
P VRTILITT AND bTERlLITT 
Copyright Q lOi0 by Tlrc Williams d; Wilkioa Co. 

Vol. 21, s o .  5 hlay, lY;L 
l ’ r t n k d  i n  C.S.A 

IATOZOA THHOUGH THE €IURIAIV MALE 
DUCTULAR SYSTERl * 

MAVIS J.  ROWLEY, 13. S., FLORENCE TESIlIhlA, AND CARL G. HELLEII, MD., PH.D. 

c Korlhwcsl Research Foundalion, I102 Coluarbia 

I 

I 

1 

I 

b 

... 

3 0 0 2  1 5  i 



Vd. 21. No. 5 May. 1970 
P r i d e d  in 5.S.A 

DURATIOIV OF TRANSIT OF SPERMATOZOA THROUGH THE HUMAN MALE 
DUCTULAR SYSTEM* 

MAVIS J. ROWLEY, 13. S., FLORENCE TESIIIMA, A N D  CARL C .  IIELLER, M.D., P1r.D. 

Division of Reproduclive Physiology, l’aciJc A’orlhwesf Research Foundafion, 1102 Columbia 
Sfreef, Senffle, Washingbn 

The time of development of spcma- 
togonia to mature spcrrnatozoa within the 
Sertoli cell cytoplasm has bccn established 
for the human.” The timc of transit from 
tlic rclcase of tlic spcrmatozoa from thc 
Sertoli cell cytoplasm to tlicir alilxaraiicc 
in thc ejaculate has not becn dctcrmined, 
with any precision, for thc human. n’e 
thcrcforc proposed to cstablisli the most 
rapid, the averagc, and the maximal ductu- 
lar transit timc for huinan spcrmatozoa. 

Table 1 summarizes ductular travel 
time as estimated and/or detcmined ex- 
pcrimcntally for scvcral spccics of mnm- 
mals. 

a 

MATERIALS AND METHODS 

Adult normal male volunteers (age 2 6  
40) wcrc dividcd into two groups. Repro- 
ductivc normalcy was dctcrinincd by lior- 
monal determinations, sperm counts, and 
testicular biopsy cxamination. A group of 
5 subjects wns givcn intratcsticular injcc- 
tions of tliyniidinc-H3 at  four sites in cach 
tcstis for a total of 80 pc. Thc sccond 
group of 9 mcn rcccivcd tcsticuln: X- 
ray irradiation of 100 or 300 r. Two of 
tlicsc subjccts were’ first injcctcd with 
thymidine and then iniiiicdiatcly irradiatcd 
with 100 r. Each of the voluntecrs wcrc 
candidates for vsscctomy, which was pcr- 
forincd at  thc tcrniiitation of thc invcsti- 
gation. 

r ThyLdine- IP.  Scminal fluid was col- 
lected weekly, following 3 days of absti- 

This investigation n-ns made possible by 
grants-in-aid from thc Atomic Energ. Coniinis- 
sion. AT(45-1)17SO. and the National Institutes 
of Health, (LID OOSO.1). 

ncncc, for thc first 30 days following in- 
jcction of thymidinc-H3. From this time 
forward, cvcry cjacul&c was obtained and 
analyzcd. Subjects wcre requcstcd to sub- 
mit sainplcs cvcry third day if possible. 
Each sl)cciincn was nnalyzctl by 2 tech- 
nicians using thc lpmocytorneter mcthod. 

Radionu tographs were madc from smears 
of caclt scuiital fluid spccinicn. Tlic smcnrs 
wcrc coated with Diaphanc, fixed in 95% 
alcohol, and stained with Casarctt’s stain.3 
Radioautography was done with Kodak 
NTB-3 Kuclcar Track Emulsion using a 
“loop” mcthod. Exposurcs wcrc from 21- 
280 days with subscqrient dcvelopmcnt in 
a two-stagc tlcvclopcr.20 

Counts of lnbclcd spcrmatozoa wcrc 
inadc 011 each slidc and rcportcd as cclls 
labclcd/1000 counted. Only those spcrma- 
tozoa having 4 grains or niorc/nuclcus wcrc 
includcd. All slides were coded for count- 
ing. 

X-ray Irradiation. X-ray irradiation 
was adm~nistcrctl from a unit fcaturiiig 
twin X-ray tubcs wthin n lead-lincd box 
cspccially dcsigncd for this purposc. Tlic 
pnticnt lay pronc over tlic unit with his 
testes suspcndcd i n  a Plcxiglas cup filled 
with water a t  scrotal tcnipcraturc. Thc 
rcniaiiidcr of thc body was fully pro- 
tcctccl hy thc lead shiclding. Dosirnctry 
rcvcalctl uniforin dclivcry within k0.5 r. 
a t  any point u-ithin tlic Plcxiglas cup. 
Thosc subjects unclcrgoing tcsticular X-ray 
irratliatioii collectcd seminal fluid once 
wcckly throughout thc cspcrimcnt. Thosc 
g ~ c n  hot11 X-ray irradiation and thymi- 
dtne-H3 followcd thc collection schcdulc 
given for tliyinidinc-IP. 
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TABLE 1. Ducfular Travel Tinre 

Median or 

Transit Time 
species Range of Authority Method 

Rat 

Mouse 

Guinea pig 

Hams tcr 

Rabbit 

Ram 

Bull 

L 

Boar 

Man 

day5 

19-22 
1-14 

15 
13 

1-7 
s 

17 

14-19 
22-25 

9-10 

8-10 
5-8 
4 4  
9-10 
4-7 

12-15 
10-14 
13-15 
7 
9 

11 

8-1 1 
8-11 
8-10 
8-11 

9-12 

13-14 

35 

14-21 
5-12 

19-23 
7 +  

19-23 

14 

b 

Clubb' 
Jnckson" 
Machlillnn and IIarrisonl* 
Grnnt' 

Jackson" 
Oakbcrg and Diblinno" 
Sirlin and EdwsrdsJo. 

Toothill and YoungJ4 
Clubb' 

Clubb' - 
Swierstra and FooteJa 
Hunt and Footel' 
Amann, Iioefoed-Johnscn, and Levi] 
Orgcbin-Crist*' 
hhcMillan and Harrison" 

Ortavant, Orgebin, nnd Singha' 
Dawson' 
Or t nvnn t 1' 
Polovcevn** 
Phillips nnd hlcIicnzie*7 

Gunnlo 

Orgebin-Crists 
ICoefoed-Johnscn16 
Ortnvant, Orgcbin, and SiiiglizC 
OrgebiiP 

Swierstra'l 
Singh" 
Ortnvant, Orgcbin. and Singh" 

h lnchod nnd Goidla 

Macleod17 
Czerniak' 
Edwards' 
Freund and Davis8 
Brown' 

India ink 
No supporting data  
lladiopnque 
Trypan blue 

No supporting data  
X-ray 
Adenine 8-C" 

Indin ink 
India ink 

India ink 

Thymidine-HJ 
Thymidine-NJ 
Thymidine-HJ 
Thymidim-HJ 
ltadiopaq tie 

PJ' 
PJZ 
PI' 
Epididymnl ligature 
Appcarnnce of abiiormal 

sperm nltcr hcnt 
Indin ink 

Ductular depletion after high 

No supporting data 
P a 2  

Castration 
Vasectomy 
lhcovery time alter illness 

temperature 

RESULTS turation proc,css is the prclcptotcne spcrma- 
Thy?,~idine-H3. Thynlidinc-Ha is in- tocytc." I t  takes 46 clays from thc time 

corporated into tlie dcoxyribonuclcic acid of lnbcling of tlie prclcptotcnc cell until i t  
of the nuclei of germinal cells. I n  man, becomes n spcrmntozoon rcady for re- 
the most ndvanccd iabeled cell in the ma- lcasc. During this tirnc, it undcrgoes de- 

s ,  ' 

I 
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FIG. 1. Labeled spcrin:~tozoa found in CA I1 
46 days after thymidine-H3 injection. Xote  resitlual 
bodirs along edge of lumen, X 1200 (from Hcllcr 
and Clermont"). 

vclopment as a spermatocyte, maturation 
and division, and further development as 
a spermatid. Such labeled spermatozoa 
about to bc released are seen 46 days 
after labeling in Fig. 1, along with the 
residual bodies of companion spcrinatozoa 
that havc rccently left thc Scrtoli cell 
cytoplasm. This, then, becomes Day 0 in 
the timing of tlic transit of the spcrrnatozoa 
through tlic ductular system. 

S-raU Irradiation. X-ray irradiation, 
which applies 100 to 300 I-., causes dis- 
ccriiiblc damage t o  thc sperniatogonia in 
man within 4-6 11r.l~ Nonc of the sper- 
mntogonia uiidcrgo mitosis to beconic prc- 
lcptotcnc spcrmatocytcs. At  this X-ray 
dose, iione of thc prclcptotenc spermato- 
cytes or any of tlic cells,moi-c advanced 
in their niaturation arc affected. Thcy pro- 
cccd through thc maturation process nor- 
nialiy iii bot11 numbcrs ancl rntc. Spcnna- 
tozoa arc scen as the last rcmnining 
germinal cclh lcaving tlie Sertoli cell 
cytoplaein 46 clays following irradiation. 
Figure 2 reveals a few remaining spcrnia- 
tozoa on Day 46 just cnicrging from thc 
cytoplasm along with thc rcsidunl bodice 
of the coinpanion sj~crn~atozoa, ~vhich havc 
just precedcd tlicni into thc Lubular lu- 

men. Day 46 following irradiation thus be- 
comes Day 0 of the transit time consumed 
during rcsidence in thc tubular system. 

Most Raptd Transit Time. Each of the 
nicn injected with tritiated thymidine re- 
vealcd labclcd spermatozoa by Day 1 or 
in the first cjaculatcd spccimcn collcctcd 
aftcr Day 1 (Fig. 3) .  80 subjcct had 
labclcd spermatozoa in the cjaculatc prior 
to Day 0. In 1 subjcct, labeled sperma- 
tozoa appeared on Day 0.. Of 4 collecting 
011 Day 1, 3 rcvealcd Inbclcd spcrniatozoa 
and 1 failctl to do so. In thc latter, tlic 
first Inhc.lccl sl~crmntozon wcrc olwrvcd in 
the ncxt spccimcn collected (Day 15). 
Thus, wc obsci-vcd labeled spermatozoa 
by Day 1 i n  4 subjects. I n  the fifth sub- 
ject, no cjaculatc was obtained between 
Day 1 and Day 15. 

Average Transit Time. Average transit 
time was dctcrmincd from the time that  
thc maximal number of labelcd spcrmato- 

FIG. 2. Slwnmntozon and rcsidiial bodirs foiintl 
in CA I1 46 tl:iys after S-my irr:idintion with 100 r.  
Tlrr otlrrr rei1 pl-cscnt within the tubulc is a Scrtoli 
ccll. x 1200. 

! 
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40 46 

DAYS 
a FIG. 3. The times of semcn collection in 5 subjects who had rcceived lhymidinc-11'. Day 0 is Day 4G 

after thymidine-133 injection (Subjects A ,  B, aad C) and thymidine-11' plus X-ray irradiation (Subjects 
D and E). Tlic block bars indicate 110 labeled spermnlozoa, slripcd bow, lnbelcd spermatozoa, arid while 
bars show the days that no collections were made. The specimeirs contnining the largest number of 
labeled sperm/lCGO for Subjects A ,  B, C, D, mid E wcre rollected on 12, 12, 11, 15 and 8 days respec- 
tively. Note absence of labeled spermatozoa in  semen collected on Day 29 i u  Subjects D and E, who 
also received X-ray irradiation. 

I 

FIG. 4.  Labclrtl spermatozoa from the cj:iciilatc 
of a suhjccl 5s says after the injection of thymi- 
dinc-H'. X 1200. 

3 0 0 2  

zoa (Fig. 4) appeired in the smears. The 
wodc as wcll 2s the median were found by 
statistical analysis to be 12 days for each. 
Thc inasimnl numbers of labeled spcrma- 
tozoa werc found on Days 12, 12 and 11 
for thosc receiving thymidine-H3 alone. 
Figure 5 illustratcs the first appearance of 
labclcd spcrmatozoa and the greatest con- 
centration of labclcd spermatozoa for 2 
bypica1 subjects. The 2 subjects who re- 
ceived X-ray irradiation a t  thc same time 

r 

1"5 5. 

0 5 10 IS 20 

46 51 56 

D A I S  

FIG. 5 .  Tlic nunibcr of Iahelrd spcrmatozon/1000 
in 2 suli1cctS ( A  ant1 C) in]ectctl with tlivm~d~nc- 
H'. D:ij 0 1s D:iy 4G after tliymldlnc-€I' Injection. 

rcvcnlcd thc inaximal number labeled a t  8 
and 15 days (thc inidpoint bcing 11 or 12 
clays), 110 samples having been collected 
bctwccn 8 and 15 days in either subject 
(Fig. 3, Subjccts D and E). 

Uazimul  Transit Time. Thc maximal 
transit tinic cannot bc dctcrmined with thc 
usc of thymidinc labcling alonc because 
thc sl~crniatogonia as wcll as thc prelepto- 
tcnc spcrmatocytes arc labclcci with thc 
isotopc. Tlic rcsulting labelcd spcrnintozoa 
continucd to be ercrcted for a long pcriod 
aftcr thc spermatozoa resulting from la- 
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travcling through thc ductular system de- 
pends not only upon the data and their 
analysis as presented in thc results but I - VPM183 also upon the assumption that Day 46 i 

' j  

i 

after thymidinc injcction and/or X-ray I 

l 
irradiation (the time of prclcptotcnc ma- 
turation into spermatozoa) is really Day 
0 of transit time as well. 

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

5 K) 15 20 tliyiiiidinc-H3 labeled) .rcvcals that  no 

sociations (CA) I and 111, which precede 
and follow CA 11." Thus, all spermatozoa 
arc rclcascd from thc Sertoli cell cyto- 
plasm during CA 11, which has a duration 
of 2.7 dnys.12 It is not apparcnt from ex- 
amining CA XI at what cxact timc within 
the CA rclcasc occurs, but it is hypothe- 
sized that the majority arc released on 
Day 46. Ncithcr the beginning nor the end 
of rclcasc has been further determined. 

I t  has bcen assumed in this papcr, for 
thc purposc of clarity and practicability, 
that the release occurs only during a 1- 
day period. We alrcady know that re- 
lcasc is not an instantancous or simul- 
tancous proccss. This is demonstratcd in 
Figs. 1 and 2 in which spermatozoa still 
hcld within the Sertoli ccll cytoplasm are 
associatcd with the residual bodies of 
spcrmatozoa already rclcased. It may be 
that somc spcrmatozoa are, in fact, re- 
leased bcfore Day 0. Since Day 46 is only 
0.7 days into CA 11, this cannot occur 
any sooner than 1 day bcforc Day 0 and 
probably involves only a minority of the 
spermatozoa. Hence, the early rcleasc will 
have no bearing on the median or maxi- 
mal transit time, but may cause an error 
in tlic most rapid transit timc so that i t  
becomcs 1 day morc than assumed in the 
resul ts. 

Czerniak5 used traccr doses of radio- 
active phosphorus injected intravenously 
to try to determine thc timing of human 
spermatogcncsis and spermatozoan travcl 
timc. Unfortunately, his measurcmcnts 

I 

I 

& 

6'11''1'''1'''''''''''' 
v) 

DAYS spcrinatozoa are evcr found in ccll as- i 
FIG. 6. The depletion of sperm count in 2 men 

irradiated with 100 r. (VPM 234) and 200 r 
(VPM 183) of X-rnys. Day 0 is Dny 4G niter 
irrndintion. 
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beled preleptotene spermatocytes were 
gone. Therefore, the irradiation study was 
necessary to establish the maximal travel 
timc. Thc tcsticular irradiation of 9 men 
(including thc 2 receiving thymidine) re- 
sulted in a maintenance of sperm count a t  
normal preradiation lcvcls for the first 
46 days until Day 1 of transit time. A t  
this timc spcrm count began to drop and 
continucd to decrease until only an oc- 
casional spermatozoon was found in thc 
ejaculatc on Days 20-22 (Fig. 6). Allow- 
anccs must be made for the fact that the 
regular day of collection after irradiation 
varied. Therefore, 1 subject may havc col- 
lected on Days 0, $7, 14, 21, and 28, 
whilc another might collect on Days 1, 8, 
15, 22, and 29. It shpuld be noted that the 
last labeled spermatozoa in thc scminal 
fluid in thc 2 subjects injected with thymi- 
dinc-H3 and then irradiated wcre also ob- 
served in each on Day 22. Little individual 
variation was found. All injected with 
thymidine-H3 sliowcd labeling on Day 0 or 
1 or the first day a sample was available 
(Fig. 31, and all irradiated with X-ray 
were depleted or spcrm by 21 -C 1 days. 

DISCUSSION 

Thc precision o f .  this mcthod for dc- 
termining thc most rapid, the average, and 
the maximal transit time of spermatozoa 
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were not accurate in regard to the timing 
of spermatogcnesis. He has subsequcntly 
been proven incorrect by the thymidine-H3 
work reported by Heller and Clcrmont." 
Thc combination of the times that hc gives 
for spermatogcncsis and transport (2 weeks) 
probably reflects transport timc alonc. Al- 
though it is known that Pa can label 
sperniatogonia,G Czerniak did not continue 
his experiments long enough to obscrvc 
ejaculatcd spermatozoa that had been 
labeled when they wcrc in their spcrma- 
togonial or cven spcrmatocytc sb t c .  

The usc of tritiated thymidine as a tracer 
to measure transit time is a technic de- 
vclopcd relativcly rccciitly (see Tablc l ) .  
Only one study has bccn donc utilizing 
X-ray irradiation to detcrmine transit 
time. Oakberg and DiMinnoZo determined 
the average transport time in the mouse 
to bc 8 days using this technic. 

The combination of X-ray irradiation 
and thymidine-H3 labcling to determine 
travcl time has not been applied to this 
problem previously. Without this doublc 
dctcrmination, precision timing of either 
thc most rapid, or slowest transit of a 
group of spermatozoa rcicased from the 
Sertoli ccll cytoplasm a t  the same time 
cannot be mad:. Thymidinc-Ha labcling 
will not allow definition of thc maximal 
transit timc. Othcr invcstigators have 
bccn limitcd ttt determining only one or 
the otlier prcciscly. Wc fccl that thymidine 
and X-ray arc a ppticularly useful com- 
bination to bracket thc travcl time with 
precision. 

SUMMARY AND CONCLUSION 

Thc timc of transit of human spcrma- 
tozoa through the male ductulnr system, 
from rclcnsc from the Sertoli ccll cyto- 
plasm to their appcarancc in thc cjacu- 
latc, has bccn dctcrniined using two 
mcthods of dating. These two methods wcrc 
inutually confirmatory. The shortest tran- 
sit timc was 1 day, thc incdian transit time 

12 days, and the maximal transit time 21 
days. 

Tritiated thymidine-labeled sperm are 
released from the Sertoli cell cytoplasm 
into the scminifcrous tubule lumen 46 
days after intratesticular injection of the 
isotopc. A fcw labeled sperm appear in the 
cjaculatc on Day 46. hlaximal labeling is 
observed between Day 54 and Day 61 
following isotopc injection. Thus, thc most 
rapid transit timc is 1 day or less and 
the avcmge transit time is 12 days, as 
dctcrmincd by thymidine-H3 labeling. 

Applying 100 or 300 r. directly to the 
tcstcs aloiic causcd imincdiate spcrma- 
togonial dcgcncration, wldc allowing nor- 
mal maturation of all more mature cells 
of the germinal series. The last of these 
nonnal cclls wcrc rcleascd from the Sertoli 
ccll cytoplasm 46 days following irradia- 
tion. The ejaculated seminal fluid was es- 
sentially azoospcrmic by Day 67 after 
irradiation. Therefore, thc mnsiinal transit 
tiinc is 21 days 2 1. . 
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