
resected and different parts isolated. From these segments,
spermatozoa recovery was attempted. This approach is
labor-intensive and is also prone to significant errors.

Fertilization, which involves the fusion of a spermato
zoum and the ovum, is believed to take place in the am
puffic part of the Fallopian tube (6,14) and requires quite
well defined conditions. The ovulum must come in contact
with the spermatozoa in the rightnumber and at the right
place and time. Spermatozoa must reach the ampufficre
gion at that time after ovulation when the ovulum passes
through. During ascension, spermatozoa need to undergo a
complicated change called the capacitation, which is a pre
requisite for fertilization.

The number of spermatozoa entering the Fallopian tube,
the order of magnitudeand migrationspeed have not been
reliably established. In addition, passive transportreport
edly occurs soon after insemination (15,17).

In this paper, we describe a method for radiolabehing
spermatozoa without significant damage. By using radiola
beled spermatozoa, spermatozoa transport and migration
dynamics in the female rabbit genital tract were noninva
sively and precisely measured using scintigraphic tech
niques.

METhODS

Radlolabellng of Spermatozoa
Technetium-99m-hexamethyl propylene amine oxime (HM

PAO)is a radiopharmaceuticalthatallowsgentleandstablelabel
ingof spermatozoa.Thelabelingtechniqueforhumanspermato
zoa has been describedelsewhere (18). MaximumHMPAO
concentrationand maximumspecificactivityresultedin the high
est labelingyield.Inthisstudy,thesamefindingwas established
forrabbitspermatozoaobtainedfromfivemalerabbitswithnor
malspermiogram.

The ejaculatewas centrifugedat 500 g andthe spermatozoa
pelletresuspendedin andincubatedwith @Tc-HMPAOimme
diately after its preparation.After incubation, the spermatozoa
werewashedthreetimesusing1 mlof Ham'sF-10solutionwith
intermediate centrifugations and resuspension in a fresh solution
(19).Finally,thespermatozoawere suspendedin 1mlof nutrition
solution (Ham's F-10 plus serum). Spermatozoa motility was
checked at different points during the preparation by counting the
fraction of motile spermatozoa in a counting chamber. The num

Dynamic in vivo imaging of spermatozoa radiOlabeledwith
@rc-HMPAOin the female gen@altract was performednoun

vasively.Animalstudies were performed under a varietyof in
semina@oncond@bonsand theirinfluenceon the dynamicsand
number of spermatozoa in ascent was demonstrated. Sperma
tozoa motilitywas not significantlyreduced by radiolabeling.In
vitroand invivolabelingstabilitywas >93% after 18 hr. Female
rabbits were inseminated with labeled spermatozoa and dy
namic santigraphic studies were performed up to 12 hr after
insemination. The in vivo behavior of labeled spermatozoa was
similarto native spermatozoa. Absolute spermatozoa numbers
could be detem*ied noninvasivelyand reliablyat differentparts
inthe female genitaltractat varioustimepOintSafterinsemina
thn.

J NuciMed1993;34:1134-1139

. here is an increasing awareness of the problem of in

fertility. Some studies have suggested that up to 40% of
men or women may be infertile (1). Several methods of
evaluating infertilityare now available, includingradionu
chidehysterosalpingography(2,3) which evaluates the pa
tency of the Fallopian tubes. Since it is known that cervical
mucus may be penetrated by particles but not by fluids
(3,4), a physiological test for spermatozoa migration could
also be of great utility.

Investigations in this direction, however, have been per
formed almost exclusively in animals (5,6). There are only
a few preliminarydescriptions in the literatureconcerning
spermatozoa numbers and transit times in the human fe
male genital tract (7â€”12).These studies, however, were not
standardized and were investigated only at one timepoint:
post coitum (13).

More precise studies conducted in animals were all in
vasive, wherein animals were killed at defined timepoints
afterinseminationor copulation. The genital tractthenwas
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labeledwith 75 MBq @â€œTc-HMPAO.The incubationof sperma
tozoawasrestrictedto 10mm,sincerabbitspermatozoaaremore
vulnerablethan humanspermatozoa.After labeling,the number
of motile rabbit spermatozoa was reduced by about 10%when
comparedto untreatedcontrolsof thesameejaculate.

Inaddition,spermatozoalabeledwithâ€˜111n-oxinewerestudied
and optimized to obtain a double nucide investigation. Labeling
with â€œIn-oxinealso resultedin a high labelingyield, but the
stability is much lower. Indiwn-ill-oxine labeling reportedly in
duces a considerabledecrease in spermatozoamotility(20).Be
cause â€œIn-oxinewas used for dead spermatozoa only, this aspect
was not investigated here.

In order to identify the subcellular structures to which @Â°@Tc
HMPAO binds, labeled spermatozoa were fragmented by repeti
tive freezing or ultrasound. Fragments were separated using re
peatultracentrifugationor densitygradients.Ultracentrifugation
employed600g for10mis toseparatethenuclei,8000g for10mm
for mitochondria,25,000g for 10 mm for lysosomes and 150,000,
for 60 miii for the im@@mes. After each centriuugation,the
pellet containing the structures mentioned above was collected
and the supernatantwas centrifuged in the next step. The final
supernatant contained soluble enzymes only. The activities in the
individualpelletsandthe finalsupernatantwere measuredand the
ratio of the activity in each fraction over the total activity is
displayedinFigure1.Ultracentrifugationusingadensitygradient
resulted in a â€œstackâ€•of differentdensity bands defined by the
characteristics of the medium (Percoll@)containing the cell frag
mentsof correspondingdensity.

Technetium-99m-HMPAOwas boundmostly to solid struc
tures, predominatelyto the nucleus, of the cell. Only about one
third was found in the cytosol, which explainsthe high labeling
stability.

InVivo Studies
This study (Table1)was designedto determinewhether:

1. The label is stable in vivo. This means that activity distri
butionis identicalto spermatozoadistribution.

2. Labeled spermatozoabehave in vivo in similarfashion to
unlabeled spermatozoa.

Therefore, female rabbits were inseminated after synchronization
by intravenousinjectionof 100IE HCG(PrimagonylÂ®,Schering
AGBerlin/Bergkamen)2 wk beforethecorpusluteumphaseand
3 wk before the study in ovulatinganimals. For the latter, an
additional HCG injection was added at 10 or 5 hr before or at the
time of insemination (corresponding to insemination at the time of
5 or 10 hr prior to ovulation), which was performed in the poste
rior vagina using standard techniques. Imaging was initiated
within 60 sec of insemination and the animals were kept immobile

TABLE I
Study Design

1. 100 - io@evenly labeled spermatozoa were inseminated 10 and 5
hrbeforeandattimeof ovulation.

2. Mditlonal studies served forqualitycontrols:
100- 10@spermatozoa were Inseminatedduringthe corpus
luteum phase.
50 - io@spermatozoa were evenly labeled and 50 . 10@untreated
spemiatozoa were applied as a mbcture.

3. A doWe nudidestudywas performedusing50 -10@spermatozoa
labeled with Â°Â°@1C-HMPAOand 50 - 10@spermatozoa labeled with

@ whichwerekilledby heatafterlabeling.

A Activity In the Cell Fragments

NucleI Mltoch. Lysos. Mlkros. SoIub Enc.

â€¢Tc-Pert. @Tc-HMPAO

B Activity in the Cell Fragments

60 _______________
Câ€”R.F@ USâ€œTc.Pâ€¢rt.chnâ€¢tst.J

1,062-1,087 1 033-1,062 @1,033

DensIty [g/mIJ

FIGURE 1. (A)Repeat uftracentrlfugationand (B) PercollÂ®den
sfty gradient. Density >1 .12 9/cm3 corresponds to nudei >1.087
and <1 .121 to solid cell fragments. Enzymes and liquids have a
density <1 .033 g/cm3. HMPAO actMty is mostly bound to solid
fragments of the spermatozoa. nuclei and mitochondna. In contrast,
incubation of spermatozoa with [@TcJpertechnetate leads to high
actMty in the fraction of soluble enzymes. Cell cracking by repeat
freezing (R.F.)or uftrasound((iS).

ber of motile spermatozoa decreased by about 10% when com
pared to untreatedcontrols of the same ejaculate.

The labelingyield (percentageof incubationactivity bound to
the triple washed spermatozoa)was 52% Â±6% and the in vitro
labelingstabilitywas 93%Â±2%after 18 hrof incubationat 37Â°C.
Todeterminelabelingstability,spermatozoawereseparatedfrom
the nutritionsolutionby centrifugationandthe activityofboth the
pellet and the supernatantwas measured. Spermatozoa motility
norsemenqualitywerenotsignificantlyreducedbyradiolabeling.
Therefore, labeled spermatozoa represented whole ejaculate.
These results coincide with those previously established for hu
man spermatozoa.

For the animalstudies, the HMPAOvial (CeretecÂ®,Amer
sham)was labeled with 3700 MBq in 5 ml of [@â€œTc]pertechnetate
generator eluate in a standard procedure in order to guarantee
standard conditions, although higher specific activities would in
crease the labeling yield. Usually, 100 - 10@ spermatozoa were
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FiGURE 2. Typ@aldynamicspermatozoasdntigram(ventral
view ofthe rabbft).Images ofthe same animal at diflerenttimes after
inseminationof 100-10@rabbitspermatozoalabeledwith40 MBq

@â€˜Tc-HMPAO.ImagesA-DwereacquiredforI mm,E and Ffor5
mm and G for 15 mm. Image A was started immediately images
B-G, 5, 10, 20, 30, 120 and 720 mm, respectively, after insemina
tion. Image A displays only intravaginalactMt@images B-D show
increasingutedneactlvfty.On D,a separationofthe twospermato
zoapools(U = uterus;V = vagina)isseen,whichisduetoa
retrograde passive transport ofthe vaginal spermatozoa Two hours
after insemination, most ofthe intr@orporaIremaining spermatozoa
are intrauterine.After 12 hr, a considerable amount of spermatozoa
have migrated through the genital tract and are found intraperito
neally.

in a special low absorptioncage duringimaging.Scintigramswere
taken at ventral views: the first 30 mmnas dynamic scans, 5
sec/frame during the first minute and 15 sec/frame thereafter.
Static scans were added at 45, 60, 90, 120,240,480and 720min
after insemination. Figure 2 demonstrates the development of
activity distribution in a typical rabbit study.

RESULTS

Therewas no suggestion of significantlabelingloss in the
in vivo studies. Animal blood contained minimal amounts
of activity. Maximumblood activity was reached about 1
hr after insemination and was 2 ppm of inseminated ac
tivity/rnl blood, which corresponds to a >99% in vivo
labeling stability. At no time was the thyroid visible. Mi
mals inseminated in the corpus luteum phase showed no
activity outside the vagina. This finding is in agreement

with established data, in that spermatozoa do not penetrate
into the cervix uteriin thatphase ofthe cycle, andconfirms
that there is neither activity resorption nor transport of free
activity.

The vitality and presence of active motion of @â€œTc
HMPAO labeled spermatozoa was proven in the double
nucide study. A mixture of 50 . 106 spermatozoa labeled
with @Tc-HMPAOand 50 . 1O@spermatozoa, killed after
labeling with â€œIn-oxineunderwent simultaneous dynamic
imaging in the @â€œTcand â€˜@â€˜Inenergy windows, respec

C
FIGURE 3. Ventral views of the rabbit visualize dynamic deval
opment of spermatozoa distribution.Double nudide imaging after
inseminationof 50 -10Â°1111n-labeleddead and @1c-HMPAO-Ia
baled motile spermatozoa. The motile spermatozoa (A)are visual
uzedin the nght FaIIOpisntube 6 hr after insemination in contrast to
the dead spermatozoa (B).Twelve hours after insemination, only a
fewdeadspermatozoa(D)are deteCtedintrauterine.However,more
than 50% of the motilespermatozoa (C) remaining in the animal at
thattimeare intrauterine.Inaddition,thereare manyspermatozoain
the FallOpiantubes and many are intraperitoneal.The left image is
caudal; the nght is cran@. F = FallOpiantube; U = uterus; V =
vagina

tively, after insemination. Figure 3 compares the distribu
tion of the two spermatozoapopulations. For the firsthour,
the @â€˜In-labeleddead spermatozoa remain mostly intra
vaginal and there was no major transport into the uterus. In
contrast, motile spermatozoa demonstrated a continuous
migration into the uterus. Equilibriumwas reached after
about 4 hr between the vaginal sperm cells migratinginto
the uterus and those leaving the abdominal cavity. Obvi
ously, motile @â€œTc-HMPAOlabeled spermatozoa are
found earlierand in much highernumbers in upperpartsof
the female genital tract (Fig. 4).

These results demonstrate a clear difference between the
behavior of the dead (â€˜111n-habeled)and in vitro motile
(99Iwi@ c-labeled) spermatozoa. Moreover, technetium-la

beled spermatozoa retainedtheir motility in vivo. In addi
tion, these studies demonstrate an apparentpreference of
motile over amotile spermatozoa in ascent. Therefore,
evenly labeled spermatozoa were compared with a 50%
mixture of labeled and unlabeled spermatozoa. No signif
icant difference between these groups was found (Fig. 5).
Along with the established â€œsortingmechanism,â€•one may
conclude that labeled spermatozoabehave like native sper
matozoa.

Besides the basic methodologicaspects, these studies
established important results concerning spermatozoa as
cension:

1. Insemination of a small number of spermatozoa
(1 . 106) results in a 5â€”10times higher portion of as
cending spermatozoa thana largeramount (100- 106).
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FiGURE4. Timedeveiopmentofspermatozoanumbersforrep
resentativeparts of the femalegenitaltract nOrmalIZedto the total
number of spermatozoa remaining in the animals at respective
times. Simuftaneous examination afterinsemination of each 50 - 10@
111ln-labeled dead and @rc-HMPAO-labsied motile spermatozoa

Averaged data for three animals are presented.

2. The closer to ovulation that inseminationoccurred
the faster the spermatozoa ascended. Rapidtransport
into upper segments of the genital tract after insemi
nation was demonstrated, even with dead spermato
zoa.

The number of spermatozoa accumulated in the Fallo
pian tubes was found to be high, usually in the tens of
thousands, and ranged from undetectable to exceeding
300 . 10@in some animals. The earliest detection of sperma
tozoa in the Fallopian tube was 5 mm after insemination
and 30 mm for the peritoneal cavity. Figure 6 compares
results gained from 100 - 10@evenly labeled spermatozoa,
including seminal plasma, inseminated 10 and 5 hr before
and at the time of ovulation.

Radiationexposure was calculated accordingto the pro
cedure reported by Makrigiorgos (21) and was found to be
about 350 mGy for labeled spermatozoa, assuming 100 . 10@
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FiGURE 5. Devsiopment of spermatozoa populations after In
seminationduringovulationfordifferentpreparationsofthe insemi
nate. 1 M = 1 - 10@spermatozoa labeled even withÂ°Â°@rc-HMPAO;
100 M = 100 - l06spermatozoaeventy labeled with @rc-HMPAO;
and 50/50 = 50@10@Â°@rc-HMPAOlabeled and unlabeled spar
matozoa Data are averaged for five animals.

B Distribution of Motile Spermatozoa
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spermatozoa labeled with 4 MBq, and <2 mGy for the
ovaries.

DISCUSSION

HMPAO allows stable and gentle high yield labeling of
spermatozoa. Thus, @Tc-HMPAO-labehedspermatozoa
allow the physiological investigation of spermatozoa as
cension in the female genital tract after insemination. Be
sides dynamic imaging, numerical results can be obtained
with high accuracy. If the numberof inseminated sperma

0

Number of Intrauterine Spermatozoa
Insemination 10 h or 5 h Prior to or at Time of Ovulation

FiGURE 6. Devsiopment of spermatozoa populations after in
seminatlon of 100 - 106@@@ at different
timesinrelationto ovulation.â€”10h = inseminationabout10hrprior
to inducedovulation;â€”5h = Inseminationabout 5 hr priorto in
duced ovulation;0 h = insemination at about time of induced ovu
lation.
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tozoa is known, even the absolute numberof spermatozoa
can be determined at any segment in the genital tract at any
time.

Other studies to date required killing the animals at a
given time. Therefore, dynamic information in the same
animal was never available. After killing, the genital tract
was resected and spermatozoa recovery was attempted.
This procedure is difficult and prone to errors. There may
be a redistribution during death or contamination of parts
of originallylow spermatozoa concentrations duringprep
aration. In addition, spermatozoa recovery has a low and
varying yield (14,423), which may explain contradictory
spermatozoa numbersin the genitaltract. In previous stud
ies, the uterine section of the Fallopian tube was difficult to
investigate (24) and was often not taken into account, al
though high spermatozoa numbers would have been ex
pected (6).

To date, studies have focused on spermatozoa discov
ered in the Fallopiantubes and in the cervix uteriand have
not addressed the abdominalcavity. Tempelton and Mor
timer (11) did attempt quantificationof postcoital sperma
tozoa in the Douglas secrete and estimated about 10,000.
Information concerning vaginal spermatozoa numbers is
also scarce. Morton and Glover (25) reported a loss of
â€”98%of inseminatedspermatozoawithin4hr.Thatresult
is in conflict with those of the present study and might be
explained by a low recovery efficiency. For all parts of the
genital tract, the spermatozoa numbers detected in this
paper are much higherthan those reportedin conventional
studies. Four hours after inseminationof 100â€˜10@sperma
tozoa, we detected up to 25 -10@in or close to the cervix
uteri, in contrast to 2 - 10@describedby Morton and Glover
(26). The number of tubal spermatozoa is so far uncertain,
even with respect to the order of magnitude. Morton and
Glover (25) recovered <3,000 of 5,000 . 10@inseminated
spermatozoa in the Fallopiantubes of rabbits.Similarstud
ies by Hunter and Nichol (14) yielded <2,000. Ahigren's
post-coitum study of women (13) found no more than 24
intratubalspermatozoa. At the high end, Harper reports
800 to 55,000 (27) and Mroueh (28) 120. 10@spermatozoa in
the Fallopian tubes of rabbits. In the present study, reliable
numbers could be measured reaching up to 300- 10@after
insemination of 100- 10@spermatozoa. Again, the differ
ence is most easily explainedby insufficientrecovery in the
conventional studies.

With radionucide investigation, abdominal spermatozoa
could be reliablydetected. Ournumericalanalysis demon
stratedup to 200. 10@intra-abdominalspermatozoa at 12hr
postinsemination, which corresponds to about 25%of in
tracorporally remaining spermatozoa. Because of tremen
dous recovery problems, there are no comparable results
available from conventional studies.

The double nudide studies demonstratedtransportation
of dead spermatozoa to upper parts of the genital tract,
which confirms passive transport(4,29,31). This transport
was not resLrictedto the first minutes after insemination
but also occurredspontaneously at latertimes. This finding

is in agreementwith Overstreet and Tom (17), who report
muscular contractions in the first 5 min after insemination
and again several hours later. Dandekar et al. (15) and
Noyes et a!. (16) neglected to note fast transport or the
transport of dead spermatozoa through the cervix uteri.

In a comparison of ascension speed, it was found that
hateinsemination, in respect to ovulation, results in more
rapid ascendency. This would seem to be a reasonable
physiologic mechanism and was previously observed by
Yanagimachi and Chan (32) in chinese hamsters.

In conclusion, @9@c-HMPAOappears to be an ideal
radiopharmaceutical for the gentle and stable radiolabeling
of spermatozoa. The labelingyield was high, invivo animal
studies demonstrated preserved motility and there was no
evidence of signifIcantdegradationwhen compared to un
labeled spermatozoa. By using this tool in fertility re
search, dynamic spermatozoa distribution in the female
genital tract after insemination may be followed noninva
sively, relevant structuresof the tract can be scintigraphi
cally defined and reliable absolute quantification of sper
matozoa numbers in these structures can be established.
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