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Summary

The importance of studying the histochemical and immunohistochemical features of the differentiated trophoblast in chorionic
villi of the placenta in preterm labor is determined by the threatening nature of this condition for both mother and fetus, as well
as its high prevalence and serious consequences for the health of both. The understanding of the damage to the trophoblast of
chorionic villi in the placenta can be expanded by histochemical and immunohistochemical methods, which allow the assessment
of the concentration of specific marker molecules in one way or another.

Objective. To determine certain histochemical and immunohistochemical characteristics of proteins in the trophoblast of the
intermediate and terminal chorionic villi of the placenta in preterm labor.

Material and Methods. The obtained material (30 placentas from preterm deliveries and 30 placentas from normal
pregnancies) was fixed for 20-24 hours in 10 % neutral formalin solution buyfered in Lilly’s phosphate buffer. After tissue removal,
the placental tissue was dehydrated in an ascending ethanol series and embedded in paraffin at a temperature of approximately
58 °C. Serial histologic sections were cut at 5.0 um thickness using an MS-2 sliding microtome. After deparaffinization,
histological sections were stained with hematoxylin and eosin, histochemical methods for total protein with bromophenol blue
according to Bonhéme, and immunohistochemical techniques according to the manufacturer’s protocols (Dako, Denmark). In
particular, immunohistochemical reactions were performed with monoclonal antibodies against trophoblast hormone-placental
lactogen and placental alkaline phosphatase. Visualization of primary antibodies was performed using the Dako polymer
visualization system with diaminobenzidine as chromogen (resulting in brown staining of the sites of studied antigens).

In addition to the descriptive method of histopathologic research, computer morphometry of digital microphotographs of
histologic sections was performed using a Delta Optical Evolution 100 microscope and an Olympus SP550UZ digital camera.
Digital copies of the images were processed using a legitimate copy of the ImageJ v1.52f computer program developed for
histometric studies (National Institutes of Health, USA). Specifically, the evaluation of staining intensity (optical density) was
performed on digital microphotographs using the method of computer microdensitometry. For this purpose, a microprobe method
was used to obtain a computer brightness value in an 8-bit analysis system with 256 gray levels — from black (0) to white (255).
The obtained values were then transformed into relative optical density values (r.OD) by logarithmic transformation (natural
logarithm method). The relative optical density value ranges from O (absolute transparency of the object) to 1 (absolute opacity
of the object).

The obtained digital data were processed using statistical analysis methods. A legitimate copy of the statistical analysis
computer program PAST v4.14 was used, with a preliminary check for normal distribution using the Shapiro-Wilk test. Since,
according to this test, the hypothesis of normal distribution was not rejected for the statistical samples studied (at p=0.05),
parametric methods of statistical analysis were applied: calculation of the mean and its standard error, Student’s t-test (two-tailed,
unpaired). In addition, the non-parametric Mann-Whitney test was used for the reliability of the conclusions.

The research was conducted as part of the scientific research project «Preservation and Restoration of Reproductive Health in
Women and Girls with Obstetric and Gynecological Pathology» at the Department of Obstetrics and Gynecology of Bukovinian
State Medical University (state registration number 0121U110020, duration 2021-2025).

Results. Microscopic examination of histological sections stained with hematoxylin and eosin did not reveal any differences
in the structure of chorionic villus trophoblast in the placenta of preterm labor compared to normal pregnancy. However,
histochemical and immunohistochemical methods of investigation revealed a number of features in the trophoblast of chorionic
villi, where fundamental events related to substance exchange occur — intermediate immature, intermediate mature, terminal
villi, including terminal «specialized villi».

Conclusions. According to the obtained histochemical and immunohistochemical data, in preterm labor, compared to normal
pregnancy, no changes are observed in the trophoblast of intermediate immature villi, while in intermediate mature and terminal
villi, there is a decrease in histochemical staining for total protein and immunohistochemical staining for specific trophoblast
proteins — placental lactogen hormone and placental alkaline phosphatase enzyme.
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Introduction

The importance of studying the histochemical and
immunohistochemical features of chorionic villus
trophoblast in the placenta during preterm labor is
determined by the threatening nature of this condition for
both mother and fetus, as well as its high prevalence and
serious consequences for the health of both. Worldwide
statistics indicate a steady increase in the number of
preterm births, highlighting the need for an in-depth
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understanding of the molecular and cellular processes
underlying this pathological condition.

Scientific research on the histochemical and
immunohistochemical aspects of the differentiated
trophoblast in this context is important to uncover new
perspectives in the diagnosis and treatment of preterm
labor. The understanding of the damage to the trophoblast
of the chorionic villi in the placenta can be extended
by histochemical and immunohistochemical methods,
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which allow the evaluation of the concentration of
specific marker molecules. In particular, the study of the
interaction between cells of the differentiated trophoblast
and the placental microenvironment may contribute to
the discovery of new molecular markers and therapeutic
approaches. This methodology has the potential to improve
the prognosis of the pathology, reduce the risks for both
mother and fetus, and influence the strategy of pregnhancy
management in the case of preterm labor.

Objective. To determine certain histochemical and
immunohistochemical features of proteins in the differentiated
trophoblast of the intermediate and terminal chorionic villi of
the placenta in preterm labor.

Material and Methods. The collected material (30
placentas from preterm deliveries and 30 placentas from
normal pregnancies) was fixed in 10 % neutral formalin
solution buffered with Lillie’s phosphate buffer for
20-24 hours. After tissue removal, the placental tissue was
dehydrated in an ascending ethanol series and embedded
in paraffin at a temperature of approximately 58 °C.
Serial histologic sections were cut at 5.0 um thickness
using an MS-2 sliding microtome. After deparaffinization,
histological sections were stained with hematoxylin and
eosin. In addition, a histochemical technique for total
protein with bromophenol blue according to Bonhéme was
applied, as well as immunohistochemical methods according
to the protocols provided by the manufacturer (Dako,
Denmark). In particular, immunohistochemical reactions
were performed with monoclonal antibodies against
trophoblast hormone-placental lactogen and placental
alkaline phosphatase. Visualization of primary antibodies
was performed using the Dako polymer visualization system
with diaminobenzidine as the chromogen, resulting in
brown staining of the sites of the studied antigens.

In addition to the descriptive method of histopathologic
research, computer morphometry of digital microphotographs
of histologic sections was performed using a Delta Optical
Evolution 100 microscope and an Olympus SP550UZ
digital camera. Digital copies of the images were processed
using a legitimate copy of the ImageJ v1.52f computer
program developed for histometric studies by the National
Institutes of Health in the USA. Specifically, the assessment
of staining intensity (optical density) was performed on
digital microphotographs using the method of computer
microdensitometry. For this purpose, a microprobe method
was used to obtain a computer brightness value in an 8-bit

analysis system with 256 gray levels — from black (0) to
white (255). The obtained values were then transformed
into relative optical density values (r.OD) by logarithmic
transformation (natural logarithm method). The relative
optical density value ranges from 0 (absolute transparency
of the object) to 1 (absolute opacity of the object).

The digital data obtained were processed using
statistical analysis methods. Using a legitimate copy
of the statistical software PAST v4.14, a preliminary
normality check was performed using the Shapiro-Wilk
test. Since, according to this test, the hypothesis of normal
distribution was not rejected for the statistical samples
studied (at p=0.05), parametric statistical analysis methods
were applied, including the calculation of the mean and its
standard error, as well as the Student’s t-test (two-tailed,
unpaired). In addition, the non-parametric Mann-Whitney
test was used to ensure the robustness of the conclusions.

The research was conducted in accordance with the
plan of the scientific research work of the Department of
Obstetrics and Gynecology at Bukovinian State Medical
University, titled «Preservation and Restoration of
Reproductive Health in Women and Girls with Obstetric
and Gynecological Pathology» (January 2021 — December
2025), with the state registration number 0121U110020.

Results and Discussion. Microscopic examination
of histologic sections stained with hematoxylin and eosin
did not reveal any differences in the structure of chorionic
villus trophoblasts in the placenta between preterm
and normal pregnancies. However, histochemical and
immunohistochemical methods of investigation revealed
a number of features in the trophoblast of chorionic villi
in the placenta, where key events in substance exchange
take place — intermediate immature, intermediate mature,
terminal villi, including terminal «exchange-specialized
villi». For convenience, the latter villi will be referred to
as «exchange» villi.

In the study of histochemical preparations stained for
total protein by the Bonhé bromophenol blue method,
a quantitative evaluation was performed by computer
morphometry, obtaining the parameter «optical density of
staining for total protein» in relative units of optical density
(r.OD). These data are shown in Table 1.

Specifically, the data in Table 1 show that in trophoblasts
from intermediate immature villi during preterm labor, the
optical density of the staining for total protein remains
unchanged, whereas in trophoblasts from intermediate
mature and terminal villi, it decreases (p<0.05 according
to Student’s and Mann-Whitney statistical criteria).

Table 1

Optical density of histochemical staining for total protein in the trophoblast of «exchange» villi of the placenta
during preterm labor and normal pregnancy (M+m)

Normal
Indicator pregnancy Preterm labor
(n=30) (n=30)
thlcal d_en5|_ty of stalnln_g_for total protein in the trophoblast of 0.26 + 0.010 0.25 +0.011
intermediate immature villi (.OD)
th|cal d_ensny of stalr_n_ng for total protein in the trophoblast of 031 +0.012 026 +0.011
intermediate mature villi (.OD)
Optical d_ensny of s_tal_nlng for_ t_otal protein in the trophoblast of terminal 034 +0.012 028 +0.012
and terminal «specialized» villi (r.OD)
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The described patterns regarding the results of the
histochemical method for total protein with bromophenol

blue according to Bonheg are illustrated using Figures 1
and 2.

Fig. 1. Physiological pregnancy. Intermediate mature and terminal villi in the field of view.
Histochemical method for total protein with bromophenol blue according to Bonheg. Obj. 20x, Ocular
10x (optical magnification 200x)

Fig. 2. Preterm labor. Intermediate mature and terminal villi in the field of view. Histochemical
method for total protein with bromophenol blue according to Bonheg. Obj. 20x, Ocular 10x (optical
magnification 200x)

Asimilar study using the immunohistochemical method
was conducted for a specific protein produced by the
trophoblast of the placenta during pregnancy — placental
lactogen hormone. The results of the objective evaluation
based on the immunohistochemical determination of
placental lactogen in the trophoblast of «exchange» villi are
presented in Table 2 and illustrated with microphotographs
in Figures 3 and 4.

Specifically, from the data in Table 2, it can be seen
that while there are no changes in placental lactogen
production in the trophoblast of intermediate immature
villi during preterm labor, a decrease in the production
of this hormone is observed in intermediate mature villi
and terminal «specialized» villi based on the indicator
«optical density of staining for placental lactogen in the
trophoblast».

Table 2

The optical density of immunohistochemical staining for placental lactogen in the trophoblast of «exchange»
villi in preterm labor and physiological pregnancy (Mtm)

Normal
. Preterm labor
Indicator pregnancy (n=30)
(n=30) -
thlcal d.enS|.ty of stalnln.g.for placental lactogen in the trophoblast of 0.22 + 0.005 0.21 + 0.008
intermediate immature villi (r.OD)
th|cal d_ensny of stalr_u_ng for placental lactogen in the trophoblast of 0.32 + 0.009 0.24 + 0.010
intermediate mature villi (r.OD)
Optl(_:al density of_stalnlng fqr placentgl_lactogen in the trophoblast of 0.37 + 0.009 0.26 + 0.008
terminal and terminal «specialized» villi (r.OD)
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Fig.3. Physiological pregnancy. In the field of view, intermediate mature and terminal villi.
Immunohistochemical method with primary antibodies against placental lactogen and a polymer
detection system (visualization with diaminobenzidine — indicated by arrows) with counterstaining by
Groat’s hematoxylin. Obj.40x, Ocular 10x (optical magnification 400x)

Fig.4. Preterm labor. In the field of view, intermediate mature and terminal villi.
Immunohistochemical method with primary antibodies against placental lactogen and a polymer
detection system (visualization with diaminobenzidine — indicated by arrows) with counterstaining by
Groat’s hematoxylin. Obj.40x, Ocular 10x (optical magnification 400x)

Similar to placental lactogen, immunohistochemical protein, placental alkaline phosphatase. Quantitative methods
studies were performed for another specific trophoblast (Table 3) showed the same patterns as for placental lactogen.

Table 3
The optical density of immunohistochemical staining for placental alkaline phosphatase in the trophoblast of
«exchange» villi in preterm labor and physiological pregnancy (Mtm)

Normal
. Preterm labor
Indicator pregnancy (n=30)
(n=30) B

The optical density of staining for placental alkaline phosphatase
in the trophoblast of intermediate immature villi (r.OD) 0.21+0.007 0.20 +0.007
The optical density of staining for placental alkaline phosphatase
in the trophoblast of intermediate mature villi (r.OD) 0.31+0.010 0.23+0.008
The optical density of staining for placental alkaline phosphatase
in the trophoblast of terminal and terminal «specialized» villi (r.OD) 0.36 % 0.009 0.24 % 0.009

Immunohistochemical staining for placental alkaline labor and physiological pregnancy is shown in Figures 5
phosphatase in the trophoblast of placental villi in preterm and 6.
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Fig. 5. Physiological pregnancy. In the field of view are intermediate mature and terminal villi.
Immunohistochemical method with primary antibodies against placental alkaline phosphatase
and a polymer detection system (visualization with diaminobenzidine — indicated by arrows) with
counterstaining with Groat’s hematoxylin. Obj.40x, Ocular 10x (optical magnification 400x)

Fig. 6. Preterm labor. In the field of view are intermediate mature and terminal villi.
Immunohistochemical method with primary antibodies against placental alkaline phosphatase
and a polymer detection system (visualization with diaminobenzidine — indicated by arrows) with
counterstaining with Groat’s hematoxylin. Obj.40x, Ocular 10x (optical magnification 400x)

Conclusions

According to the obtained histochemical and
immunohistochemical data, in preterm labor compared
to normal pregnancy, no changes are observed in the
trophoblast of intermediate immature villi, while in
intermediate mature and terminal villi, there is
a decrease in histochemical staining for total protein and
immunohistochemical staining for specific proteins of the
trophoblast — placental lactogen hormone and placental
alkaline phosphatase enzyme.

Prospects for further research. The study of
the preterm placenta, which did not reveal any structural
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TICTOXIMIYHI TA IMYHOTICTOXIMIYHI OCOBJUBOCTI JU®EPEHIITOBAHOTO TPO®OBJIACTA
XOPIAJIBHUX BOPCUHOK IIJIAHEHTHU ITPU NEPEJYACHHUX ITOJIOT'AX

11. 10. Tokap
BykoBHHCHKHIi Aep:kaBHUMIT MeTUYHUIT YHiBepcUTET
(m. YepuiBui, Ykpaina)

Pe3iome.

AKTyaJbHICTh BUBYCHHSI CTOXIMIYHUX Ta IMyHOTICTOXIMIYHHUX 0coOIMBOCTEH MudeHiioBaHoro Tpodobiacta XopiaabHUX BOP-
CHHOK IUTALICHTH MPH MepeJUacHUX MMoJI0rax BU3HAYAETHCS 3arPO3IUBICTIO [[LOTO CTAHy ISl MaTepi Ta IJIOMY, a TAKOXK HOr0 BUCOKOIO
MOIIMPEHICTIO Ta CEPUO3HUMH HACIIKaMH JUIsl 30pOB’ st 000X. YSBIEHHS MPO YIIKODKEHHs Tpodobiacta XopialbHUX BOPCHHOK
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IUTAIIEHTH MOXKYTh PO3IIMPHUTH TiCTOXIMIUHI Ta IMYHOTiCTOXIMIYHI METOAH, SIKi JIO3BOJISIIOTH TAaK UM 1HAKIIE OIIHUTH KOHIIEHTPALII0
MIeBHUX MapKePHUX MOJIEKYIL.

Merta gocaigkenHs. BctaHOBHTH JiesiKi TICTOXIMIUHI Ta IMyHOTICTOXIMIYHI 0COOIMBOCTI OLIKIB Tpodobiiacta MPOMIXKHUX Ta Tep-
MIHAJIBHUX XOPiaJbHUX BOPCHHOK IUIAIIEHTH IIPU NepeJIacHUX MOJIOTax.

Marepiau i Metonu nocimkennsi. Orpumanuii Marepiai (30 mianeHT npu nepexryacHux nosorax ta 30 mianeHT npu disiomgoridxii
BaritHocTi) ikcyBanu npotsrom 20-24 roaun y 10 %-my HeiiTpansHOMY po3unHi hopmaliny, 3abydeperomy B Gpocharaomy Oydepi 3a
Jlinmi. ITicns BUPI3KH TKaHWHY IDIANICHTH 3HEBOAHIOBAIN Y BUCXI/HIN Oarapei eTaHOITy Ta 3aJMBaiy B MapagiH-BiCK IPH TEMIepaTypi
6m3pko 58 °C. Ha cannomy mikpotomi MC-2 otpumMyBanu cepismu ricronoriuni 3pisu 5,0 MM 3aBroBmkn. [licns nemapadinizarii
ricToJIOTiuHi 3pi3u 3a0apBIIOBAIM TEéMATOKCHIIHOM 1 €03HHOM, 3aCTOCOBYBAJIM TiCTOXIMIYHY METOAMKY Ha 3arajbHHIl OLTOK 3 OpoM-
(eHoI0BUM CHHIM 32 BOHXEroM, a TaKoXK IMyHOTICTOXIMIYHI METOIMKH Y BiJMOBIIHOCTI 0 POTOKOJIB, HajaHux BupobGHukoM (Dako,
Jawist). 30kpeMa, POBEIH IMyHOTICTOXIMIYHI peakilii 3 MOHOKIIOHAIbHUMHU aHTHTLIAMH JI0 TOPMOHY TpohobiiacTa — MianeHTapHoro
JIAKTOTEHY Ta IUTAIleHTapHOI TyKHOI ocdaraszn. Bizyanizamnito HepBHHHNX aHTUTLI 3/IHCHIOBAJIN TTIOJIIMEPHOIO CHCTEMOIO Bizyasrizamii
Dako 3 6apBHHKOM HiaMiHOOEH3UANHOM (J1a€ KOPHUYHEBE 3a0apBICHHS MiCI[b PO3TALIYBaHHSI JOCIKyBaHHUX aHTHICHIB).

OKpiM OITHCOBOTO METOAY TiCTONATOIOTITHOTO JIOCHTIPKEHH BHKOHaHA KOMIT I0TepHa MopdoMeTpist TudpoBuX MikpodoTorpadiii
ricrosoriyaux 3pisis (mikpockom Delta Optical Evolution 100 ta uudposa kamepa Olympus SP550UZ). Ludposi komii 300paxeHHs
00poOIISITH 3a IOMIOMOTOKO JIETiTHMHOT Komii KoMI totepHoi nporpamu Imagel v1.52f, sika po3po6ieHa ajis ricTOMETPUYHHUX JTOCITi[I-
xenb (National Institutes of Health, CIIIA). 3okpema, Ha nudpoBUx MikpohoTorpadisix OLiHKY IHTCHCHBHOCTI 3a0apBiieHHs (ONTHYHOT
T'YCTHHHM) 3[1{HCHIOBAIIH 33 JOIIOMOTOF0 METO/LY KOMII FOTEPHOI MiKpOJACHCHTOMETPii. JIJIst 1IbOro MiKpO30HIOBUM METOIOM OTPUMYBAJIH
KOMIIT'IOTepHY BEJIMYHHY ICKPaBOCTi 3abapBieHHs y 8-0iTHii cucTemi aHaiisy 3 256 rpazatiii ciporo — ix yopsoro (0) go 6inoro (255),
a MOTiM OTPHMaHI BETMYMHH LIISXOM JOTapr()MidHOTO MEepeTBOPEHHs (METO/ HATYPAJIbHOTO JIOrapudMy) MEpEBOAMIH Y BETHYNHY
BIJIHOCHOI ONTUYHOI I'YCTHHH (B.OA.ONT.TYCTHHH). BennurHa BiIHOCHOT ONTHYHOT T'YCTHHH KOJUBaeThest Bijt 0 (aGCcomoTHA PpO30picTh
06’exra) 10 1 (abconmroTHa HEPO30PICTh 00’ €KTA).

Otpumani udpoBi gaHi 00poOICHO METOAAMH CTATHCTHYHOTO aHAIIi3y. 3a JOITOMOT'0IO JIETITHMHOI KOIIii KOMIT TOTepHOT IIPOTrpamMu
Ut cTaTucTHYHUX 00paxyHKiB PAST v4.14 3acToCcOBYBaJIH HONEPEAHIO MEPEBIPKY Ha HOPMAIIbHICTh PO3IOALTY 3a KpuTepiem Shapiro-
Wilk. Ockinbku 1010 BUBYCHUX CTATUCTUYHHUX BHOIPOK 3TiJHO 3 HA3BAHHM KPHTEPIEM, TiloTe3a PO HOPMAIBHICTH PO3IOIITY HE
Bigxuisiiacs (mpu p=0,05), To 3acTocoByBaiy napaMeTpUYHi METOIM CTATHCTHYHOTO aHalli3y: 00paxyBaHHS BEJIMYUHH CEPEIHBOI
apudmeTnyuHoi Ta 1l moxuoku, kpurepiit CtbrofeHTa (1BoOIUHMIT HenapHHit). Takox Ui Ha[IHHOCTI BHCHOBKIB BUKOPHCTAIIH i Hema-
pamerpuyHuii kpuTepiit Mann-Whitney.

JlocmikeHHS] BUKOHAHO B MeXaX HayKOBO-I0CTITHOT po6oTH «30epexeHH s Ta BiTHOBICHHS PEIIPOyKTHBHOTO 37I0pOB’ ST KIHOK Ta
JBYAT NPU aKyIIepChKil 1 TiHEKOJIOTIUHIH maronorii» kadeapu akymepcTBa Ta TiHeKoJIoTii ByKOBHHCHKOTO IepKaBHOTO MEIHIHOTO
yHiBepcuTety (nepkaBHHil peectpauiitauii Homep 0121U110020, Tepmin BukoHaHHs 2021-2025).

Otpumani pesyasTaTu Ta ix o6roBopenns. 1 vac Mikpockomii TicTOIOTIYHIX 3pi3iB, 320apBIEHUX TeMAaTOKCHIIHOM i €03MHOM
He BUSIBJICHO XXOIHUX BiIMIHHOCTEH y OynoBi Tpodobracta XopiallbHIX BOPCHHOK INTAIIEHTH IIPU MepeadacHuX I0JI0oraxX y HOPiBHIHHI
3 (izionoriyHor BariTHicTIO. OIHAK, TICTOXIMIYHUI Ta IMyHOT1CTOXIMIYHIIT METOIH JOCIIDKCHHS MMOKa3alld HU3KY 0COONMBOCTEH
TpodobiracTa XopiaJbHIX BOPCHHOK IUIALICHTH, HA TEPUTOPIT SKUX BiZOYBAIOTHECS OCHOBHI MOAIT 010 OOMiHY PEYOBHH — IPOMIXKHI
He3pii, TPOMDKHI 3piji, TepMiHAIBHI BOPCHHKH, Y TOMY YHCII TePMIiHAIbHI «CIeniali30BaHi BOPCHHKI».

BucnoBkH. 3TiIHO OTPUMAHUX TICTOXIMIYHHX Ta IMyHOTICTOXIMIYHHX JTaHUX, TIPH NTEpeTIaCHIUX MOJIOTaX, y MOPIBHSAHHI 3 (i3ioro-
T{YHOIO BaTiTHICTIO, B TPO(OOIACTI TPOMIKHIX HE3PUINX BOPCHHOK 3MiH HE BIIMI9a€ThCs, TO/I SIK Y TIPOMDKHUX 3pLIHX Ta TEPMiIHAIBHUX
BOPCHHKAX CITOCTEPIra€ThCs 3HIKEHHS IiCTOXIMIYHOTO 3a0apBlICHHS HA 3arajbHUM OUIOK Ta IMyHOTiCTOXIMIYHOTO 3a0apBiIeHHS Ha
crreruivHi 611KH TpohoOIacCTa — TOPMOH INTAIIEHTAPHUI JIAKTOTeH Ta (JepMEeHT IUIalleHTapHy JTyKHY (ocdarasy.

Kuro4oBi cj10Ba: nepeuachi nosoru; xopianbHi BOPCUHKH MNalieHTH; qudepentiiosanuii pododnact.
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