for a two month  period 
following the control urine spsdmen collection period, Our normal 
p0pU18tlOri had tha followfng levels of udnary gonadotrophin hormones 
per 24 hours: 

GGA - mean 1.1 mg*Q. UPM-1/24 hours 
up*r limit - 2.3 mg-eq. UPM-l/24 hours 

FSH - mean 6.0 I, U./24 hours 

ICSH -mean 608 1. U./24 hours 

upper limit = 13.6 I. U./24 hours 

upper l imit  - 19.8 1. U./24 hours 

In view of the rather wide confidscce limits for these bioassays, 
the criteria for detamrinlng significant post-inadlation elemtion were 
88  foUm?s: 

1 . l m e r  95% confidence limit of any mot-irradlatton assay had 
to bc above 2 S. D. of the weighted mean for the control population 
(i. e. e uppor l imit  indicated in prevfous tabulation); 

2. lower 95% confidorrce limit of any post-inadlation assay 
had t o  be abvc  the 35% confidence limit of the fndividual's awn 
control level . 

Tho secmd criterion was necessary for those subjects who had 
sperm counts of lens than 60 million/cc during the pre-irndiation 
control period. Soxn, of these individuals had control gonadottophln 
titers which were abve  our n m a l  population' s cuntrol titers, 

Urinary ICSH cctifvity was measurud fn fourteen subjects who 
received 15 - 400r (rable XI). Due to the wide cocfidenco limits for . 
this assay, small changes in lCSH titers win not be detected. .Hmever, 
rio stzkkttcally sig-dflcnnt elevation in ICSI! lsvela was noted following 
exposure to x-ray in the doses indicated. 

Urinary e e t m j m  excretion titers were mc-nsured by the immature 
rat uterine wefglzt me3iod :23). Those titers failed to shwi any de crease 

; during the p o s t - i ~ ~ ~ l i ~ t i o ~  perkxi. 
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ZCSE TITEILS F O W I N G  IRRADLITXON 
I 

.. 
I 

3Zir;hes t Control 
P i t c r  (I.lJ./24 hrs.) 

--LI_ 2.0*+ 

18.64- 

9.2 
(4.3 - 19-61 - 

Radiation 
Volunteer 

Dosc 1 

16 15r 

Flighes t Po6 t- Irradiation 
T i t e r  (S.U./24 hra.) 

2.4*+ I 
5.1 

(3.5 - 7.4) 

11.92*+ I 21 I 30r 

23 4 C C r  

b *I (4.1 - 14.91 -- 
8.14 lo.& 

26 Q O O r  If- (3.8 - 17.3) - 

I 30 1 30r 

1 SOr I l7 

- 
1 3 _j lOOr 

I.!-.- iOOr 

5.7 5.7 
(2.7 - 12.0) (3.0 - 8.7) 1 

I I 
6.9 7 - 5  

( 3 . 3  - 14.5) (3.0 - 18.4) 
2.5 8.4 

(1.2 - 5.2) 

10.6 
(4.9 - 22.8 

---c 

(3.7 - 16.4 

I 
2.0- 11.43 

(-5.3 - 24.81 
I 1 t 
I 2 .o++ I 8.78 ' I  
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The uiimry XCSE and estrogen data correlate well with more 
direct measurenents of Loydipcell function, nnnely pit ame testos- 
terone levels, Fuxthsrmcxe, no subject developed clinical evidence 
of androgen deficiency, The results of plasma tsstosterone detsmlmtlons 
will be reported elsewhere in this report. Them was no indication, there- 
fore, that doses of x-ray up to 400r proGuce any significant alteration 
in Leydlg-cell homonogenesis. 

15 - 400r are presented in the following paragrziphs. !FWO volunteers 
received 7. Sr, but &heir data is not cmpletc at this time. 

400r Bable 233.): Nve subjects "ltere skldied at thts doSag8, All 
shmvd prompt drops in sperm count to czaosimniic levels by 75 days. 
Four inmates shwed significant elovGtion Zn GGA titers wfthfn 60 days 
while fhe fifth subject demonstmtecc! elevsted tltets between 46 to 103 
days following Irradiation. At *as high dose o€ x-my, the GGA elevation 
was more rapid and conslstent than at any of the !aver dosage levels. 
One inmate studied by assay of FS€l titers shaved the same response 
pattern as those in which GGA titers were measured, 

Data with respect to GGA and PSB titers Lrom ell subjects recelvfng 

lOOr (Table xnfl : Nine subjects received 1OOr; five were evaluated 
W i t h  G6A assays and four were svtrluuted W i t h  FSfI assays, h the P U P  
studied wlth QGA, fou- of *&e lnmatcs sholr.jod significant elevation in 
post-inadlation gomdotmphln levels. One vo'luntecr, RV 38 maintained 
normal GGA titers up to 345 days ev.m though WP spsm count dropped 
below control levels at the expected time . Furthemore , he became 
azoospennlc at 131 days, Uririe collections were reliable and he re- 
mniaed fn good general health, It may be that some gonado*ophln 
inhlbitirrg substance was present irr  lds utne to explain the lack of rlse 
in GGA tfters. No f-er studies have keen carried out to clarify this 
finding. In contrast to the ffnt3nc;s in rnen receiving rJOOr, the Ume 
lapse for GGA titers to imxease was quite vaihtlc. The increased 
titers wem noted dur?ng the first, second, third and h r t h  months, 
respectivoly, On the other hand, We spenn count dms was quite uniform 
at clrca 81 days. The mtiming* for the pdc ele-tion to appear was 
also variable and was not related to the onsrt of @le-vatton. 

' * '  

PSH assays worn casled out in four subjects. A rather consistent 
elevation In FSH titsrs was noted 60-9C days following irradiation. 
Th5 elevation in FSY levels cosrelutcd nore re!lslj!y with the time when 
the sperm count wa6 decreasing to ezoospam~c 1cvefs. 

SOr (Table XN). : GGIr titers were srteasurad serially In three sub- 
fects who received SOr. Ruo men showed fncreesed titers, m e  between 
78-108 days and one hebveon.67-89 days. Tho renaiaing subject did 
not s h w n  en increase by 365 days. All inen demonstrated the s8me 
pattern 01 spen count drop reactsing azoospennic levels by en average 
of 141 days. me increased gonado*apMn Zitsts in this small sample 
tesenibled the pattern observed at 100t. Hmvever, the sperm count 
drop In the 5Or group was significantly delaysd beyond that €or the lOOr 
QroUP. -. . 
. .  
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30r (?able W): fX3, titor:: were stucl?.cc! in two subjects and 
FSH titers were smdkcf ii! two subject; tvho received 39r. There was 
no significant rise fn GGA titers by 156 and 197 days whoreas FSH 
titers rose significantly htv;cen 81. am? ? 23 dr~ys . Each of tho Pout 
subjects devclopod azGospermia, A? this low x-ray dosec the FSH 
assay appears to be n rnm3 sensitive indicator of geimfnal cell damage. 

assaying GGA and two were studled by assaying FSH titers, In the GGA 
gro,~p, one man developed olsvated levels between 108-135 days, while 
the other subject hac! no elcvdtion at 135 days No further studies were 
possible in this subject. In the FSH p u p o  one subject demasbrated 
increased titers 69-81 days post-h3dlation while the ather subject 
showed no elevation by 246 days, Each of the four men b e c a m e  a g o -  
spermlc but did not develop azoospermia. 

15r (Table XVXk At this dose two subjects were studied by 

Conclusions t 

1, The elevation in GGA titers is due to an increase in the PSH 
moiety and is a reflection of the geminal-cell 6arnage produced by 
x-ray irradiation. 

2. ICSH titers remain normal, wMch is consistent with other 
data indicbting that Leyclig-cell function is not altotcd by the doses 
of x-ray vie employed. 

3, Specific uFSWa titers were more often elemted t b n  GGA at 
the lower-doses where geiminal epithelial destruction was less marked. 
Therefore, measuremect of FSH tltcrs appenrs to bc! E more sensftive 
lndlcator of spermatogenetic function then GGA levels 

B. Plasma Testosterone Levels 

Theso studies were carried out in collahratlon with Dr. H. 
Candy fr. the Depmtment of Obstetrics and Gynecology ut Cornell 
Medical School. A double isotope method was used for mensurlng 
plasma testosterone. 

Initially we explored the possibility of a diurnal variation in 
plasma testosterone levels. For this purpose plasma samples were 
drawn at 0600 end 2000 in five subjects. 17-hydroxystoroids were 
measured in the same specimens. In contrast to the reduction in 
pla2mrp C ~ ~ t @ O i d f 3  at 2000, there was no significant decrease in tes- 
tosterone levels in the evening. hdividual testosterone levels varied 
between 0.3  and 0.88 pg %. 

Next we evaluated day-to-day vsriattons in the same indfvidual. 
For ihis purpose, plasmr: specimens were drawn at 0900 for 6-7 Consecu- 
tive days in three subjects. The lowest and highest testosterone levels 
were 0 .6260.90 ,  0.62-40,86, and (3.3+3.52 kg % for eech of the 
three men so studied. 

Finally, plasma testosterone levels were studied tn ten men 
before and ut varying intervals follorwing exposure to 15, 30, 100 and 
400r. Although considerable mrlation in levels was nozed, there 
was no definite pattern to indicate a significant reduction in testes- 

-l *- . I terone production by the Leydig cells. J 1 ; 3 : s u J  
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Finally, plz;smr testosterone levels were studled in ti'n men 
before anb et varytag intermls following exposure ta 15, 30, 100 
and 4OOr, Although sonsiclcrable vaxialion in levels V J Z S  not%?, there 
was no definite paEern to lndicate a signtficent rcducfion in testosterone 
production by the teydig cells (See Table XVII below o ]  

TABLE XVII 
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V. Chromosomal Studies 

CII- in vitro lrradiatkm. (24)(25)  (26)(27) (28) Slmll8r changes have been 
reported after in vivo irradiation. (29)(30)(31) The purpose of our 
study was to er2lore the dose-responge relatianship of such damage 
followlng in vivo e ~ o s u e ,  Testicular tissue grown In short-term 
monolayer culture wss analyzed for chronrosomal changes before and 
at tour hours and fifteon doyn post-irradiation. One hundred r was 
selected DS the single dose far our preliminatJl investigation. As 
further control, chromosomal analyses of peripheral blood lymphocytes 
were ccrried out on specimens collected during. the control period and 
at 30 mimte, 4 hour and 15 day intervals follmring exposure to x-ray, 

Numemb reports have documented chromosonal damage following 

The blood was cultured by a modification of tire method of Moclre- 
head (32). Phytohemagglutinin-P was added to the hej~ulnfzed'blood, 
IWS rnixtum was allowed to stand in an ice bath for twenty-five 
minutes aftor whlch it was centrifuged.at 25 9 '6 for five minutes. 
Two to throe ml of the cell-rfoh plasma were added to a two ounce 

was incubted at 37 C va&r 5 X CO tenslon for 72 hours. Wmn.the 
cells were 'harvested, cblcernid ( 0 5  )rg/ml) was added to the culture 
for four ~CKUS, The cells were placed into a hypotonic solutf~n for 
fifteen minutes and then fixed in acetic acid-msthtknol (1:s) f a  thirty 
minutelse After fiwtion the cells were suspended tn the fkatlve and 
tripped onto a cold wet slide, allowed to blr dry, then stained with 
tetrachrome , 

medicine bottle contaidng TC 199, penicillin 100 unitdnsl) strepto- 
mycin [LOO udts/ml&and mycostatin (30 unlts thon the mated81 

Testicular tfssue was cultured by the method of Stehbesger and 
Steirhrger, 8s described by Paulsen (33). Using Mstachemlcal  tech- 
niques wMch idengfied 3-p-01 dehydrogenase, the Steinfwrgers demon- 
stmted that the majority of cells ~nrwn from testfoulat tissue in mono= 
layer cuhre  were ~eyciig cells rather than germinal cells .(34 

For culture, the tiss;ue was minced in Hank's Balanoed Salt 
.Solution, plocod in 0.25% trypsin for fifteen minutes at 31OC. A 
suspension of one million cells per rnl was made in the nutrient n?e&, 
whfch contained TC 199, 20% feta2 calf s e m  and mtibiotios (penloillin 
100 unitdm1 and streptomycin 100 pg/ml)* The cell suopension was 
plated onto petrl dishes and incubated at 3loC far a period of 10-14 
days. Tho culture was then harvested in the same fashion as the 
lymphocyte cultures. 

Each slide was scanned for the purpose of locating 2s suitable 

analyzed. The criteria of Court-Brown and associates (35 Yd for and catsgor- 
metaphase plates. These were then photwraphed, karyot 

izing bdfatlon-lnducod abnormalities w86 used ln the analysis, In 
this method "&e number of cells with damaged chromosomes are counted, 
not the total number of abno-malith, They classified the chromosomal 
damage into three groups, A, 8 and C. 

Group A cells relate to the mobUty, The normal modal number 
of 46 chrmino;ornes per cell serves as the rcfehnce point, Abnormalities, 
then, am shifts from noma1 modality. 
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Gmup B cells include breaks, gcps and isochmnctld qaps, ell 
of which 8re c b m e t l d  abnmialities (Fij~lrc- 4). These chsnges are 
usually adfacts caused by tissue culture. 

Group C abnormalities are c ~ m o 5 o m E ~  in chaiaĉ Ler end fall hta 
three types: 

1) C-1 represents aceatrtc ~ W V T A E ~ ~ S ,  &centsics and dngs 
(Flgure 4). These abnoma~Oies are unstable because the involved 
chromosomes are meble to replicate 'thornselves due to the lack of a 
centromere or due to multiple centromeres 
represents one hit, the x-ray penetmttng bo31 amt which cauges them 
to break away hpm the chromosome. Dicentrics re2resest hvo hits on 
different chmmosomes, allowing a rcriirangemcnt of ckonetln material 
and the additlpn of a second centromere., 

and inversions .. These are stable abnormell̂ Lies capc3le of cm-lnuing 
through chromosomal repUcation. 

The acmtric fra(pnent 

2) C-2 cells include 8bnomml:tles such es tmrrs~ccations; delctfons 

3) C-3 ~ ~ 1 1 s  ere also stable cells and ere due to multiple breaks, 
deletions and translocations. They are normal fn modalty but display 
an abnonnal kuryOtypO. Far QXBmpfe, one may krsvc a trisomy in the 
No. 16 pair associated wlth o missing chrornosom ln the ;?ob 6-12 
pa-. 

From two control blood cultures 43 m.ztaphsse i ~ l 6 i t b S  weit? hl'p* 
typed. Six blood cultures obtafned from t h ~  post-irrsditted samples 
grew out 87 suitable metaphase plates for karyotyping. h e  *&ita ob- 
tained from tliese karyatypes am tabulated In TsWe ,Wm. 

or chromosmor abnormalities occurreci IR peripheml blood lymphocytes 
follmlng irradiation PO the testis. This was a:pected and rules out 
technical dlfficultles in our study. 

auitalle cells for E;sryortyping. FiOm t h e  ?oS-!n-iw:ia2ion biopsy . 
specimens the c u k ~ c  n:etorial prcducet 90 cells sult3ISe for com~rilscn. 
These data ar;3 found in Table IMX. 

The o d y  significant increcse in chmmoaml abnormality was of 
the GI, Cs 2nd C3 types clp = <O.OL), The ena?,yrsas arc listed in Table )(x. 

These preliminary stuc3cs sl-:ciw that by using o&- techniques and 
test system (̂ CecLis tissue) we C E ~  d8mO.llStr32C irreraoscs 
abnomalitles siirilar t o  those rzported by O f i S i S .  ruther studies will 
be rrquked b6b-r~  we can sttito tkat e. doss resy?Clr??te relationship exlsts. 
Ecnder's data 03 +&ee men expced to  neutmn end go2ma imdlatlon 
indicstes that the regression criwt? may hc the noct lmprbnt part of 
tho dose-response relationship. (36) 

These results indicate thct no slgrriiicsnt inmcsc h chromatid 

Ten con?zol testicular cultures were o'stcincd whish ptcKZuced 201 

. 

clnmoaone 
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TABLE X X  

I 

Type C cells 
Type B r 

c1 c 2  c3  

2 1 2 0 4  

5 7 4 3  

- 
Status 

Control 

No. of 
testicular 
cultures 

10 

Total no. 
of  cells 

koryotyped e46 46 

16 153 

5 65 

20 1 

>46 

5 

1 90 
Post- ' 

irradiation r (IObr) 
3 

TABL- < 
. 
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The phenomenon of endoreduplication was also studied in a pre- 
liminary fashion. Docurnentation of our preliminary studies will be 
found as enclosure 82. 

.. 

. 
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