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Rowiky, M. J., Lracu, DL R, Wannin, G. A, and reLes, C. G, Effect of Graded
Dar~« of innizing Nadintion on the [Tuman Testin. Radial. Rcs. 59, 665-678 {1074).

A portable unit was developed to provide uniform irradiation of the human testex. The
deviee had bnilt-in radiolnzical protectinr, and provided a dosage independent of the
subjert geometry, uniform to within +575. Single doses, between 8 and 600 rad were
adm.nistered to the testes oi human sub,ccu Observations were made both hriore and
folinwing irradiation. Parameters evaluated included sperm concentration, motiiily ana
morphningy, seminal fiuid volume, pinsma and urinary gonadotropin and testosterone
ievels, urinary estrogens, and comparison of testicular binpsies taken befors and aiter
irraniation in the anme subject. Dose-response relationships and recovery times were
detesmined for each doss range studied.

INTRODUCTION

During the past 10 yr {1663-i673) & long-term study on the cficcis of acute
doses of X-ray irradiation on the normal human testis has becn performed.
Only preliminary publication of pertinent data has been made to date {i-8).
Becsuse of the extensive amount of data accumulsted & sories of reporis is
being writicn. This one, the first, will explain the details of the irradiations,
the experimental design, and give s gc-xcral over-view of the findings. :Sub-
sequent reports will provide detailed anaiyses of each of the paramcters studlcd

MATERIALS AND METHODS -

A Device to Deliver Uniform X-ray Doses

Fquipment was required to deliver & uniform, nccumtc]; predetermined dose
of X-radiation throughout both testcs of human volunteers. Building modifica-
tions were undesirable, thercfore the apparastus was to be portable, operable

' This work was supported by United Siates Atomic Energy Comin'mion Conluct AT(35-1)
1780,
3 Dresant address: Divisica oi Nuciear Medicine, Tumor Iustit o( I'hn Smétliospnhl
Medical Center, 1211 Marion Street, Seattle, Wnshmgwu 98104. b3
3 Aseistant Radiotherapist, Tumor Institute of The Swedish Hoepml Modnal Cenw' Suttlo,
Washingtoz., [ .
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logical protection. Exposure doses, uniforin to within £5% of the stated aver- Fre. 3
age wero to be delivered at the rate of approximately 100 R/min. (m“‘;"“'r
The equipment provided (Figs. 1 and Z) consisted of two air-cooled industrial
X-ray units, with tungsten targets, operating at approximately 140 kVp with .
up to 5 mA tube current, having an inhcrent filtration of 0.14 in. glass plus matert:
0.12 in. Mg, equivalent to 2 mm Al Thesa units were mounted in & lead-lined "h‘-"“'-‘
box with their beams horizontally opposed on a common axis. The X-ray beams Chai
ucre incident on a block of tissue equivalent material 20 X 20 X 6 cm thick, the un
laced midway between the tuhes. insrrted into this block of material in the a'f:‘-‘"-' .
mlddlc of the upper edge was a transparent 10 X 15 X 6 cm vc&scl of 0. 1’25 in. OBt
Piexiglass. onc an
In use tho Plexigiass vessel was filled with warm (9'1-94"‘) water \\hlch tion st
scrved two purposes: (s) physinlogical, to obtain descent of the testes’ mro copper
the vcssel, and (b) physical, making tho tesics, water vesel and m.rrounung l"_'"l'\' :-
ZT S5 with d.
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Jlus material one tissuc equivalent mass, thereby making the dose distributions in 4
" the testes independent of the naturai varintions in the geomretry of tie subject. - 3
ned N ., - ¥ A R
s Characteristics of the X-ray heads were determined before sssembly into 7 3
ik the unit using a Victoreen “R* meter model 70 bearing calibrations againsg © 3
th; & free air chamber and & secondary standard certified by the Natiohal Bureau = 3
S in of Standards. They were found o deliver dose raies that were Wwithin i of - 3
one another when operated under the same conditions. Narrow beam sbsorp- 1
seh - . tion studics showed them to have first HVLs of 5 mm of aluminum or 0.25 mm {
, copper, and second HVLs of 7.95 mm aluminum or 0.43 mm of copper. The
,." peak kilovoltage as determined from the absorption curve in copper combined
Lo .

with data from Morgan (6) was found to be 135 kVp. The spectrai distribution
as dctermined from the absorption curves in aluminum and copper anaiyzed
by the method of Greening (7) is shown in Fig. 3.

The X-ray heads were then assembled into the unit and the dose distribution
explored with an air equivalent jonization chamber rate meter system of a type
previously described (§). The chember built for this project was wave length
independent at the encrgics of interest and calibrated by comparison with the
. Victorcen “R” meter. The irradiation of a large volume compared with the
volume of interest reduced the “wasting effect” usually observed in media
irradiated by parallel opposing ficlds. The total size of the irradiated volume,
the point of incidence of the central axis of the X-ray beams and the focus
to subject distance were manipulated to obtain uniformity of exposurc dose
rate. Measurcments showed that the dose rate was within 5% of the average
througnout the volume of the Plexiglass vessel, to within 1.7 em of the upper-
most surface of tho vessel. Greater uniformity may be achieved by the use
oif wedge filters if needed. In use, howsver, irradiatior. wes only performed
when the testes descended below the 1.7 cm level us viewed in the mirrors
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F1a. 4. Comparison of mouse spermatogonial survival vm.ﬁ dnu from type Aand intermediate

" apermatogonia pooled. Surviving iractions measured ss an expesimantal:control ralin. The ragis-

tion characteristics for Lawrence Radistion Laboratory (LRL) were 250 kV, 5 mA, HYL 1.00 mm

Cu; jor Massachusetts General Hospital 280 k¥, 16 mA, HVL 1.3 mm Cu; for Osk Rigge Nationat

Laboratory 250 kV, 15 mA, HVL 0.4 mm Cu, and for Salem, Oregon (lhe current pro;ect.) 190 kV
asod 4.5 mA. .

through the view poris provided (Figs. 1 and 2)‘ Tne X-mv tubes rested in
cradles which wero now locked in posmon and the hcads could be returned
in one location only, if withcrawn for servicing. = - = 2o s L
The pox housing the X-rey tubes was completely, ‘mca Wit l/iG in. jead
reinforced at sirategic points as determined by diroct- rndnq n:survay. The
exposuro dose rate st gonadal height, 8 it from the: umtu wai radiaced to 20
m‘(/nr at maximum operation, The control panel was at the ‘end of 20 ft of
cabie, and thercfore this leval of proiection was considered adequate in this
context. The midbody exposure dose rate to the subject was of the order of
20 mR/hr also. This was acajeved by heavier proection of the top and inrer
faces of the unit. Measurements were made at a point in the middie of the
vessel in & place 5 cm below the upper suriace (a) in air, and (b) in waier
From this data all dose rates throughout the cup could be related to a simple
“in air"” calibration carried out at the site of the experiment.
In use, the X-ray units were operated until thermal equilibrium was reached.
” The Victoreen chamber was used to measure the output of each tube head
separaiely to check performencs. Calibration of botn units operating togathes
was then made in the plsce, &3 descrived below, From this the aversge dose
rate in the water-filled cup and the time ior delivery of the desired dose could
be computed. The timer was of the Liebel Florscheim type; i the exposure
times were less than 1 min toe tube currents were reduced and the units re-
calibrated to minimize timing errors. .
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HUMAN TESTICULAIL TRIEADIATION 669

In applieation, the cup was then filled with water at serotal temperature
awd the subjeet Inid prone with testicles snsponded in tho waler. The Jeval
of the testicles in the cup was viewed in the mirrors through the view ports.
When the testicles were helow the 1.7 em level the mirrors were swung out
of the X-ray beam path and the pre-determined dose delivered. The unit was
recalibrated at the termination of the experiment. Our records show less than
1% change in output during 8 run. - '

o«

X-Ray Calibration Checks

One independeni check of the X-ray enlibrations wns made using R-moters
by & physicist of Battelle Northwest Laboratorics. Ie confirmed that “QOur
independent calibrations agreed with those of the experimenters within the
accurncy expected from the instrumenis used. . . . Tho standard deviation
between our results was about 3%.” A sccond independent check wes made

using o biological standard, by Dr. E. F. Oakberg of Oak Ridge National”

Laboratory. A special mousc-holding chamber that would fit into the water
box of the X-ray machine was constructed. Dr. Oakberg's genectically pure
strain of mice was used. Mice were irradiated at various dosage leve's, then
sutopsied at 72 hr after X-ray. The preserved testicular specimens were anaiyzed
-and the results compared to results obtained using equipment-at other institu-
tions (Fig. 4). I C i

il

Data on Irradiation of Subjects

[#

Sixty-seven subjects reccived acute testicular irradiation in Coses Detween 8 -

and 60O rad. Six subjects werc irradiated & second time, and one subject s third
time, iollowing complete recovery irom tie initial dosage. Of these, thres re-
ccived the identical dosage on each of the two occasions, taree received two
dificrent dosages, and one received thres differcnt dosages. Onc subject was
given weekly irradiations of 5 rad/wk for 11 wk. Each dosage given is iisted
scparstely in Tsble . EE S

Selection of Subjects c . )

The 67 subjects for this study were neaitny norir.a—.l é\é‘&é_ﬁ\vecn the ages
of 25 and 52 yr. Their reproductive normaleyavas determined prior to irradia-
tion by physical examination, examination of testicular-biopsy specimens, sperm
concentration and sperm morphology. Levels of urinary total gonadotropins,
luteinizing bormone (LH), foliicie-stimulating hormone (FSH), testosierone,
esirogen and/or plesms LH, FSH, and testosterone were &lso determined.

¢ The men were voiunteers who were iamiiisrizec with the project snd its goais over sn extended
pre-irradiation observation period to enable the investigators o eayure informed consent. Where
applicapie, the participant's wife was also reguired io Ziva written conseat. Extensive review of

this prograre was carried out at 3-mo intervals Dy an approved human consent review board.

Three sdditional reviews were provided by ac soc committees whose members were selectod
pationally. Piease contact the senior author for further information.
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TANULATION oF FACH X-RAY Dost, ApmiviaTrrrd, Anxs or TAR SURIKCTA AT THE Twur,
AND Dose Grour racit Innaptation Was I'Lackn INTO FOR DDaTa ANALYSIA

Dose grouping Actunl Irradiation Suhjerd
for data analysis X-ray dose date age
(rad) (rad) ()
an 10-12-67 28
s a0 10-12-67 27
80 10-12-67 29
8.6 101267 27
9.4 4-14-65 41
10 0.7 2-2.67 43
105 2-17-67 36
15 339 11-23-63 30
182 9-25-65 25
163 3-5-04 26
188 B-m04 -
{ 18.3 £14-65 3t
2 185 10-13-65 36
! 200 5-6.71 —
l 20.0 $-12.70 2
20.0 5671 7
r o3 11 2363 -o8
el Sl ne 10-13-65 30 .
= q $-29-65 3t
y 9-26-83 42
11-23-63 4
0-14-63 32
9-14-63 52
56-71 28
1971 37
10-12-67 6
10-12:67 43
| 101267 3%
4 T 10-1267 <0
i 81270 - .
1
- . i 11-23-63 3i
1 1 12-10-64 24
82263 30
j 82263 —_ o
1 59064 - | 3 S-
3-19-64 .81 .
9-14-63 - b
2.2-67 46 .
b 10-13-65 38 : ,
; %1766 28 . 4
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TABLE I—Cont'aned i
Dose grouping Artual © Irradiation Suiijret
0 Jor dnia analysis A-ray dnss rlate ' i
i - (rod) {rard) (ur) 1
[ 183.3 0-29.65 39 .
1RS.1 4-14-65 27 g
188.7 8-17-63 3
188.7 8-17-63 —
1915 1567 43 4
115 1-5-67 37 1
200 2000 56-71 30
200.0 9-12.70 20
200.0 9-i12-70 36
' 200.0 9-12-70 -— {
200.0 56-71 26
1200.0 1-0-71 36
1
239 228.0 . 10-12-67 £1 3
300 280.5 8-22-63 37
280.5¢ 8-22-63 29
L[] -,
367.0 0-14-63 40
400 3753 8564 25 :
(547.5 266 . L ;
540.9 21865 e 3
534 4 Tl485. - qp i
536.4 8564 28. >
L. 564.5 4:14-65 —_ 3
600.0 1151458 357 3
. 600.G6 3-21-70 41 P
b 600 4606.01 11-14-68 . 2R '
£00.0¢ 32176 - 49~
600.0 11-74-68 30" 3
$00.0 1571 34, 1
660.0 g7 - . as? q
606.0¢ 567 - - " iy 3
600:0 1-14-68 - = = = 3
. 640.0 98270 LD 873 3
50 Received 11 From R X ]
TOTAL dose of 2-186 < 3
4.6 1ad (avg) 420-65 % .. »
: Each-dose = 3
sepatated I Y
by Tdays - p
Superseript numbers 1-8 refer to the six subjects who received more than one X-ray dose, 0.g.,
both 25 rad doses were received by the same subject. o
y
. 3
Additional routine tests such as blood cytology, urinalysis and various biood
chemistry tests were evaluated during the pre- and postirradiation period. 3
3
. b
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Fio. 5. The response of urin;ry fotal gon;\‘ndotrp:yin levels and sperm concentration o s single
dose of 200 rad of X-irradistion to ths testes. ~ -

Postirradiation Evalustion

For each parameter studied each subject served as his own controi. Post-
irradiation observations were made on cath parameter mentioned abave. Serial
testicular biopsicy were taken following 42 irradiations. After 13 irradiations
biopsics were not taken during $ne postircadiation peried in order to spacificaiiy
cvaluate sperm and hormonal cvahmtmns (5). Alter 19 irradiations, diopsics
were avoided only during the ﬁrbt ﬂ&(l&y ceil depiction perind (8) (subject
receiving 5 rad/wk tabu‘(ﬁc& 38 ong izragiation only). All biopsies were pro-
parcd far light microscopy {10) nnd in the later years of the siudy, for electron
microscopy (71). Germinal cell and Leydig ccll quantitation methods wore de-
veloped (8, 12) and utilized on material fixed Tor Hght microscopy.

Sperm counts were performed using the hacmocytometer method on samples
submitted weekly by eaca volunieer. Sperm morphology (18) was examined
by Dr. John MacLeod of Corneil Medical School.

During the first years of this sfudy urinary steroid and hormone evaluations
were used exclusively. As plasms methods became nvsilable, urinary evaluations
were phased out. The urinary gonadotropins were contentrated using the speed-
filter and kaolin adsorption method of Albert (14). Tota! gonadotropins were
bioassayed by the method of Lauson, Heller and Sevringhaus (Z5). Luteinizing
hormone bioassay was conducted using the male hypophysectomized rat method
of Greep et ol. (15). The Steelman~Pohley assay (17) was used for FSH. Estrogens
were bioassayed using the method of Lauson, Heller, Golden and Sevringhaus
(18). Urinary testosterone and epitestosterone leveis were determined using gle
(19, 20).
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Fra. 6. The response of plasma follicle-stimulating hormone, plasms luteinizing hormone and
sperm concentration to s single dose of 600 rad of X-irradiation to the Lestes,

Plasma testosterone was determined using the method of Murphy (21).
Radicimmunoassay of plasma FSH and LH was performed using nwodifications
of methods by Odell et ol. (22, £3). 1

RESULTS
Urinary Gonadotropins (Fig. 6)

In each subject and for each radiation cose level {except 8§ rad for whirn
urinary total gonadotropin values were not determined), a distinct risc in _
urinary total gonadotropins was noted. The rise occurred concomitantly with
the first denuding of the germinal epithelium. The rise was sustained until =

the course of depletion, quiescent period, or during reco\'er}'.'Uringry FSH G
levels paralicled the rise and fail of total gonadotropins. The jour subjects -
recciving 8 rad revealed no change in FSH. : < S

Piasma Gonadotropins (Fig. 6)

Meesuring plasma FSH icvels confirmed the results obtained i m&zrﬁn.{r!
assays. No change was found iollowing 8 rad, & slight increase Vs Saen nd
20 rad and highly significant increases were found between 75 snd G0 -rdg.
At these dosages plasma FSH levels rose as much as jourfoid. Pirstia 1.H igveis
contresied sharply with values obteined from ULiNGIY £884YS. Onlyit;. " :éosa:\ps
{ 8 and 20 rad) revesled no chenge in pinsma LH foilowing irradistion. Atiihe
higner doses (75 and 600 rac) definite LH incressas wera found. The grestest

162818

histological recovery began. Subsecquent lowering of totai gonadotropin levels 2

to normal, paralleled the repopulation of the seminiferous tubuies. Urinary
LII levels were not changed foliowing irradiation exposure at any time during © ¥
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TABLI 1

Senvour Cron Ravion (# Sentort CrLia/z Cnsinat, Crraa) or Biorsisn TaxeN yiou
Onr Sunsrer Brvons ano Arter 100 1Lan ane ONe Supaset Brrows, ann
Artem 600 Rap or Trsticuan X-Rav Innantarione

Spermulogonia Spermalorylen Spermalids
Ad Ap ] R L Z r Sa S Se Sd
100 rnd
Control 071 053 0728 024 043 006 199 143 129 129 1.00
24 hr 062. 044 0.14 014 033 002 132 0.72 079 071 0.74
i4 days 059 006 0.003 0 0009 0 1.05 0.55 0.59 0.73 0.492
25 dayy 0.20 003 004 002 0 0 0.27 081 1.06 075 0.73
49 day» 027 012 002 003 004 O .20 0.17 0.32
112 days 006 002 0 0 [ 0 0.03 0.02 0.06
210 days 006 0.06 0.005 0 0 0 0.06 0.03 0.02
600 rad
Control 056 044 029 ¢33 061 001 260 1.58 220 1.83 i.60
22 hr 0.47 024 007 007 074 004 290 183 224 222 i.cs
14 dnys 028 023 0004 [t} 201 0 1.39 044 000 071 0.72
29 dnys 0.21 014 001 0 0 0 0.0 1.34 237
84 days 001 0002 0 [ 0 0 [ 1] 1] ) "]
151 dnys 0002 O 0 7] D] ] [} 0 0 [¥] Q
252 days 0.006 0 1] [1] Q [} G o ] 9 v
322 days 0.003 001 002 0005 0 0 0.05 0.04 0.0
477 duys 0001 © 0 0.006 0 0 0.01 ] 0 0 0

® All biopsies were Guantitated by one individual by the tubular method (3). Spermatogonis
designsted Ad (A-dark), Ap (A-pale), and B. Spermatocytes designated R (resting or preiepto-
tene), L (ieptotene), Z (sygotene) and P (pachytene). Spermatids designated Sa, SD, SE sod Sc, <
with the Sd being the most matuse or difierentiated. ;

incrcase was after 600 rad where plasma LH levels were double the pre-irra-
diation values. :

Uringry snd Plasma Sieroids . ; )

Urinary estrogen levels were noi changed foliowing irrsdiation. Urinary .
testosterone levels revealed a minimai but statistically significant lowering
following irradiation. Plasma testosterone determination showed no atnhmcsl
change followmg xrndntlon ' '

Cellular Effects ' £

Spermatogonia were jound to_be the most radiosensitive cell. tyje
morphologlcal and quantitative changes at all dose lcvels (Table: eﬁt
8 rad where no biopsies wera tnkcn, Spermatocytes wers overtly dt@mge’u $
coses of 200~300 rad as shown by their inability to complete maturation division™
which caused & decrease in resulting spermatid numbers. Spermatocytes were -
visibly damaged at the 400600 rad level. Spermatids showed no overt damage,
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Dosr. Companson or Tur INiTiATION or Ricouveny

Dase Time of brginning First aperin in
(rad) histological recovery arminal flnid or
t + (mo)s Sfirst increase
n aperm numbersg
(mo)®
8 Decrease transient
or nonexistent
20 .o 6 6
100 R 7 7
200 - 7 i1
600 75 24

* Histological recovery initiation calculated by first incrense in germinal cell numbers.
* Reccvery initistion by sperm number incrense was determined in ejaculated seminal Auid.

bowever, after 400-G00 rad, the resultant spermatozoa were signiiicantly de-
creased in number signilying covert spermatid damage.

Following testicular depletion through cellular maturation (and the failure
of the spermatogonia to supply replacement cells) which takes 46 days, an
additional 21 days was required (a totai of 67 days following irrzdiation) for
the sperm concentration to drop to azoospermia at all dose leveis above 78 rad
(Fig. 5). Doscs of 78 and 50 rad produccd marked oligospermia decreasing

moderate olizospermia (lowering counts to sbove 10 m/cc). At 78 md tmnl
azoospermia occurred in all subjccts but one. -
At the higher doses (400-600 rad) sperm concentration feil prcc:pltously

the intermediato dose levels (200300 rad) the sperm concentration ‘did not

spermatocytes failecd to develop. The mixing of gcnerations of sperfnatozoa in
the ductular systcm and the natural high weekly variasiion in sperm -concen-
tration may have obscured tke diminution. . ': o :

Preliminary results from subjecis at the 600 rad dose ievel reveal an mcrcqs
in Leydig ccll numbers (counts were corrected for tissue shrinkage by u by usmg
a Sertoli cell ratio (12), i.e., # Loydig cells/# Sertoii cells). This increaso in

until the time at which the gorminal cplthcllum began to recover. These ;resul%s
were obtained from four subjects receiving 600 rad and were not du}em\ineﬁ
on subjects receiving the lower doses. 3EZTE

The beginning of recovery as shown by an incresss in gc-mmnl cell numbcrs
preceaces the show of sperm or the incresso in sperm numbcers in the cjaculatos
{Tabic 111). At dosages below 100 rad ‘this differenco is negligible. At dosages
of 200 rad the incrcase in germinal celis may precede tho observation of cjacu-
lated sperm by 4 mo, at 600 rad histological recovery msy be mmat.od 17 mo
before sperm are found.

1162880

 Leydig cell numbers occurred 90 days after irradiation and remained- elevnted-

sperm concentration from normal to about 2 m/ce. Lower doses produced .

prior to the 46 day period because of the damage to spermatids (Flg. 6). At

show a decrease prior to the 46 day postirradistion period cven though some :
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Complete recovery as shown by a retuen to pre-iecadintion sperm eoneen-
trations and germinal eell pumbers i within 918 mo for doses of 100 rad and
. helow, 30 mo for doses of 200 and 300 rad, nnd § or smore years for doses of
{; 400 and GO0 rad (ounly one subject followed to complele reeovery al the high

dose level).
In the seven subjects that wero irradiated a sccond or third time [ollowing
complete recovery, the response to the repeated dose was in every way com-
. " parable to the initinl-doso response.

DISCUSSION

The frst problem aysociated with this project was to deliver zs uniform an
amount of radiation &s possible to all depths of testicular tissuc of hoth testes
without expasing tho subject to any extrancous radiation. We rejected the
conventional X-ray therapy units on tho market (in 1963) as unsuitable because

. of lack of means of uniform coveragoe of tho testes, fack of assuranco that uni-
formity irom subjcet to subject could ha catablished and lack of (or awkward)
shiclding protection to the subject’s body. Therefore, o simple portable box
wns designed that sllowed the scrotum and testes to drop inte a plastic box
filled with water at acrotal temperature and then be irradiated by two X-ray
tubes.
- Throughout the time when jrradiation was performed (8-22-63 to 5-6-71)
- the same equipment was used. Tho irradistions were carcied out by s radio-
- thcnpm with o technician assisting.
. = o Dur)ng the early years of this study, urinary gomdotropms and steroids
s were determined. As plasma methods becamo available they were substituted  ©
for the less sccurate bioassay technigues. Generally the resuits obtained from
urinary and plasma anciysis sgreed. Our explaration for the rise in gonade-
“tropins. is that the germinal cells, during their norma! course of maturation
= . :and:development, requirc gonadotropins. In the abschee of germinsl cell ac-
C .~tunby no utilisation occurs and consequently excess gonadotropins appear in
: °¢7 he plasma snd urine. The lowering of gonadotropin valucs oceurs as the ger-
Z 2 mind ealls again become active during the recovery peried. A direct comparison
Qet\meﬁ sperm count and gonadotropin curves on agy one subject will demon-
strate this dependence.
= 7 z % Esbragen and testosterone levels can be used as a measure of Leydig cell
. ; . ’ function for the human male. The urinary estrogen mecthod was relatively
insensitive howaver, and testosterons determination was later substituted. The
fall in urinary testosterone coupled with the rise in LH (plasma) strongly
, suggest that the radiation caused some interference in Leydig cell function.
4 .. We suggest that the increase in Leydig cell numbers found at the higher X-ray
3 » doses was an cffort to compensate for their reduced function.

From the combination of morphological and quastitative data we conclude
that spermatogonia are the most radiosensitive cell types and spermatids the
most radioresistant cells (Table 1I). A striking aspect of this data is that cells
3 literally next to each other both in devclopment and spatial placement within
the tubule have different zadioresistance. For instance, the type B spermato-
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{' Ronitm i the Biost

are alsa rdiosensitive, Hnwcvcr, the cell wrising frepm the
the prekeptatone pernatoeyte, Tequires tonfold the
that the 3 requires to e damaged similarly, The nex
r:\diuscnsit.ivity is between the pachytene Sperimato,
Again thesg cells are ail;

tndivsensitive eolf, The celly Breceding i (U Ay wned Apy)
i *Permadogonium,
amount of Neireadiatinn
tmajor differenee i eelf
Cyte aud the 8y Sperinatif,

Tt spatially, yot tha

ation to b diinaged tg thy
40 times ag resistant ¢o radiation

are the spcrmntogoma.

he initiation of recov

reappearance (op number §

twn IR HTE P
Spermatogonia, A )

y Npermy
wlnter i

birsd, TeRirRigien of
nbiogy o f Eostieqying

Hum Frege
of aperm count. This timn eliffe.

inal enif fenewal p

un n‘f:nv«'ry
Tenee iy prop.
ablern in map
Xample, in mice,

late themselves

anner, produzing
during early re-

matogonia, spcrmatocytcs, ete., while an
tubule will pe devoid of more than g single Spermatogoniyy. The
early differ niiation of some #permatogonia {rather thapn
3clves) -cause

Tepopulating thepr,.
tpletion of Spermaiogoniaj reserves ang
1 gs the Fecovery time, X-ray doge the more ap-
-dcfcnting phenomenon,
OWevEr, at all doses and gfter multiple rediation ¢
does eventually oceyr.

© concluded that ¢ single exposure of the testis ¢
dose_levely of 600 rad or below, causes significant g;
Tytology and hormonpg] levels associated with ccllular p

0ses, complete recovery
o 0 ionizing radiation at
o sturbance of testicular

rocesses. These cellular

used hergjp
Reezivzy February 11, 1974
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