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ABSTRACT

Purpose. The aim of this study was to ascertain the characteristics of major salivary glands endocrine effect on
spermatogenesis.

Materials and methods. Mature white outbred male rats (2 months, 153 + 18 g) consisted of the following groups
(each containing 30 rats): intact, control, and group of rats subjected to multiple amputation of incisors. To achieve
hypertrophy of major salivary glands multiple amputation of incisors was performed: incisors were cut to a level
of 1-2 mm above the gingival margin under ether anesthesia once every 3 days within 2 weeks. Animals of the
control group were anesthetized with ether at the same time. Rats were sacrificed by CO2 asphyxia after 2, 3, 4,
6, 8 and 10 weeks after the first amputation of incisors. Fragments of the rat testes were examined on a JEM-1400
“JEOL” (Japan) transmission electron microscope. On electron microscopy images the specific vacuolization of
the cytoplasm of Sertoli cells, spermatogonia, spermatocytes and spermatids (standard units) was analyzed by the
point counting method. In spermatogenic cells the proportion of mitochondria (%) with morphological signs of
swelling was assessed.

Results. Transient ultrastructural changes of Sertoli and spermatogenic cells develop in the rats convoluted semi-
niferous tubules as a result of multiple amputation of the incisors, such as phagosomes and pronounced vacuoliza-
tion in the Sertoli cells cytoplasm, cytoplasm vacuolization and mitochondrial swelling in spermatogenic cells.
Sporadic spermatogenic cells with signs of nuclear (chromatin fragmentation, its condensation on the periphery
of the nucleus) and cytoplasm (destruction of membrane organelles) destruction appeared as a result of multiple
incisors’ amputation. Ultrastructural changes of Sertoli and spermatogenic cells are most pronounced at 2-3 weeks,
decrease at 4 week and are completely leveled by the 6th week of the experiment.

Conclusion. Hypertrophy of major salivary glands, caused by multiple amputations of incisors, has similar to
sialoadenectomy effect on the spermatogenic epithelium. Multiple incisors’ amputation cause transient depression
of granular convoluted cells function. Probably submandibular gland granular convoluted tubules cells endocrine
factors make the greatest contribution to the regulation of spermatogenesis in rats.
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BauaHue runepTpodun 60/bLLIMX C/IOHHDBIX KE/1€3 HA Y/IbTPACTPYKTYPY
CNepMaTOreHHOro 3MUTe/INA KpbIC
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PE3IOME

He.l]b. Brrsicuenne ocobennocreit OHAOKPUHHOT'O BJIUSTHUSA OOJIBIINX CIIFOHHBIX JKEJIe3 Ha CIIEPMATOI€HE3 I10JI0-
BO3PEJIbIX KPBIC.

MatepuaJsl u MeToabl. [To10BO3pemnsie Genbie OecopogHbIe caMIIbl KpBIC (Bo3pacT 2 Mec, MaccaTena (153 +18) 1)
cocTaBwiIH TpH rpymnisl (1o 30 ocobeil): HHTaKTHAs, KOHTPOJIbHAS U KPBICHI, TOJIBEPIIIIECS MHOTOKPATHON aMITy-
Taluy pe3noB. [ ONEHKH HAOKPHHHOTO BIHAHHSA SMUTEIMOLUTOB AlHHYCOB U MPOTOKOB OONBIINX CIIOHHBIX
AKeJe3 MOJSTUPOBAH UX TUIEPTPO(dHIO MTyTeEM MHOTOKPATHOH aMITyTanuy pe3noB. Kpbic BEIBOAMIN U3 SKCTIEPH-
MeHTa Ha 2-, 3-, 4-, 6-, 8- u 10-10 Hex MocIe MepBOii aMmyTanuu pe3noB. CEeMEHHUKH KUBOTHBIX OLEHUBANU IPH
MTOMOIIH TPAHCMUCCHOHHOH 3JIEKTPOHHOM MUKpocKonuu. Ha anekTpoHorpaMmax aHaTu3UpOBaIN YACTIbHbIA 00b-
€M BaKyOJIM3alUH IUTOIIa3Mbl CYCTEHTOILUTOB, CIIEPMATOTOHMH, CIEPMATOLIUTOB U criepMaTh/ (yciI. eA.), B Crep-
MAaTOTE€HHBIX KJIETKaX OLIEHUBAIH KOTMIECTBO MUTOXOHAPHH (%) ¢ MOP(hONIOTHIeCKUMU MTPU3HAKAMH HaOyXaHUsL.

Pe3yabTaThl. B paHHue CpoKH IKCIIEpUMEHTA B U3BUTHIX CEMEHHBIX KaHAJIbLIAX KPBIC Pa3BUBACTCS BAKYOIH3AIIHS
[UTOILIa3MbI CYCTCHTOIIMTOB, & TAKXKE YIbTPACTPYKTYpPHbIC H3MEHEHHUS CIICPMATOTCHHBIX KICTOK (BaKyOJIM3alns
LUTOILIa3MBbl, AJIbTEPALIUs] MUTOXOHIPHH, pa3pylIeHHEe MEMOPaHHBIX OpraHeilI, pparMeHTamus xpoMaTuna). 13-
MEHEHUSI CTPYKTYPBI CIIEPMATOT€HHBIX KJIETOK M CYCTEHTOILMTOB MAaKCUMaJIbHO BBIpaXKEH Ha 2—3-i Hell, CHHXKAIOT-
cs Ha 4-1 He/l ¥ TIOJTHOCTHIO HUBEIUPYIOTCS K 6-11 Hel dKCIIepUMeHTa.

3akiroueHue. rHHeproq)HH OOJIBIINX CIFOHHBIX JKCJIE3, BbI3BaHHAA MHOFOKpaTHOﬁ aMHyTaIIPIeﬁ pe3n0B, OKa-
3bIBACT Ha CHepMaTOFeHHBIfI SIUTEIUI BJIMSAHUE, CXOXKEC C 3(1)(1)CKTOM cruanoaneHsIkTomMuu. B PEIYIBTATE MHO-
I‘OKpaTHOﬁ aMIyTallui pe310B YIHETACTCA (i)yHKHI/IOHaHLHOS COCTOAHHUE KJICTOK I'PAHYJISIPHBIX U3BUTBIX pr60K
TNOAHUKHCYCIIFOCTHBIX JKECJIC3. SHIIOKpI/IHHBIe q)aKTOpI)I, KOTOPBIC BHOCAT HanOOJIbIINH BKJIaZ B PETYJIALNIO CIIEP-
MaTOIr€HE3a Yy KpPhIC, BLIpa6aTBIBaIOTC$I KIIETKaMU I'paHyJIIPHBIX U3BUTBHIX pr60K.

KiroueBrble ciioBa: CIIEPMATOI'C€HE3, CYCTCHTOLUT, CJIFOHHBIC JKEJIE3BI, FHHCprO(l)I/ISI.

KoHdaukT uHTEpecoB. ABTOPHI ACKIAPHUPYIOT OTCYTCTBUE SBHBIX U MOTCHIHATIBHBIX KOH(PIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJIUKAIME HACTOSIICH CTAThH.

HcTounukn puHAHCHPOBAHUS. ABTOPHI 3asBIISIIOT 00 OTCYTCTBHU (PUHAHCHPOBAHMSI.

CooTBeTCTBHE NPUHIMIAM 3THKH. VccienoBaHue 0J0OpEHO PELICHHEM JIOKAJIBHOTO 3THYECKOr0 KOMHTETa
®I'BOY BO CubI'MY Munszapasa Poccun (mpotokon Ne 4253 ot 28.09.2015).

Jas untupoBanus: Msanosa B.B., Tuxonos /I.1., Munb, CepebpsixoBa O.H., I'epenr E.A., [Tnemko P.W. Baus-
HHE THIepTPOGUH OOIBIINX CITIOHHBIX JKelE3 Ha yIbTPACTPYKTYPy CIIEPMAaTOT€HHOTO SNTENNS KPbIC. broinemens
cubupcroii meouyunst. 2020; 19 (3): 29-35. https://doi.org: 10.20538/1682-0363-2020-3-29-35.

The effect of major salivary glands hypertrophy on rat’s spermatogenic epithelium

INTRODUCTION

The major salivary glands are duacrine glands
[1]: their exocrine function is associated with diges-
tion, taste reception, non-specific immune defense,
excretion and speech production. They have a proven
endocrine effect on the organs of the hematopoietic
and immune systems, skin, nephron epithelial cells,

cartilage, and the gonads [2, 3]. The mutual influence
of the salivary glands and gonads is present in many
animals, including humans. It has been proved that a
complete medical examination makes it possible to
diagnose the interstitial form of sialadenosis (sialosis)
in 100% of both male and female patients with hypo-
gonadism [4]. Rodents are the most convenient model
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for studying the mutual influence of the gonads and
salivary glands because of the pronounced morpho-
logical and biochemical sexual dimorphism of their
major salivary glands. Thereby, the aim of this study
was to elucidate the features of the endocrine effect
that the major salivary glands have on spermatogen-
esis of rats.

MATERIALS AND METHODS

Mature, white, outbred male rats (age 2 months,
body weight 153 + 18 g) constituted the following
groups (each containing 30 rats): intact (I), control
(C), and the group of rats subjected to repeated am-
putation of incisors (RA). The hypertrophy for RA
rats was simulated through repeated amputation of
incisors. Lower and upper incisors were trimmed un-
der ether anesthesia to a level of 1-2 mm above the
gingival margin once every 3 days within 2 weeks (5
amputations in total). Animals of the control group
were narcotized with diethyl ether with the same peri-
odicity. Removal from the experiment was carried out
by CO2 asphyxiation during the 2, 3t 4t 6t 8™ and
10 weeks after the first amputation of incisors.

Fragments of the rat testes were fixed for 24 hours
in 4% paraformaldehyde (Serva, Germany), then for 3
hours in 1% OsO4 (SPI, USA) at 4 ° C, pH 7.4. The
samples were immersed in a mixture of epoxy resins
Epon 812: Araldite 502: DDSA (SPI, USA). Ultra-
thin sections (80 nm) were obtained on an ultratome
(eica EM UC 7 (Leica, Austria) and contrasted with

uranyl acetate and lead citrate for examination with a
JEM-1400 transmission electron microscope (JEOL,
Japan).

On electron diffraction patterns, the specific vol-
umes of cytoplasmic vacuolization of Sertoli cells,
spermatogonia, spermatocytes, and spermatids (stan-
dard units) were analyzed using the program ImageJ
1.48 (NIH Image, USA). In spermatogonia, sper-
matocytes, and spermatids the number of mitochon-
dria (%) with morphological signs of swelling was
assessed (calculations were based on the analysis of
200 mitochondria).

Statistical processing of quantitative data was per-
formed using the Shapiro — Wilk, Mann — Whitney,
and Kruskal — Wallis tests and SPSS 17.0 (IBM, USA).
The results of the morphometric study are presented
as the median and interquartile range Me (Q,; Q,),
the significance level is taken as p < 0.05.

RESULTS

In the convoluted seminiferous tubules of rats
of the intact (I) and control (C) groups, Sertoli cells
and all populations of germ cells were determined
throughout the period of study. However, in animals
of the RA group, spermatozoa were found in the lu-
mens of the convoluted seminiferous tubules starting
from the 3™ week of the experiment. During the study
period, the rats of the C group showed no difference
in the ultrastructure of Sertoli and spermatogenic cells
from those of the group I (Tables 1, 2).

Table 1
The specific volume of cytoplasmic vacuolization, standard units, Me (Q,; Q,)
Expe- Sertoli cells Spermatogonia Spermatocytes Spermatids
riment
duration, | C RA I C RA I C RA I C RA
week
0 0 36.8 0 9.9 0 10.2 0 0 10.0
nd . .
2 (0; 1.5) | (0; 1.2) | (24.7; 45.0)* | (0; 4.8) 00:3.6) (5.6; 18.1)* 0(0:42) (0; 1.6) | (7.1; 14.4)* | (0; 1.6) | (0; 2.1) [ (7.3; 25.9)*
0 0 37.9 0 42 0 6.9 0 0 10.7
rd . .
3 (0;2.1) | (0;2.6) | (14.5;44.2)* |(0; 1.6) 0045 (2.4;9.7) 0(0:26) (0;2.0)| (0.9;9.9) |(0;2.5)|(0;1.0)[(5.1;22.8)*
0 0 16.1 0 0 3.8 0 0 6.2 (1.0;
th . . . >
4 (0; 1.2) | (0; 1.6) | (14.7; 21.6)** | (0; 3.7) 0(0:06)| 2.0(0:4.1) | 0(0; 1.4) (0;1.6) | (0;16.0) |(0;1.5)](0;2.1) 14.8)*
0 0 0 0 0 0
th . # . . . . .
6 0:0.8) | (0: 1.4) 0(0;6.7) 0:0.7) 0(0;1.0)] 0(0;1.6) |0(0;2.0) (0:0.7) 0(0; 1.6) 0:0.9) | (0: 1.2) 0(0;3.1)
0 0 0 0 0 0
th . . . . . .
8 0:0.6) | (0: 1.6) 0(0;1.1) (0 0) 0(0; 0) 0(0; 0) 0(0; 0) (0 1.3) 0(0;2.3) ©:0) | (0:0) 0(0; 1.6)
0 0 0 0 0 0
th . . . . . .
10 0: 1.0) | (0: 0.6) 0(0;0.8) 0 0) 0(0; 0) 0 (0; 0) 0 (0; 0) (0:0.7) 0 (0; 0) ©:0) | (0:0) 0 (0; 0)
Note. I—intact group, C — control group, RA — the group of rats subjected to repeated amputation of incisors (here and in Table 2).
*difference between the indicator and the corresponding indicator of the intact group, p < 0.05.
#difference between the present indicator and that during the previous period within the same group, p < 0.05 (here and in Table 2).
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At 24 weeks of the experiment, phagosomes,
phagolysosomes and cytoplasmic vacuolization were
detected in the cytoplasm of the Sertoli cells in rats
of the RA group (Fig., a). The observed vacuoles
were dilated cisterns of the endoplasmic reticulum
(EPR). The severity of vacuolization was maximal at
2-3 weeks, though decreased over time and com-
pletely leveled off by the 6th week of the experiment
(p < 0.05; see Table 1). Vacuolization of the cyto-
plasm was observed in spermatogonia, spermatocytes
(order I and II) in rats of the RA group during the 2™
week of the experiment (p < 0.05; see Table 1).

Mitochondrial swelling, which was identified as a
decrease in the number and size of cristae, expansion
of matrix and the appearance of vesicular structures in
it [6], was observed in spermatogonia at 2—3 weeks,

and in spermatocytes, at 2—4 weeks after the first
amputation of incisors (p < 0.05; see Table 2; Fig.,
b). The ultrastructural changes in spermatogonia de-
scribed above and developing in response to repeated
amputation of incisors completely leveled off by the
4th week, and in spermatocytes, by the 6th week of
the experiment.

At 2-4 weeks of the experiment, early and late
spermatids in rats of the RA group were characterized
by mitochondrial swelling (p < 0.05; see Table 2) and
membrane destruction. Expansion of the EPR cisterns
and the Golgi apparatus was also detected in early
spermatids at 2—3 weeks (p < 0.05; Table 1; Fig., ).
Structural changes in spermatids caused by repeated
amputation of incisors leveled off by the 6th week of
the experiment.

Figure. Fragment of the convoluted seminiferous tubule of a mature rat subjected to repeated amputation of incisors: a —

cytoplasmic vacuolization of a Sertoli cell; b — cytoplasmic vacuolization, expansion of the perinuclear space and mitochondrial

alteration in first-order spermatocytes; ¢ — cytoplasmic vacuolization and destruction of mitochondrial membranes in an early

spermatid; d — spermatogenic cells with signs of destruction of the nucleus and cytoplasm; transmission electron microscopy;
2" week (a, d) and 4™ week (b, ¢) of the experiment
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Table 2
The number of mitochondria with signs of swelling, %, Me (Q; 0.)
Expe- Spermatogonia Spermatocytes Spermatids
riment
duration, 1 C RA I C RA I C RA
week
2nd 0(0;2.8) | 0(0;2.5) 8.0 (5.0; 11.0)* 0(0;2.4) 0(0;2.5) 256 0(0;4.1) |0(0;6.4) 36.8
> > AT " > (17.2;39.2)* > > (30.4; 47.0)*
32.0 1.4 31.8
rd . . . £ . . .
3 0(0;2.5) | 0(0;2.2) | 10.0(6.6;11.9) 0(0;2.1) | 0(0;4.4) (20.4; 37.3)* (0:5.3) 0(0;2.8) (26.2: 39.1)*
14.7 24.5
th . . . . . . .
4 0(0;3.2) | 0(0;1.3) 0 (0; 3.7)# 0(0;3.2) | 0(0;4.0) (6.0: 25.2)*# 0(0;7.1) |10(0;2.2) 14.1: 20.8)*#
6n 0(0;2.8) | 0(0;3.1) 0(0; 1.6) 0(0;1.9) | 0(0;3.8) | 4.0(1.5;89# | 0(0;3.1) [0(0;6.5) a 5.6;()) 3y
8 0(0;2.2) | 0(0;2.0) 0 (0; 2.6) 0(0;1.5) | 0(0;0.8) 0 (0; 4.6) 0 (0; 1.6) | 0(0;2.0) 0 (0; 0.5)
10t 0(0;0.5) | 0(0;1.0) 0(0; 1.5) 0(0;0.5) | 0(0;0.5) 0(0;0) 0(0;0.5) |0(0;0.7) 0(0;0)

At 2-3 weeks of the experiment, the spermatogen-
ic epithelium of the RA group demonstrated individ-
ual germ cells with signs of nuclear destruction (frag-
mentation of chromatin, its condensation along the
periphery of the nucleus) and cytoplasm (destruction
of membrane organelles). Cells with signs of destruc-
tion are round in shape and have adluminal localiza-
tion (see Fig. 1, d), which allows researchers to identi-
fy them as spermatocytes or early spermatids. Starting
from the 4™ week of the experiment, no spermatogen-
ic cells with signs of destruction were detected in the
convoluted seminiferous tubules of the RA group.

During the study period, we did not observe chang-
es in the morphology of spermatozoa and peritubular
myoid cells in rats in response to repeated amputation
of incisors.

DISCUSSION

We have previously made a conclusion that the
removal of the major salivary glands leads to ultra-
structural changes in spermatogenic epithelium of
immature rats [3]. However, it remains unclear which
structures of the major salivary glands are the source
of factors that have the greatest influence on testes.
For example, sialorphin and parotin are produced by
the acini of the submandibular and parotid glands re-
spectively [7]. Epidermal growth factor, transforming
growth factor a and B are produced by cells in the ducts
of the submandibular glands [8]. All of the above and
possibly some other biologically active factors of the
major salivary glands affect spermatogenesis and ste-
roidogenesis. Repeated amputation of incisors causes
hypertrophy exclusively in epithelial cells of the acini
in the major salivary glands, though it is not accompa-
nied by hyperfunction [9]. On the contrary, repeated

amputation of incisors inhibits the functional state of
cells in the granular convoluted tubules of the sub-
mandibular glands [9]. Thus, the chosen experimental
model will make it possible to assess the contribution
of the acini and ducts of the major salivary glands to
the endocrine regulation of spermatogenesis.

Cytoplasmic vacuolization of Sertoli cells is a
non-specific response to damage [10] and indicates
a violation of cell metabolism [11]. Sertoli cells are
involved in the regulation of spermatogenesis in the
paracrine way (inhibin, activin, anti-Miillerian hor-
mone), as well as through contact with germ cells
[12]. Sertoli cells are a labile element of the blood-tes-
tis barrier and take part in the formation of the micro-
environment for developing germ cells [12]. Dysfunc-
tion of Sertoli cells inevitably leads to dysregulation
of spermatogenesis.

Ultrastructural changes in spermatogenic cells that
develop in response to repeated amputation of incisors
affect the energy and synthetic apparatuses of cell.
Swelling and destruction of mitochondria (2—4 weeks)
in spermatogenic cells of the RA group indicate a de-
crease in the intensity of energy processes in them.
Mitochondria in germ cells perform many functions:
they are involved in the initiation of apoptosis in de-
fective germ cells, ensure the motility of spermatozoa,
and their controlled production of active radicals is
necessary for proper capacitation and acrosome reac-
tion [13]. Defects in the ultrastructure of mitochondria
are associated with impaired sperm functioning [13].
Mitochondrial alteration is associated with excessive
production of active radicals, which are potential in-
ducers of cytoplasmic vacuolization. Damage to the
membrane and enzyme systems of the granular EPR is
the cause of the violation of protein folding and deg-
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radation, which leads to the expansion of the lumen of
its cisterns [14, 15].

Spermatids and spermatocytes are the most sen-
sitive spermatogenic cells when it comes to changes
caused by repeated amputation of incisors. In a num-
ber of spermatogenic cells, ultrastructural changes
become irreversible. The presence of germ cells with
signs of destruction (2-3 weeks) and the absence of
spermatozoa (2 week) in the convoluted seminiferous
tubules indicate the impossibility of a proper matura-
tion phase and formation of spermatogenesis in rats
shortly after reaching hypertrophy of the major sali-
vary glands through repeated amputation of incisors.
Phagolysosomes detected in the cytoplasm of Serto-
li cells at 2—4 weeks of the experiment are likely the
result of absorbing the fragments of destroyed sper-
matogenic cells.

The ultrastructural changes in Sertoli and sper-
matogenic cells observed in response to repeated
amputation of incisors are similar to those develo-
ping after sialoadenectomy [3]. Since repeated ampu-
tation of incisors leads to the acini hypertrophy, the
reduced number of cells in the ducts of the subman-
dibular glands and their inhibited functional activity
[9] suggests the following: it is the granular convolut-
ed tubules of the submandibular glands that produce
factors having the greatest effect on spermatogenic
epithelium. The suppression of synthetic and secreto-
ry activity in cells of the granular convoluted tubules
of the submandibular glands leads to the development
of ultrastructural changes in cells of the convoluted
seminiferous tubules. Epidermal growth factor, trans-
forming growth factor a and B, and other biological-
ly active factors of epithelial cells in the ducts of the
submandibular glands can have a direct effect on germ
cells or an effect mediated by Sertoli cells and inter-
stitial endocrinocytes of testis. It is worth noting the
potential endocrine action of the major salivary glands
on spermatogenesis indirectly, through the central
and peripheral endocrine glands. Biologically active
substances of the granular convoluted tubules of the
submandibular glands in rats are also produced by the
major salivary glands of humans. Elucidation of the
endocrine interactions between the human salivary
glands and gonads is a long-term objective.

Changes in the morphology and functional sta-
tus of the epithelial cells of the acini and ducts in the
major salivary glands of rats in response to repeated
amputation of incisors are transient [9]. This explains
the gradual decrease in the severity of morphological
changes in the spermatogenic epithelium and com-

plete normalization of the ultrastructure of Sertoli and
germ cells by the 6th week of the experiment.

CONCLUSION

We have shown that repeated amputation of inci-
sors causes transient ultrastructural changes in Serto-
li and spermatogenic cells of mature rats, similar to
those observed after sialoadenectomy. The endocrine
factors that make the greatest contribution to the reg-
ulation of spermatogenesis in rats are produced by
cells of the granular convoluted tubules. Substances
produced by the epithelial cells of the acini in the ma-
jor salivary glands of rats probably have a less potent
effect on spermatogenic epithelium.
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