VIK 615.361.013.85.014.41

UDC 615.361.013.85.014.41

BAusiHne KPUOKOHCEPBUPOBAHUA Ha COXPAHHOCTDL

YABTPACTPYKTYpbl

NMAQALEHTbI

H.B. PenwH, T.I'1. ToBopryxa, B.W. CtPoHA, T.H. KOPYEHKO

MHcTutyT npobaem kpmnobuorornm m kpmomeamumntsl HAH YkpanHbi, r. Xapbkos

Cryopreservation Effect on Placental Ultrastructure Integrity
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HccnenoBanu ynsTpacTpyKTypy IUTALCHTHI ITOCIIE KpUOKOHCEpBUpOBaHUs. [I0ka3aHO, 4TO HU3KOTEMIIEpATypHOE KOHCEPBUPOBAHIE
¢ kpuomnporekropoM IMCO obecriednBaeT IydnIyro COXpaHHOCTh YIBTPACTPYKTYPhI KIETOK IUIAIICHTEHI.
Knrwoueesvie cnosa: nnaneHTa, KpHOKOHCEPBUPOBaHUE, YIbTpacTpykTypa, AMCO.

JocniuKyBany yapTpacTpyKTypy IUIALEHTH Miciis KpioKoHcepByBaHHs. [TokazaHo, 110 HU3bKOTEMIIEpAaTypHE KOHCEPBYBaHHS 3
kpionporekropom JIMCO 3abe3mneuye kparie 30epeKeHHs YIBTPACTPYKTYPH KIITHH TUTALICHTH.
Knrouosi cnosa: nnauenTa, KpioOKOHCEPBYBaHHsI, yIbTpacTpykTypa, JMCO.

Placental ultrastructure was studied after cryopreservation. It has been shown that low temperature preservation with DMSO as
cryoprotectant provides better integrity of placenta cells’ ultrastructure.

Key-words: placenta, cryopreservation, ultrastructure, DMSO.

[locnennee nmecarmiieTne XapakTEpU3YyeTCs WH-
TEHCHUBHBIM pPa3BUTHEM HOBOTO HAINpaBJIECHUS B
MEIUIMHE — KJIETOYHOW M TKAaHEBOM TpaHCIIaHTa-
LMW — U UCTIONb30BaHUEM JJIS 9THX LieNel TKaHed u
KJIETOK (eTomnanenTapaoro kommiekca [1,2]. Panee
MIPOBEICHHBIE UCCIIENOBAHNS TO3BOJIVIIN ONIPEIETHUTD,
YTO KPaTKOCPOuHOe (0 1-X CyTOK) XpaHEHHE TKaHH
TUTALICHTHI ITPU THIIOTEPMHUYECKHX Temmeparypax (4°C)
NPUBOAUT K HE3HAYUTEIbHBIM HU3MEHEHHSIM B
CTPYKType KiIeTOK. OTHAKO yXKe ToCIe 2-X CyTOK Xpa-
HEHHS B €€ KJIETKax IMOSBISIOTCS BBIPaXECHHBIE
JIECTPYKTUBHBIE N3MEHEHus [4].

Hcnonp3oBanue a5l KOHCEPBUPOBAHUS TUTAIIEHTHI
HI3KUX Temirepatyp (-196°C) cyiecTBeHHO OTpaHu-
YUBAET CHEKTP U3MEHEHWH, TPOUCXOAALINX B HEN IIpU
TUNoTepMHUH. BMmecTe ¢ TeM IUKN 3aMOpakKMBaHMSI-
OTTaMBaHUA caM OKa3bIBAET MOBpEXIAIOIIee AeHCT-
BHE Ha CTPYKTYpPY TKaHH U B IEPBYIO OUYEPEIb 3a CUET
MIPOIIECCOB KpUcTauiooOpa3oBanus [5, 7].

[IpumeHeHne KpHONPOTEKTOPOB MTO3BOJISIET CMSIT-
YUTH JCUCTBHE (PAKTOPOB KPHOTIOBPEKACHHSI, OTHAKO
MPUBHOCHT JIOTIOJTHUTENBHBIE TPOOJIEMBI, CBSI3aHHBIE
C MX TOKCHYHOCTHIO [3], XapakTepoM B3aMMOZEHCT-
BUsI C OMOJIOTHYECKUM 00BEKTOM JI0 dTara OXJaxie-
HU [5], OlIEHKOH MX IPOHMUKAIOIIEH CITOCOOHOCTH, T.€.
WX PEUMYIIECTBEHHOH JIOKATH-3aIUH B KJIETKE HIIN
BHEKJIETOUHOH cpeie. BopcuHuaThiii XOpHOH MI1aleH-
THI SIBISIETCA T€TEPOTE€HHON CTPYKTYypOH Kak IO
IUIOTHOCTH COOCTBEHHO TKaHH, TaK U 10 KIETOYHOMY
cocTaBy. [Ipeanomnaraercs, 4To KJIETKH, pa3jInyaro-

Last decade is characterised with an intensive
development of new direction in medicine: cell and
tissue transplantation, as well as usage for these aims
of tissues and cells of fetoplacental complex [1, 2].
Previously conducted studies allowed to determine that
short-term (up to 24 hrs) storage of placenta tissue
under hypothermic temperatures (4°C) results in slight
changes in the cell structure. However even after 48
hrs’ storage in its cells marked destructive changes
appeared [4]. Usage of low temperatures (-196°C)
for placenta cryopreservation significantly limits the
spectrum of changes, occurring in it after hypothermia.
Moreover freeze-thawing cycle itself causes damaging
effect on tissue structure and primarily due to the
processes of crystal formation [5, 7].

Application of cryoprotectants allows to make
milder the effect of cryodamage factors, but introduces
additional problems related to their toxicity [3], the
character of interaction with biological objects before
cooling stage [5], the estimation of their penetration
ability, i.e. their predominant localization in a cell or
extracellular medium. Placenta villous chorion is hete-
rogenous structure both on density of the tissue itself
and cellular composition. It is supposed that the cells
differing on their physiological status and permeability
of their membranes for water will survive low tempe-
rature effect in a different way.

The aim of this work was studying the placental
ultrastructure after low temperature preservation under
DMSO protection.
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Mecst CBOMM (PU3HOIOTUIECKUM CTaTyCOM M IIPOHU-
AEMOCTHIO X MEMOpaHbI JUIsl BOJIbL, OyIyT MO-pas-
HOMY IIEPEHOCUTH HU3KOTEMIIEPaTypPHOE BO3JICHCTBHE.
Lenbto HacTosimel pabOTH SIBUJIOCH HU3yUYCHHE
YIBTPaCTPYKTYPhI MJIALEHTHI MOCJe HU3KOTEMIIe-
paTypHOro koHcepBUpoBaHus nox 3amuro JMCO.

Marepuanbl n metoanl

OOBexT uccieoBanus — GpparMeHThl MUIAEHTHI,
[IOJIyYEHHBIE I10CJIE OIEPalui KECapeBO CEYECHUeE y
3I0pOBBIX XXEHIUH C HOPMaJIbHO IIPOTEKaroleil
0epEeMEHHOCTBIO U KPHOKOHCEPBHPOBAHHEIE ITO TEXHO-
noruu, pazpadorannoit B UTIKuK HAH Ykpaunst [6].
Jnst 3aMopaXuBaHUsl UCIOJIB30BaIU QparMeHTHI
IUTaLleHTHI KaK MHKYOUpOBaHHbIE B TeueHue 20 MUH B
8%-m pactBope IMCO, Tak 1 6€3 KpuOmIpOoTEeKTOPA.
3aMopoXeHHbIE 00pa3Lbl OTOTPEBAIM HAa BOISHOM
6ane npu Temmneparype 40°C.

[ToaroroBka 00pa3LOB K 3JIEKTPOHHO-MHUKPOCKO-
UYECKOMY MCCIIEOBAHUIO TPOBOAMUIIACH AHATIOTHYHO
pabore [4].

Pe3yAbTatbl M 00Cy)xaeHue

[Toce HU3KOTEMIEpPAaTYypPHOTO KOHCEPBUPOBAHUS
IJIAICHTHl 0e3 KPUOTPOTEKTOpa HaOMroqaeTcs psij
CYIIECTBEHHBIX yIBTPACTPYKTYPHBIX H3MEHEHHH BOP-
CHHYATOro XopuoHa. Ha moBepXHOCTH CHHLUUTHO-
TpodobnacTa OOHAPYKUBAIOTCS YUACTKH, JIUIICHHbIE
CHHIIUTHAJIbHBIX BEIPOCTOB, & TAKKE OTCIOEHUE MUK-
POBOPCHHOK OT HOBEPXHOCTU CHHIMTHS (puc. 1). SAnpa
SMUTENNS] BOPCUH UMEIOT U3PE3aHHBIE KOHTYPHI,
HEpaBHOMEPHO PaCIIUPEHHOE NEPUHYKIICAPHOE IIPOCT-
PAHCTBO U IJIOTHBIN, KOHAEHCUPOBAHHBIN XpOMAaTHH,
pacmoararonaiicst mo Bcemy ux o0remy. bonpmima-
CTBO MUTOXOHJIPUH CHHITUTHS C TMPOCBETICHHBIM
MaTpPUKCOM M BBIPAKEHHOW JECTpyKLued KpucT. B
3HAYUTENFHON CTETIeHH M3MEHEHHSIM IMOBEpPraeTcs
suporutazmarndeckas cets (JI1C), koTopas cocTouT
13 PaCIIMPEHHBIX ITUCTEPH W Bakyolsiei (puc. 2).
Hapymaetcs ynopsno4eHHOCTb pacioiokeHus puoo-
coM Ha ee MeMOpaHax. BHyTpeHHuUiH ceT4yarslii
anrmapar BakyoJIM3upoBaH. Lluronnasma CHHIUTHSA CO-
JOEpKUT MHOI'O 3aMKHYTBIX BE3HMKYJ], CBOOOIHBIX
prOOCOM U rpaHysl pa3IMIHON HIEKTPOHHOM IIOTHOC-
tu. [lo cpaBHEHMIO C CHHIUTHOTPO(OOIACTOM H3Me-
HEHUS YIBTPACTPYKTYphl HTOTpOodoOIacTa MEHEe
BBIPaXXEHBI, XOTA U B 3THUX KJETKaX BCTPEUYAIOTCS
MUTOXOHJPUH C IPOCBETIIEHHBIM MaTPUKCOM, Pa3yIio-
PAIOYEHHOM CTPYKTYpOI KPUCT U HAOYXIIINE [IUCTEPHBI
SIIC.

bazanpHasg MmeMOpaHa, OTAEISIONAs AIUTENIUN OT
CTPOMBI BOPCHH, IPAKTUYECKH HAa BCEM NPOTSHKEHUN
HEpaBHOMEPHO paclIUpeHa U pa3pbixieHa. s nan-
HOTO peKMUMa 3aMOPa KMBaHMsI XapaKTEPHO YACTUYHOE
OTCJIOEHHUE BMUTEINANBHOTO IJIaCTa OT CTPOMBI
(puc.3). Habmonaercs pa3phIxJeHUE MEKKIECTOYHOTO
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Materials and methods

Research objects are placenta fragments obtained
after operation of Caesarian section in healthy women
with normally proceeding pregnancy and cryopreserved
according to the technique, developed at the Institute
for Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of the Ukraine [6].
For freezing we used the fragments of placenta both
incubated for 20 min in 8% DMSO solution and without
cryoprotectant. Frozen samples were thawed on water
bath at 40°C.

The preparing of samples for electrone-microscopic
investigation was performed similar to the described
protocol [4].

Results and discussion

After low temperature preservation of placenta
without cryoprotectant there is observed the series of
considerable ultrastructural changes of villous chorion.
On the surface of syncytiotrophoblast there were found
the sites deprived of syncytial outgrowings as well as
exfoliation of microvilli from the surface of syncytium
(Fig. 1). Nuclei of villi epithelium have jagged contours,
unevenly widen perinuclear space and dense,
condensed chromatin, located along their volume. The
major part of syncytium mitochondria with enlightened
matrix and expressed destruction of crysts. In a
considerable extent to the changes endoplasmatic
reticulum (ER), consisting of extended cisterns and
vacuoles is subjected to the changes (Fig. 2). There is
disorder of ribosomes localization on its membranes.
Internal reticular apparatus is vacuolized. Cytoplasm
syncytium contains a lot of closed vesicles, free
ribosomes and granules of various electrone density.
In comparison with syncytiotrophoblast the changes

XY - LA A MY
Puc. 1. YyacTok OTCIIO€HHS MHUKPOBOPCHHOK OT ITOBEPX-

HOCTHU CI/IH].[I/ITI/IOTpO(I)OGHaCTa I10CJIC 3aM0pa)KI/IBaHI/I${ 663
JIMCO, x25100.

Fig. 1. Site of microvilli exfoliation from a surface of syncy-
tiotrophoblast after freezing without DMSO, x25100.
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Puc.2. YaprpacTpyKkTypa HUTOMIA3Mbl CHHIUTHOTPOGDO-
6sacta nocie 3amopakuBanus 6e3 JIMCO, x16300

Fig. 2. Ultrastructure of syncytiotrophoblast cytoplasm af-
ter freezing without DMSO, x16300.

B e

BEIIECTBa CTPOMBI ¢ 00pa3oBaHueM OOJIBIINX, BAKYO-
neobpa3HbIX, 0€3 BHYTPEHHETO COIOEPKUMOTO,
nojoctei. B To ke BpeMs 3JIEMEHTHI CTPOMBI MEHEE
[TO/IBEPKEHBI CTPYKTYPHBIM H3MEHEHHSM.

TakuM oOpa3oM, OTMEUYEHHBIE TTOCIIE OTOTPEBA B
CTPYKTYpE TKaHH IUTAIEHTHI MOP(OIOTUIECKIE H3ME-
HEHHS B BHJIE €€ Pa3phIXJICHHS U 00pa3oBaHHUs MOJIOC-
TeH, TUIIEHHBIX BHYTPEHHETO COJEPKUMOTO, SBIISIOT-
Csl IPSIMBIM CBUJIETEILCTBOM OOpa30BaHUs BHYTpPHU-
TKAaHEBBIX 1 BHYTPUKJIETOYHBIX KPUCTAJIIOB JIbAA. ITO
MOJTBEPKAACT U 3HAYUTEIHbHOE CHIKEHUE JIOJU
reMOTJIO0MHA B 3PUTPOIUTAX, PACTION0KECHHBIX B
MpOoCBeTax KanmuisipoB. OMHAKO KIETKH Pa3IMIHbIX
CJIOEB TKaHH MO-Pa3HOMY PearupyroT Ha HU3KOTeMIIe-
paTypHOE BO3/IEHCTBUE.

[Ipu HHU3KOTEMIIEpAaTypHOM KOHCEPBUPOBAHUHU
mwianeHTsl ¢ JIMCO moBepXHOCTh CHHIIUTHOTPOGO-
Onacra coIepKUT MUKPOBOPCUHKH Pa3IUYIHOMN JTTHHBI
U JIEKTPOHHOHN MIoTHOCTH. Pexe HaOmromaroTcs
y4acTKu 0e3 BOPCHH. Slapa CHHIMTHUS TeTepOTreHHbI
10 CTENEHU COXPAHHOCTH CBOEU CTPYKTYphl. B iuto-
I1a3Me CHHITUTHS TPeoOIalaloT XOPOIIo COXPaHHB-
[IMeCs MUTOXOHAPUY OBAITLHON WIT OKPYTIION (hOpMBI
C MaTPUKCOM CpeAHEN DJIEKTPOHHOU IJIOTHOCTU U
YETKUMH KpucTaMu (puc. 4). DIeMeHThI 3epHUCTON
OIIC npencTaBiieHbl B BUAE PaCIIMPEHHBIX HUCTEPH
C OTHOCHUTEJIBbHO PaBHOMEPHBIM pacnpelelieHueM
pubocombl. BHyTpeHHuil ceTuarbiii anmapar (KOMII-
niekc ['01bp1K1) COCTOUT M3 TIIaIKOCTEHHBIX IUCTEPH,
OKPYXEHHBIX My3bIpbKaMu. B MeHblIel cTeneHu u
MEHBIINX pa3MepOB HAOMIOAAIOTCS yYaCTKU JIECKBa-
Malluy nuTeus. B sapax nutorpodo061acToB 10MH-
HHUPYIOT IPEUMYIIECTBEHHO DYXPOMATHH U y3KOe
PaBHOMEPHOH IIMPUHBI IEPUHYKIIEAPHOE TPOCTPAHCT-
Bo. X muTomia3mMa cofepUT HEMHOTOYHCIICHHBIC
pacmnpensble kaHanblbl IIIC u MUTOXOHIpUH C
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Puc.3. Y4acTok OTCIIO€HHS SMUTEIHAIBHOIO IIACTa OT
CTpOMBI Tocite 3amopakuBanus 6e3 JIMCO, X14600.

Fig. 3. Site of epithelial layer exfoliation from stroma after
freezing with DMSO, x14600.

of cytotrophoblast ultrastructure are less manifested,
although in these cells there are found mitochondria
with enlightened matrix, disordered structure of crysts
and swollen ER cisterns.

Basal membranes separating epithelium from villi
stroma is practically along the whole length widen and
loosen. For this freezing regimen is characteristic partial
exfoliation of epithelial layer from stroma (Fig. 3). There
is observed loosening of intercellular substance of
stroma with the formation of large, vacuole-like, inner
content-free cavities. At the same time the stroma
elements are less subjected to structural changes.

Noted after thawing in placenta tissue structure
morphological changes as its loosening and formation
of cavities deprived of inner contents, are direct
evidence of the formation of intratissue and intracellular
ice crystals. This confirms also considerable decrease
of hemoglobin share in erythrocytes located in lumen
of capillaries. However the cells of different layers
response to low temperature effect in a different way.

At low temperature preservation of placenta with
DMSO the surface of syncytiotrophoblast contains
microvilli of various length and electrone density. More
seldom there are observed the sites with no villi.
Syncytia nuclei are heterogenous on the degree of
integrity of their structure. In syncytium cytoplasm well
preserved mitochondria of oval or roundish shape with
the matrix of average electrone density and distinct
crysts predominate (Fig. 4). Elements of granular ER
are presented as widen cisterns with quite an even
distribution of ribosomes. Internal reticular apparatus
comprises smooth-wall cisterns, surrounded by
vesicles. There are observed the sites of epithelium
desquamation in less extent and of less sizes. In nuclei
of cytotrophoblasts predominate mainly euchromatin
and narrow perinuclaer space of uniform width. Their
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Puc. 4. YnprpactpyKkTypa HUTOIUIA3MbI CHHIUTHOTPOdO-
6nacra mocie 3amopaxkusanust ¢ IMCO, x24300.

Fig. 4. Ultrastructure of syncytiotrophoblast cytoplasm af-
ter freezing with DMSO, x24300.

MIPOCBETICHHBIM MaTpUKCOM. bazanbpHas memOpaHa
HUMEET OTHOCUTEIBHO PAaBHOMEPHYIO IINPUHY U Ooliee
OJHOPOAHYIO MIOTHOCTH (puc. 4). MHorga Habmro-
JAIOTCA YYACTKH Pa3pBIXJICHUS MEXKKIETOYHOIO
BEIIIECTBA CTPOMBI (pHC. 5). DHIOTEINATbHBIE KIETKH,
B OCHOBHOM, COXPAHSIOT CBOU YIBTPacTPyKTypHBIE
xapakrepucTuky. Mx HebonpIne sapa ciierka BhITS-
HYTBI B/I0JIb 0a3abHOM MeMOpaHbI, a HEMHOTOYNC-
JICHHBIE MUTOXOH/IPUH alTMKAJIbHOM YaCTH U TOIIIa3MBbI
MMEIOT IUTOTHBII MaTPHKC ¥ KOPOTKHE KpUCTHL. OnHa-
KO M B 3TUX YCJIOBHUSIX HEPEIKO MOXXHO HaOmIoAaTh
OTCIIOGHHUE SHIOTENNAIBHBIX KJIETOK OT IPHUJIETAIOIINX
K COCyZaM YyYacTKOB.

BuiBOABI

Takum 00pa3om, IpOBeACHHBIE HCCIIEIOBAHU
MTO3BOJIAIOT CKa3aTh, YTO HU3KOTEMIIEPATypHOE KOH-
cepBupoBanue 0e3 3amuThl JJMCO npuBoauT K
CYIIECTBEHHBIM U3MEHEHUM B CTPYKTYpPE TKaHH Il1a-
LIEHThI, HAOIIOIAEMbIM B BHJI€ OOIIEro €€ Pa3phiX-
JIEHHS, OTCIOCHHUS SIHUTENHSI. DTH U3MEHEHHs Ha
YIBTPACTPYKTYPHOM YPOBHE HanboJiee BbIPaKECHBI B
MOBEPXHOCTHOM CJIO€ BOPCUHYATOTO XOPHOHA — CHHIIU-
tuotpododmacte. OHU MPOSBISIIOTCS B BUAE YBEIIU-
YEHUs I0JIU TeTepoXpoMaTrHa, AeCTPYKIUU MEMOpaH
OIIC, MUTOXOHIpHI, BHYyTPEHHETO CETYATOTrO arma-
para. Mop¢onoruyeckuM HapyLUIeHUSIM ITOABEP>KEHbI
BCE CTPYKTYPBI TKaHU: HUTOTPO(0OIaCThI, Oa3anbHas
MeMOpaHa ¥ SHJIOTEIHUH COCY/IOB, & TAKKE MEXKKIIe-
TOYHOE BEIIECTBO.

B 10 xe Bpems mpu HH3KOTEMIEPaTypHOM
KoHCcepBupoBaHuH mianeHTsl ¢ JJMCO oTmedaroTcs
MeHee BBIPa)KEHHBIE YIIBTPACTPYKTypHBIE H3MEHEHUS
KJIETOK, T.€. MPOHUKAIMui kpuornporekrop JMCO
OKa3bIBaeT 3alIUTHBIN 3P dekT u obdecneynBaer
JYYIIYyI0 COXPAHHOCTH YJABTPAcCTPYKTYPbl KIETOK
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Puc. 5. Pa3pbixiieHre MEXKIETOYHOTO BEIIECTBAa CTPOMBI
nociie 3amopakuBanus ¢ JIMCO, x26300.

Fig. 5. Loosening of intercellular substance of stroma after
freezing with DMSO, x26300.

cytoplasm comprises non-numerous widen canaliculi
of ER and mitochondria with enlightened matrix. Basal
membrane has relatively even width and more uniform
density (Fig. 4). Sometimes the sites of loosening of
intercellular substance are observed (Fig. 5). Endo-
thelial cells mainly preserve their ultrastructural
characteristics. Their small nuclei are slightly elongated
along basal membrane and not numerous mitochondria
of apical part of cytoplasm have a dense matrix and
short crysts. However even under these conditions
sometimes one can observe the exfoliation of endo-
thelial cells from adjacent to vessels sites.

Conclusions

Thus performed studies allow to conclude that low
temperature preservation without DMSO protection
results in significant changes in the structure of
placenta tissue, observed as its general loosening,
epithelium exfoliation. These changes at ultrastructural
level are the most manifested in surface layer of villous
chorion, syncytiotrophoblast. They are manifested as
an increase in the share of heterochromatin, destruction
of membranes of endoplasmatic net, mitochondria,
internal reticular apparatus. All tissue structures are
subjected to morphological impairments: cytotropho-
blasts, basal membrane and endothelium of vessels as
well as intercellular substance.

At the same time under low temperature preser-
vation of placenta with DMSO there are noted mani-
fested ultrastructural changes of cells, i.e. penetrating
cryoprotectant DMSO renders a protective effect and
provides higher integrity of placenta cell ultrastructure.
However that fact that in DMSO presence we
observe morphological changes as a partial loosening
of structure, formation of small, content-deprived
cavities, testify to crystallization processes in tissue
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mianeHTsl. OAHAKO TOT (DaKT, 9TO U B MPUCYTCTBUU
JIMCO wmpb1 HaOmonaeM Mop(hoIOTHIECKUE H3MEHE-
HUSl B BHJIE YACTUYHOI'O Pa3pbIXJICHHUS CTPYKTYDBI,
o0pa3zoBaHus HEOOIBIINX, TUIIEHHBIX COAEP)KUMOTO
MOJIOCTEH, CBUACTENBCTBYET O KPUCTAIUIN3ALUOHHBIX
mpoleccax B TKAHHU IPHU 3aMOPaKUBAHUU. DTO MOKET
OBITH CBS3aHO KaK C MAJIOH KOHIIEHTpaLel KpHOIIPO-
TEKTOpPa, TaK U C HE MTOJHBIM €0 IPOHUKHOBEHHUEM B
CTPYKTYPY TKaHU 32 BpeMs SKBHIHOpaIny.
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during freezing. This may be related to both low
concentrations of cryoprotectant and its incomplete
penetration into tissue structure during incubation time.
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