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The time of development of sperms- 
togonia to mature spermatozoa within the 
Sertoli cell cytoplasm has been established 
for the human.11 The time of transit from 
the release of the spermatozoa from the 
Sertoli cell cytoplasm to their apbearance 
in the ejaculate has not been determined, 
with any precision, for the human. lye  
therefore proposed to establish the most 
rapid, the average, and the maximal ductu- 
lar transit time for human spermatozoa. 

time as estimated and/or determined ex- 
perimentally for sel-era1 species of mam- 
mals. 

nence, for the first 30 days tolloffing in- 
jection of thymidine-H3. From this time 
fornard, every ejaculate was obtained and 
analyzed. Subjects were requested to sub- 
mit samples every third day if possible. 
Each specimen was analyzed by 2 tech- 
njcians using the hemocytometer method. 

Radioautographs were made from smears 
of each seminal fluid specimen. The smears 
were coated with Diaphane, fixed in 95% 
alcohol, and stained with Casarett’s stain.3 

Table 1 summarizes ductular trave] Radioautography was done with Kodak 
XTB-3 Suclear Track Emulsion using a 
“loop” method. Exposures were from 21- 
280 days with subsequent development in 

Counts of labeled spermatozoa were 
Adult normal male volunteers (age 26- made on each slide and reported as cells 

40) were divided into two groups. Repro- labeled/1000 counted. Only those sperma- 
ductive normalcy was determined by hor- tozoa having 4 grains or more/nucleus were 
monal determinations, sperm counts, and included. All slides were coded for count- 
testicular biopsy examination. A group of ing. 
5 subjects was given intratesticular injec- S-ray  Irradiation. X-ray irradiation 
tions of thymidine-H3 a t  four sites in each was administered from a unit featuring 
testis for a total of 80 pc. The second twin X-ray tubes within a lead-lined box 
group of 9 men received testicula: S- especially designed for this purpose. The 
ray irradiation of 100 or 300 r. Two of patient lay prone over the unit with his 
these subjects were first injected with testes suspended in a Plexiglas cup filled 
thymidine and then immediately irradiated with water a t  scrotal temperature. The 
with 100 r. Each of the volunteers were remainder of the body was fully pro- 
candidates for vasectomy, which was per- tected by the lead shielding. Dosimetry 
formed a t  the termination of the investi- revealed uniform delivery within 1 0 . 5  r. 
gation. a t  any point within the Plexiglas cup. 

Thynndine-H3.  Semina] fluid was col- Those subjects undergoing testicular X-ray 
lected veekly, following 3 davs of absti- irradiation collected seminal fluid once 

* a two-stage developer.’O 
MATERIALS AX’D METHODS 

given for thymidine-H3. 
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FIG. 1. Labeled spermatozoa found in C+ TI 
46 days after thymidine-H’ injechon. Note residual 
bodies along edge of lumen, x 1200 (from Heller 
and Clermont”). 

velopment as a spermatocyte, maturation 
and division, and iurther development as 
a spermatid. Such labeled spermatozoa 
about to be released are seen 46 days 
after labeling in Fig. 1, along with the 
residual bodies of companion spermatozoa 
tha t  have recently left the Sertoli cell 
cytoplasm. This, then, becomes Day 0 in 
the timing of the transit of the spermatozoa 
through the ductular system. 

X-ray Irradiation. S-ray  irradiation, 
which applies 100 to  300 r., causes dis- 
cernible damage to the spermatogonia in 
man within 4-6 hr.I3 None of the sper- 
matogonia undergo mitosis to become pre- 
leptotene spermatocytes. A t  this S- ray  
dose, none of the preleptotene spermato- 
cytes or any of the cells more advanced 
in their maturation are affected. They pro- 
ceed through the maturation process nor- 
mally in both numbers and rate. Sperma- 
tozoa are seen as the last remaining 
germinal cells leaving the Sertoli cell 
cytoplasm 46 days following irradiation. 
Figure 2 reveals a iew remaining sperma- 
tozoa on Day 46 just emerging from the 
cytoplasm along with the residual bodies 
of the companion spermatozoa, which have 
just preceded them into the tubular lu- 
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men. Day 46 following irradiation thus be- 
comes Day 0 of rhe transit time consumed 
during residence in the tubular system. 

Most  Rapid Transit Time. Each of the 
men injected with tritiated thymidine re- 
vealed labeled spermatozoa by D a y  1 or 
in the first ejaculated specimen collected 
after Day 1 (Fig. 3 ) .  KO subject had 
labeled spermatozoa in the ejaculate prior 
to Day 0. I n  1 subject, labeled sperma- 
tozoa appeared on Day 0. Of 4 collecting 
on Day  1, 3 revealed labeled spermatozoa 
and 1 failed to  do so. I n  the latter, the 
first labeled spermatozoa were observed in 
the nest specimen collected (Day 15). 
Thus, we observed labeled spermatozoa 
by Day 1 in 4 subjects. I n  the fifth sub- 

time was determined from the time that 
the maximal number of labeled spermato- 

FIG 2. Spermatozoa and residu31 bodles found 
In CA I1 46 days after X-ray irradiation wrth 100 r 
The other cell present \rithin the tubule is n Scrtoli 
cell. x 1200 
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FIG. 3. The times of semen collection in 5 subJects who had received thl-midine-Ha. Day 0 is Day 46 
after thymidine-Ha Injection (Subjects d, B,  and C )  and thymidine-H* plus X-ray irradiation (Subjects 
D and E). The black bars indicate no labeled spermatozoa, striped bart, labeled spermatozoa, and white 
bars show the days that no collectionsyvere made. The specimens contalning the largest number of 
labeled spermllCO0 for Subjects A ,  B ,  C, D, and E \\-ere collected on 12, 12, 11, 15 and 8 days respec- 
tively. Note absence of labeled spermatozoa in semen sollected on Day 29 ~n Subjects D and E, who 
also received X-ray irradiation. 

10 1s 20 

da>s after the injection oi thymi- 
revealed the maximal number labeled a t  8 
and 15 days (the midpoint being 11 or 12 

ZO8 (Fig. 4)  appeared in the smears. The days), no sanlples haring been collected 
mode as well as the median were found by between 8 and 15 days in either subject 
statistical analysis to be 12 days for each. (Fig. 3, Subjects D and E). 
The maximal numbers of labeled sperma- ,'Ilasinial Transit Time. The maximal 
tozoa were found on Days 12, 12 and 11 transit time cannot be determined with the 
for those receiving th~rnid1ne-H~ alone. use of thymidine labeling alone because 
Figure 5 illustrates the first appearance of the spermatogonia as well as the prelepto- 
labeled spermatozoa and the greatest con- tene spermatocytes are labeled with the 
centration of labeled spermatozoa for 2 isotope. The resulting labeled spermatozoa 
typical subjects. The 2 subjects n-ho re- continued to be excreted for a long period 
ceived X-ray irradiation at  the same time after the spermatozoa resulting from la- 
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traveling through the ductular system de- 
pends not only upon the data and their 
analysis as presented in the results but 
also upon the assumption that  Day 46. 

i l I l \ -  after irradiation thymidine (the time injection of preleptotene and/or X-ray ma- 

U turation into spermatozoa) is really Day 
I 0 of transit time as well. 

Examination of testicular biopsies (un- 
treated controls, S- ray  irradiated, and 

P ' 5 " ' ' a x) I " ' I " '  15 ' ' " I  20 thymidine-HS labeled) reveals that  no 
DAYS snermatozoa are ever found in cell as- 

- VPM183 

* .  . !! 
ul 

FIG. 6. The depletion of sperm count in 2 men sociations (C-4) I and 111, which precede 
irradiated W i t h  100 r. (VPhf 234) and 200 r and follow cx 11.11 Thus, all spermatozoa (VPM .I831 of X-rays. Day 0 is Day 46 after 
irradiation. are released from the Sertoli cell cyto- 

~ 

plasm during C.4 11, which has a duration 
beled preleptotene spermatocytes r e r e  of 2.7 days.12 It is not apparent from ex- 
gone. Therefore, the irradiation study was am'ining C.4 I1 a t  Khat exact time within 
necessary t o  establish the maximal travel the CA release occurs, but it is hypothe- 
time. The testicular irradiation of 9 men sized that the majority are released on 
(including the 2 receiving thymidine) re- Day 46. Seither the beginning nor the end 
sulted in a maintenance of sperni count a t  of release has been further determined. 
normal preradintion lmels for the first I t  has been assumed in this paper, for - 
46 days until Day 1 of transit time. .4t the purpose of clarity and practicability, 
this time sperm count began to drop and that  the release occurs only during a 1- 
continued to decrease until only an oc- day period. We already know tha t  re- 
casional spermatozoon was found in the lease is not an instantaneous or simul- 
ejaculate on Days 20-22 (Fig. 6). Allow- . taneous process. This is demonstrated in 
ances must be made for the fact that the Figs. 1 and 2 in which spermatozoa still 
regular day of collection after irradiation held within the Sertoli cell cytoplasm are 
varied. Therefore, 1 subject may have col- associated with the residual bodies of 
lected on Days 0, 7, 14, 21, and 28, spermatozoa already released. It may be 
while another might collect on Days 1, 8, that some spermatozoa are, in fact, re- 
15, 22, and 29. It should be noted that the leased before Day 0. Since Day 46 is only 
last labeled spermatozoa in the seminal 0.7 days into CA 11, this cannot occur 
fluid in the 2 subjects injected with thymi- any sooner than 1 day before Day 0 and 
dine-H3 and then irradiated were also ob- probably involves only a minority of the 
served in each on Day 22. Little individual spermatozoa. Hence, the early release will 
variation was found. All injected with hare  no bearing on the median or masi- 
thymidine-H3 showed labeling on Day 0 or mal transit time, but may cause an error 
1 or the first day a sample was available in the most rapid transit time so that  it 
(Fig. 31, and all irradiated with X-ray becomes 1 day more than assumed in the 
were depleted or sperm by 21 * 1 days. results. 

Czerniak5 used tracer doses of radio- 
active phosphorus injected intrarenously 

The precision of this method for de- to  t ry  to determine the timing of human 
termining the most rapid, the average, and spermatogenesis and spermatozoan travel 
the maximal transit time of spermatozoa time. Unfortunately, his measurements 

0 

DISCUSSIOS 
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were not accurate in regard to  the timing 
of spermatogenesis. He has subsequently 
been proven incorrect by the thymidine-H3 
work reported by Heller and Clermont.” 
The combination of the times that he gives 
for spermatogenesis and transport (2 weeks) 
probably reflects transport time alone. Al- 
though it is k n o m  that  PS2 can label 
spermatogonia: Czerniak did not continue 
his experiments long enough to observe 
ejaculated spermatozoa that had been 
labeled when they were in their sperma- 
togonial or even spermatocyte state. 

The use of tritiated thymidine as a tracer 
to measure transit time is a teckinic de- 
yeloped relatively recently (see Table l ) .  
Only one study has been done utilizing 
X-ray irradiation to  determine transit 
time. Oakberg and Dil1innoz0 determined 
the average transport time in the mouse 
to be 8 days using this technic. 

The combination of X-ray irradiation 
and thymidine-H3 labeling to determine 
travel time has not been applied to this 
problem previously. Without this double 
determination. precision timing of either 

12 days, and the maximal transit time 21 
days. 

Tritiated thymidine-labeled sperm are 
released from the Sertoli cell cytoplasm 
into the seminiferous tubule lumen 46 
days after intratesticular injection of the 
isotope. A few labeled sperm appear in the 
ejaculate on Day  46. Maximal labeling is 
obsen-ed between Day  54 and Day 61 
following isotope injection. Thus, the most 
rapid transit time is 1 day or less and 
the average transit time is 12 days, as 
determined by thymidine-H3 labeling. 

Applying 100 or 300 r. directly to the 
testes alone caused immediate sperma- 
togonial degeneration, while allowin, - nor- 
mal maturation of all more mature cells 
of the germinal series. The last of these 
normal cells were released from the Sertoli 
cell cytoplasm 46 days following irradia- 
tion. The ejaculated seminal fluid was es- 
sentially azoospernlic by Day 67 after 
irradiation. Therefore, the maximal transit 
time is 21 days * 1. 
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