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Abstract. The research studies sperm migration of drones labeled with fluorescent
membrane probes in the reproductive system of bee uterus under various variants of its
artificial introduction. It is established that individual doses of sperm of different drones
when introduced into the fallopian tubes of the uterus, migrating into the spermateca
are placed in layers without significant mixing. It has been found that in odd and even
oviducts, sperm lose mobility. On the contrary, with the introduction of sperm into
the area of the vaginal opening of the bee uterus, the sperm continue to actively move.
It has been proven that during the physiological function of sperm leakage, spermateca
from the various portions in the area adjacent to the family line are blotted for egg
contamination. The introduction of semen into the area of the vaginal opening with
a single portion of several drones helps to mix it in the process of migration in the fallopian
tubes and sperm. On the contrary, with the unique introduction of fluorescent membrane
probes labeled with doses of sperm of drones at certain intervals, it is possible to direct
the reproductive activity of the uterus to obtain predominantly homogenous offspring
of parental origin. In this case, the introduction of the sperm of different drones are placed
in the spermateca of the uterus in layers, without significant mixing.
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Introduction.

Drones’ sperm, after natural breed-
ing or artificial deposition, migrates in
reproductive tracts of the queen bee,
then it gets into spermatheca to be
stored for a long time and is used for
fertilization of eggs. The question of
further individuality of its portions un-
der the single live covering, physiology
of viability of spermatozoids and ef-

ficiency of fertilizing process by them
during the whole period of egg deposi-
tion, is still considered to be just about
the most important one in the biology of
reproduction of individuals of species
Apis mellifera L. (Ruttner, 1976; Rut-
tner, 1984; Ruttner, 1989; Schley, 1988;
Scrive, 1989; Winston, 1991, Woyke,
Lasinski, 1992).

Our histological research of the re-
productive system of queen bees, which
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got the marked sperm from different
drones into the unpaired oviduct, es-
tablished definite common factors of
spreading of reproductive production
of drones in the spermatheca. Howev-
er, the results received are not sufficient
enough for precise analysis of sperm’s
migration processes in the reproduc-
tive organs of the queen bee. In natural
conditions, a queen bee can fly out for
breeding several times and pair with a
different number of drones. In the pro-
cess of pairing, sperm can initially get
into the zone of the opening of the va-
gina and later migrates to the oviducts.
Besides, each drone produces a dif-
ferent amount of sperm. So, as a rule,
portions of sperm different in size and
volume penetrate the reproductive tract
of the queen bee. Migrating from the
oviducts unequal number of spermato-
zoids of different drones will also pen-
etrate spermatheca. That is why there is
anecessity of further research migration
of drones’ sperm in reproductive tracts
of queen bees.

The purpose of the research is to
study the peculiarities of migration of
drones’ sperm in the reproductive tracts
of queen bees under conditions of un-
natural injection of reproductive stuff in
the opening zone of the vagina.

Research methods.

To carry out these experiments, we
used our unique methods (Brovarskiy,
1987; Brovarskiy, 2000). Unmated
queen bees, coming into the breeding
period, (n = 5) were divided into three
groups. The queen bees in the 1% group
got drones’ sperm labeled with fluo-
rescent membrane probes only once
and those of the 2™ and 3d groups — 3
times in the zone of vagina’s opening,
using an artificial mating sign (Browar-

skij, 2004). Each queen bee of groups
1 & 2 got 9 mcl of sperm marked with
(the amount of each marked portion
was 3 mcl). For the queen bees of the
3d groups other amounts of sperm were
used, which were injected (correlation: 2
mcl with probe A, 5 mcl —probe B, and 2
mcl with probe C). Once the queen bees
started laying eggs, they were removed
from the brood nests, fixed, embedded in
the thickening material and their repro-
ductive system undergone histological
research (Brovarskyi, 1999). Received
histological slices were examined un-
der a microscope MBI-15 (magnifying
power appr.8x 10), described and then
photographed.

The results of the research.

Based on the conducted research,
there were received histological slices of
the reproductive organs of the queen bees,
some of them are shown in pictures 1-11.

In the first experimental group,
where the queen bees were fixed 5 min-
utes after a single injection of the la-
beled fluorescent membrane probes A,
B, and C sperm portions, the distribution
of the reproductive function of different
drones on histological slices was fol-
lowing (pic. 1). It was defined that after
an unnatural injection, sperm marked by
the probe A, filled empty spaces of the
low part of a sting chamber around the
artificial mating sign. It is explained by
the fact that it was injected into the sting
chamber the last and it pushed back the
previous portions to the walls of the
sting chamber.

Next portion of sperm, labeled with
probe B, was partly mixed with the oth-
er marked portions and was placed clos-
er to the sidewalls of the sting chamber.
A small part of this sperm was found
in the vagina over the valve. The lower

Vol. 10, N°2, 2019

ANIMAL SCIENCE AND FOOD TECHNOLOGY

ISSN 2706-8331 | 13



B. 1. bposapcbKuli

3" 4 5 6 7' 8

Pic. 1 Sagittal section of the
reproductive system of the queen bee,
undergone a single injection of sperm

into the unpaired oviduct (fixation
5 min. after injection of sperm) 10x
appr.8: 1 — stingy apparatus;

2 — musk; 3 — sting chamber;

4 — artificial mating sign; 5 — sperm
labeled with the fluorescent membrane
probe C; 6 — sperm labeled with the
fluorescent membrane probe B;

7 — sperm labeled with
the fluorescent membrane probe A;

8 — vagina valve

section of the sting chamber in the zone
of the vagina valve was mostly filled
with the sperm marked with probe C.
Vagina valve, on the histological sec-
tion, at its height was vectored to the
side of the exit from the sting chamber.
At this stage of sperm’s migration from
the sting chamber to the oviducts of the
queen bee there was no intensive blend-
ing of reproductive product of different
drones, on the histological section it was
possible to clearly distinguish sections
with sperm, marked with probes A and
B. Besides, within this period any active

moving of sperm from sting chamber to
oviducts was not observed.

30 mins after the fixing queen bees
(pic. 2), stained portions of sperm partly
moved to oviducts but were not found
in the spermatheca. The sperm which
was in the oviducts was blended. In the
portions of sperm, stained by the fluo-
rescent probe C there was reproductive
product marked by probes A and B.
Walls of paired oviducts insignificantly
expanded.

In the course of the research of histo-
logical sections of the reproductive sys-
tem of queen bees, which were fixed 60
min after sperm injection, the outcomes
discussed below were established (pic.
3). Nearly 80 % of the sperm moved to
oviducts. Paired oviducts significantly
enlarged in diameter. In there, closer to

Pic. 2. Sagittal section of the reproductive
system of the queen bee, undergone
a single injection of sperm into
the unpaired oviduct (fixation 30 min.
after injection): 1 — spermatheca;

2 — stingy apparatus; 3 — sting chamber;
4 — artificial mating sign; 5 — sperm
labeled with the fluorescent membrane
probe A; 6 — sperm labeled with the
fluorescent membrane probe B; 7 — sperm
labeled with the fluorescent membrane
probe C; 8 — vagina valve; 9 — unpaired
oviduct; 10 — paired oviduct
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the ovaria, there was some sperm in less
blended condition. Here it was possible
to identify the parts where there was the
sperm labeled with probes A, B, and
C. And the biggest part of the drones’
reproductive product, from the central
part of the paired oviducts closer to
ovaria, was filled with the sperm with
probe A, the one, which was injected
into the queen bee the last. Beginning
from the middle of the paired oviducts
and further, up to the exit from the vagi-
na, the portion was so blended up that it
turned out to be impossible to find any
solid sections marked with this or that
probe of sperm. In the sting chamber,
the labeled portions of sperm were less
mixed up. Here it could be possible to
distinguish separate sections, wherein
the overall mass of the drones’ repro-
ductive product, there were clots of
sperm marked with probes A, B, and C.
By the moment of fixation, the mating
sign still remained in these queen bees.
First portions of the sperm labeled with
the fluorescent probe got into the sper-
matheca. It is conceivable that the walls
of the oviducts make some pressure on
sperm, and due to muscular activity and
movements of the belly, it starts running
to the spermatheca. We didn’t fix run-
ning out of sperm into the sting cham-
ber, as a vaginal valve and possibly bel-
ly movements still provided its coming
out from the oviducts.

Histological slices received from the
queen bees, which were fixed 60 and 80
min after injection of sperm, showed
(pic. 3-5) that sperm in the reproductive
tracts and spermatheca is in mixed con-
dition. The intensity of sperm migration
to oviducts decreases, but to the sper-
matheca, on the contrary, increases.

On examination of the histological
sections of the queen bees’ reproductive
system, which were fixed in 12 hours,
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Pic. 3. Sagittal section of the
reproductive system of the queen bee,
which has undergone a single injection
of sperm into the unpaired oviduct
(fixation 60 min. after injection
of sperm) 10x appr.8: 1 — sting chamber;
2 — stingy apparatus; 3 — artificial mating
sign; 4 — spermatheca; 5 — sperm marked
with the fluorescent membrane probe A;
6 — paired oviduct; 7 — sperm marked
with the fluorescent membrane probe B;
8 —unpaired oviduct; 9 — sperm marked
with the fluorescent membrane probe C;
10 — vaginal valve

one could see that there was no mating
sign in the sting chamber any more (pic.
6). Remains of sperm which didn’t get to
the spermatheca were mostly in the sting
chamber and an unpaired oviduct (vaginal
valve zone). All the portions of sperm,
which were in the reproductive tracts of
the queen bee, intensively mixed up.
Therefore, while moving to the ovi-
ducts portions of sperm mix up in the
sting camera. It may happen that this
process also continues in the canal of
the vagina. As for the oviducts, due to
the results of the histological research of
migration of sperm of different drones,
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Pic. 4. Transversal section of the
reproductive system of the queen bee,
which has undergone a single injection
of sperm into the unpaired oviduct
(fixation 60 min. after injection
of sperm) 10x appr.8: 1 — sting chamber;
2 — artificial mating sign; 3 — sting
chamber; 4 — sperm marked with
the fluorescent membrane probe A; B; C

received by us while applying generally
accepted technology of artificial injec-
tion of sperm, this process almost never
takes place.

It was proved that after injection of
sperm in the zone of the vagina opening,
reproductive product of drones gets to
the oviducts already in 30-60 min. This
process is evidently enabled by muscle
activity of the belly’s segments, vaginal
valve, and active movements of sperma-
tozoids. Sperm of different drones inten-
sively mixes up in the sting chamber, in
the oviducts this process almost never
happens. It is likely that in the oviducts
spermatozoids make their activity less
intensive due to some factors (secretions,
which can be exported from the walls
of the oviducts, lack of air, temperature
changes, etc.) It has a positive influence
on the processes of sperm’s migration.

Firstly, sperm won’t intensively leak out.
Secondly, efferent duct, having a short
diameter, isn’t able to maintain moving
of large portions of sperm to the sperma-
theca. Although a vaginal valve slows
down moving of sperm from the ovi-
ducts to the sting chamber, it still remains
open. (pic.1-3, 5, 6). The canal over the
vaginal valve, which is now formed, is
significantly larger than the efferent duct
of the spermatheca.

Examining of histological sections
of the reproductive system of queen
bees, which were fixed with different in-
tervals, proved that migration of drones’
sperm is actually over in a 24-hour pe-
riod. Herein, the majority of sperm,
which runs to spermatheca comes from
those portions which were in the zone
of unpaired and to the middle of paired
oviducts. The sperm which was in more
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Pic. 5. Sagittal section of the
reproductive system of the queen bee,
which has undergone a single injection
of sperm into the unpaired oviduct
(fixation 80 min. after injection
of sperm) 10x appr.8: 1 — Stingy
apparatus; 2 — Spermatheca; 3 — sperm
marked by the fluorescent membrane
probes A, B, C; 4 — paired oviduct;

5 — unpaired oviduct; 6 — vaginal valve;
7 — artificial mating sign
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remote parts of paired oviducts practi-
cally didn’t get to the spermatheca but
ran outside.

Spreading of sperm in the sperma-
theca of queen bees, to be injected by
sperm in the zone of vagina only once,
differed from what we received in the
case where the reproductive product of
drones was injected in oviducts (Bro-
varskiy, 1987). Analysis of histological
sections showed that irrespectively from
the volume ratio of the portions, which
were injected in the queen bees, the
sperm in the spermatheca was in mixed
condition. (pic. 5, 6). Examination of
sections under a microscope showed
that no regular redistributions of even
separate slots of sperm of one and the
same color of luminescence were found.

Sperm stained with probes A, B, C
spread on the entire area of the sper-
matheca practically evenly. In spite of
this, still, in some parts of histological
sections correlation changed in favor of
one of the stained portions of sperm. In
group 3 where the queen bees received
3 mcl of sperm marked with probe B
more, on the entire area of sections of
the sperm receiver dominated reproduc-
tive product, stained with this fluores-
cent probe (pic. 6).

That grounds for considering that
while migrating from the sting cham-
ber to oviducts and from there to sper-
matheca, sperm ejaculators mixed with
each other. Thus, at occurring once the
injection of sperm in the vagina zone
and at the only flight of the queen bee
for mating, the reproductive product of
different drones after the migration is
in the spermatheca in mixed condition.
Such queen bees will breed young bees,
which will have a different inheritance
on father’s succession but with domina-
tion of the drone whose sperm got to the
spermatheca in a larger amount.

4 5
Pic. 6. Sagittal section of the
reproductive system of the queen bee,
which has undergone a single injection
of sperm into the unpaired oviduct
(fixation 12 hours. after injection
of sperm) 10x appr.8: 1 — sperm labeled
with the fluorescent membrane probes A,
B, C clots of sperm in the sting chamber;
2 — spermatheca; 3 — stingy apparatus;
4 — clots of sperm in the sting chamber;
5 —vaginal valve

Analysis of histological sections of
the spermathecas of the queen bees,
which received sperm in the vaginal
zone, allowed to find out (pic. 7-11) that
at the third injection, the placement of
the layers of sperm marked with fluores-
cent probes, reminds of the distribution
typical for those queen bees in which
reproductive product was injected using
generally accepted technology (Brovar-
skiy, 1987).

Portions of labeled sperm located in
the spermatheca by way of C-shaped clots
without a presence in their zone of any
parts stained with the other probes. On the
demonstrative histological sections, it can
be clearly seen the following: reproduc-
tive tracts and positions of the layers of
sperm marked with fluorescent probes A,
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Pic. 7. Sagittal section of the
reproductive system of the queen bee,
which has undergone a single injection
of sperm into the unpaired oviduct
(fixation 5 min. after injection
of sperm) 10x appr.8: 1 — spermatheca;
2 —internal part of the filled with liquid

Pic. 8. Sagittal section of the
reproductive system of the queen bee,
which has undergone a single injection
of sperm into the unpaired oviduct
(fixation 30 min. after injection
of sperm) 10x appr.8: 1 — spermatheca;
2 — sperm marked with fluorescent
membrane probe C

Pic. 9. Sagittal section of the
reproductive system of the queen bee,
which has undergone a single injection
of sperm into the unpaired oviduct
(fixation 80 min. after injection of
sperm) 10x appr.8: 1 — stingy apparatus;
2 — spermatheca; 3 — sperm labeled
with the fluorescent membrane probe C;
4 — sperm labeled with the fluorescent
membrane probe B; 5 — sperm labeled
with the fluorescent membrane probe A;
6 — paired oviduct; 7 — unpaired oviduct;
8 —vaginal valve; 9 — clots of sperm
in the sting camera

B, C in the spermathecas of queen bees.
Analyzing these section one can suppose
that using the sperm from the spermathe-
ca, in the process of reproductive activi-
ty of a queen bee spermatozoids got into
excretory canal both from the central and
side zones located close to the exit At the
entry of sperm in the canal of the sper-
mathecal reproductive cells of different
drones mix up. This explains the presence
of working species of different origin in
bee colonies. However, the ratio of the
breed by the father’s background will
depend on the amount and disposition of
sperm of different drones in the zone of
the excretory canal of the spermatheca.
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Pic. 10. Sagittal section
of the reproductive system of the queen
bee, which has undergone a single
injection of sperm into the unpaired
oviduct (fixation 36 hours. after
injection of sperm) 10x appr.8:

1 — spermatheca; 2 — sperm labeled
with the fluorescent membrane probe C;
3 — sperm labeled with the fluorescent
membrane probe B; 4 — sperm labeled
with the fluorescent membrane probe A

Discussion.

Based on the above stated it could
be said that the way, frequency and
sequence of injection of ejaculators of
drones’ sperm into the reproductive
tracts of the queen bee influence the dis-
tribution of the reproductive product in
the spermatheca.

Taking into consideration the fact that
in natural conditions during the queen bee’s
pairing with drones, the sperm gets into the
zone of the opening of the vagina, then, in
this case, several variants of its migration in
reproductive tracts can be possible, as well
as disposition in the spermatheca and fur-
ther usage. It will depend on the frequency
of the queen bee’s pairing. For example, if
the queen bee flies for pairing only once,
the sperm of different drones will mix up

Pic. 11. Sagittal section of the
reproductive system of the queen bee,
which has undergone a single injection
of sperm into the unpaired oviduct
(fixation 36 hours. after injection of
sperm) 10x appr.8: 1 — spermatheca;
2 — sperm marked with the fluorescent
membrane probe C; 3 — sperm marked
with the fluorescent membrane probe B;
4 — sperm marked with the fluorescent
membrane probe A

during migration. On the contrary, in case
of several flights, portions of drones’ sperm
which will get into the opening of the vagi-
na, will be disposed in the spermatheca in
C-shaped layers. For a bee colony, it turns
better to have an only pairing of a queen
bee with drones.

In the case of the intensive blending
of sperm of different drones, the queen
bee during the lifetime will produce
young bees, differ by father’s breeding
background. In our opinion, presence
in a colony of generations of working
species, which differ by father’s breed-
ing background, allows honey bees to
avoid such negative consequences as
the emergence of lethal eggs, inbreed-
ing depression. Besides, working bees
in such colonies are more proof against
the action of negative factors (diseases,
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weather conditions, etc.), which has a
positive effect on their productivity and
development. On the contrary, partial
mixing up of sperm of different drones
in the spermathecal, which occurs after
repeated flights, may worsen the state
of the colonies where such queen bees
are working, as their breed, by reason of
lack of variety, will be more perceptive
to the influence of negative factors.

For the experts working at the
breeding farms, those families are more
attractive which give congeneric by
father’s breeding young bees. Using
of technology of artificial injection of
sperm allows controlling the reproduc-
tion of the offspring of known nature.
This technology, depending on the way
and frequency of injection of sperm, al-
lows, at a point, to control the process
of usage of drones’ reproductive prod-
uct. We have established the pattern
of absence of intensive mixing up of
drones’ sperm during its moving to the
spermatheca, and its injection into the
unpaired oviduct of the queen bee gives
a possibility to make corrections in this
process. A sharp falloff in the intensity
of blending of sperm in the oviducts
may be connected with less intensive
activeness of spermatozoids. To get
more congeneric offspring by father’s
breeding from the queen bees, which
were injected with the sperm of differ-
ent drones into the zone of the opening
of the vagina, only multiple intakes of
ejaculators must be done.

It is due to the fact that solitary injec-
tion of sperm of one or several drones
allows avoiding mixing up of separate
portions of reproductive of males for the
period of migration in the reproductive
tracts of the queen bee. On the contrary,
a single injection of sperm in the zone of
the opening of the vagina will result in
its blending during the period migration

to the spermatheca, and that’s why the
offspring, which will be got from dip-
loid eggs, will differ by father’s breed-
ing background.
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AHomayis. MposedeHo 0ocnidxeHHA miepauii cnepmu mpymHie, MapKosaHoi gnyopec-
UeHMHUMU MemMbPpaHHUMU 30HOamu, y cmamesili cucmemi 60X#0IUHUX MOMOK 34 Pi3HUX 8api-
aHmie if wmy4yHo20 8sedeHHA. EOxconuHi mamku 6yau po3nodineHi Ha mpu epynu (n = 5). Mam-
Ku nepwoi 2pynu ompumanu cnepmy mpymHis, MapKo8aHy ¢hsyopecyeHmHUMU MeMOPAHHUMU
30HOaMU auwe 00uH pas, a Opyeoi ma mpemosoi — mpu pasu. KoxHa mamka nepwoi ma opy-
20i epynu ompumana 9 MKa criepmu (KinbKicme KOXCHOI MO3Ha4YeHoI nopyii cmaHosuna 3 mMkn).
[na mamoKk mpemeoi epynu 8uKopucmosysanau iHWy KinbKicme criepmu, (cnie8iOHOWEHHA:
2 MK11330HOOM A, 5 MK —30HO B i 2 MK —3 30HOom C). [licns moao, AK 60X onuHi Mamku noyanu
8i0Kknadamu Aliys, ix 8idn0ea08aaAU Ma MPo8oduaU O0CNIOHEeHHA pernpodyKmuUBHOi cucmemu.
OmpumaHi eicmosnoeidHi 3pi3u docnidxcysanu nio MiKpocKornom, onucyeanu i gomozpacgpysanu.
BcmaHoeneHo, wo iHOusidyaneHi 003U crnepmu pi3HUX mpymHie 3a eeedeHHA 8 Aliyenposoou
MamKu, miepyro4u y criepmonpulimad po3miuyyromsca nowaposo 6es cymmesoz2o 3Miuly8aHHS.
3’AcosaHoO, W0 8 HeNapHOMy ma napHuUx Aliyenposooax crepmamo3soiou empa4arome pyxau-
sicmb. Hasnaku, 3a 88e0eHHsA criepMu y 30HYy omeopy rixeu 60:#0aAUHOI MamKu crnepmamo3soiou
Mpodosxyome aKMueHo pyxamuce. [JosedeHo, wo y npoueci ¢izionoziyHoi yHKYii sumoky
cnepmu 015 0b6CiMeHIHHA AEUb 8i06YBAEMbCA KYNMaXy8aHHA Crepmamo30idie i3 pi3Hux nopyl
Y 30Hi, Wo npunseae 0o cim’anposody. BeedeHHs criepmu y 30Hy omeopy nixeu 00HOPA308UMU
MOPUIAMU KinlbKOX mpymHig cripuse amiwysaHHo ii 8 npouyeci miepauii e aliyenposodax i criep-
monpulimayesi. Hasrnaku, 3a yocobseHo20 88edeHHA MAPKOBAHUX (hyopecyeHmMHUMU mMemb-
PAHHUMU 30HOaMU 003 CriepMu mpPymHig Yyepes NesHi MPOMIXKU YaCy € MOHAUBICMb CIIPAMO-
sysamu 8i0meopHy OifsbHiCMb MAMKU HO 00ePHAHHSA MepesarHo 00HOPIOHO20 MOMOoMCMea
30 60MbKIBCLKUM MOX00HEHHAM. 3a 4b020 8apiaHMy 88€0eHHA CrepMa Pi3HUX MPYMHi8 po3mi-
wyemeocsa y cnepmonpulimadi Mamku nowaposo, 6e3 cymmeaozo 3milly8aHHA.

Knroyoei cnoea: criepma mpymHis, miepayis, 60#0AUHa Mamka
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