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Mopdosroruueckre 0CO0EeHHOCTH U MUKPOOHNOTAa TOHKON KUIIKH

A.B. Kysuenos!, O.B. Copokun?, JI.IO. Koctuna', M.A. Kapnios!, A.Il. Hagees?, B.B. /loaros?,
A.A. T';ta3koB!
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AHHOTAIIUA

BBegeHue. HecMOTps HAa CBOIO IPOTSXKEHHOCTH M QYHKITMOHAIIBHOE PA3HOOOpa3yre, TOHKAs KHIIKa PacCMaTpHUBa-
eTcs IIPU XUPYPrUYeCcKUX ONEPANNAX KaK eIUHBIN OpraH, 6e3 4eTKOTo JieJIeHHs Ha oT/esbl. [TpobieMa HeCOCTOSATETbHO-
CTHY KUIIEYHBIX aHACTOMO30B JI0 CUX TIOp He pellleHa U COCTaBJIAET OT 3.4 710 15.3 % c ieTaabHOCThIO /10 18.6 %. BrisaBieHue
QHATOMHYECKUX 0COOEHHOCTeH pasHBIX OTZEJIOB TOHKON KUIIKM U UX COAEPKUMOTO HMeeT IIPAaKTHYecKoe 3HaueHHe B
XUPYPTUUECKOH MPAKTHKE C IO3UIIUU TPODIIAKTHKY OCT0KHEHUH.

IT e 1 b . BriABiieHHEe MOPG)OTIOTHUECKUX OCOOEHHOCTEH PAa3HBIX OTEJIOB TOHKOH KUIITKA X MHUKPOOHMOTBI.
MaTepuanb U MeTO/Jbl . [IpoBegeHO u3yvueHre 26 OPraHOKOMIUIEKCOB TOHKOW KUIIIKK HA JTalle ayToll-
cuu. Ha pa3HOM yziasieHus OT cBA3KH TpeiTra n3ydeHsl MOpGOIOTHIecKre 0COOEHHOCTH TOHKOH KHIIIKH, COCTAB BHYTPH-
IIPOCBETHOU MUKPOOHOTBHI, a TAKIKeE JIENKOITUTapHast WH(MUIBTPAIUS CTEHKU KUIITKH.

PesynbTartsl . Mopdosornueckue XapaKTePUCTHKN TOHKOH KUIIKK HOCAT KaK MHUBUAYAIbHBIN (IJIMHA), TAK U
ob1iepacupocTpaHeHHbIH (M3MeHeHe BEHO3HOH apXUTEKTOHUKH U IIOCTENIEHHOE YMEHBIIIEHNe THaMeTpa KUIIIKU B Kay-
JTaJIbHOM HaIpaBJIeHUH) XapakTep. KoJnyecTBO M KJIETOYHBIN COCTaB JIEHKOIUTOB B CTEHKE TOHKOH KUINIKHU MPUOIN3U-
TeJIbHO OJIMHAKOBBI, UTO 00ECIIeYBaeT PABHYIO HMMYHOJIOTHYECKYIO 3aI[UTY BHE 3aBUCUMOCTH OT YAAJEHHOCTU OT CBA3KHU
Tpeiitiia. KoHrieHTpaus MUKPOOHBIX MTOMYJIAINN U MX KAUeCTBEHHBIH COCTaB MEHSIOTCS Ha pA3HOM IPOTSKEHHUH TOHKOH
KHUIIKYU, C IIOCTEIIEHHBIM IIOBBIIIEHHEM K TEPMHHAIBHOMY OTZesy. VI3MeHeHUs KadyeCTBEHHOTO U KOJINYECTBEHHOTO
COCTaBa MUKPOOUOTHI B ITPOCBETE KUIIKK He IPUBOAUT K U3MEHEHHUIO JIeHKOIIUTAPHOH peakIuH.

3akawueHHe . [[puIUIaHUPOBAHUU U IPOBEIEHUN XUPYPTUUECKOH OMIEPAIIIH HEOOXOAMMO YIUTHIBATD HATUYIHE
pasHoro o6beMa 1 BUIOBOTO COCTaBa OaKTEPHUATBHON MAaCChI, a TaKXKe MOP(OJIOTHUeCKe 0COOEHHOCTU Pa3HbBIX OT/EJIOB
TOHKOU KUIITKU.

Kaoueenle cao8a: TOHKAS KUMTKA, MOPGOJIOTHA, MUKPOONOTA KUIIETHIKA, XUPYPIUYecKast Oleparus.

Oo60pasen murupoBaHusna: Kysuenos A.B., Copokun O.B., Kocruna JI.IO., KapioB M.A., HaneeB A.Il., {o-
roB B.B., I'tazkoB A.A. Mopdosioradeckre 0COOEHHOCTA U MUKpOoOroTa ToHKo# kutiku // Journal of Siberian Medical
Sciences. 2023;7(4):7-22. DOI: 10.31549/2542-1174-2023-7-4-7-22

Morphological features and microbiota of the small intestine

A.V. Kuznetsov’, O.V. Sorokin?, L.Yu. Kostina*, M.A. Karpov', A.P. Nadeev?, V.V. Dolgov?,
A.A. Glazkov*
‘Novosibirsk State Medical University, Novosibirsk, Russia

2VedaGenetics LLC, Novosibirsk, Russia

ABSTRACT
Introduction. Despiteitslength and functional diversity, the small intestine is considered during surgical oper-
ations as a single organ, without a clear division into segments. The problem of intestinal anastomotic leakage has not yet
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been resolved, and its proportion is from 3.4 to 15.3%, with a mortality rate of up to 18.6%. Identification of the anatomical
features of different segments of the small intestine and their contents is of practical importance in surgery in terms of
prevention of complications.

A i m . Identification of morphological features of different segments of the small intestine and their microbiota.
Materials and methods. Anexamination of 26 samples of the small intestine during autopsy was per-
formed. The morphological features of the small intestine, its intraluminal microbiota composition, as well as leukocyte
infiltration of the intestinal wall were studied at different distances from the ligament of Treitz.

R e s ults. The morphological characteristics of the small intestine are both individual (length) and common (changes
in venous architectonics and a gradual decrease in intestinal diameter in the caudal direction). The number and cellular
composition of leukocytes in the wall of the small intestine are approximately the same, which provides equal immuno-
logical protection regardless of the distance from the ligament of Treitz. The concentration of microbial communities and
their qualitative composition change at different lengths of the small intestine, with a gradual increase towards the termi-
nal segment. Changes in the qualitative and quantitative composition of the microbiota in the intestinal lumen do not lead
to changes in the leukocyte reaction.

Conclusion. When planning and performing a surgical operation, it is necessary to take into account the pres-
ence of different volumes and species composition of the bacterial load, as well as the morphological characteristics of
different segments of the small intestine.

Keywords: small intestine, morphology, intestinal microbiota, surgery.
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BBEJAEHUE

IIpu upoBesmeHUN Je4eOHBIX MAHUIYJIANWH U
omnepanuii Ha TOHKOU KHUIIIKE OHA OOBIYHO paccMa-
TpHBaeTcs Kak eIMHbIN opraH 6e3 yueTa aHaTOMUYe-
CKHX OCOOEHHOCTEH pa3HBIX OTAEJIOB, a TaKXKe
MUKpPOGJIIOpEl U XapakTepa xumyca [1]. OO6meuns-
BECTHOe JleJleHHe TOHKON KHIIKH Ha 12-TIepCTHYIO,
TOIIYI0O W IOZAB3JAOIIHYIO HE JaeT YETKOTO OTBETa,
I7le 3aKaHYMBAETCS TOIAS M HAYNHAETCS IT0/[B3/I01II-
Has Kuika. ONUCHIBAIOTCA JIUIIb HAanOoJIee Xapak-
TepHbIe AHATOMHUYECKHE U MOP()OJIOTUUECKUE TTPHU-
3HAKU BTUX OT/IeJIOB. BosbIIas MpoTs»KeHHOCTh TOH-
KO KHIIIKY JIeJIaeT ee YacThIM yUYaCTHUKOM Pasjiny-
HBIX ITATOJIOTHUECKUX IIPOIIECCOB B OPIONIHOM MOJIO-
cru. IIpoHUKamye paHeHUs, yIIeMJIEHHE TPBIK,
3aBOPOTHI, 3200JIEBAHUA U OIyXOJIH TOHKOU KHUIIKU
B OOJIBIIIMHCTBE CJIy4aeB TPeOYIOT OIEPATHBHOTO
yZIaJIeHHs YacTH OpraHa C ero JaJbHeUIINM BOCCTa-
HOBJIeHHeM. HecocToATebHOCTh KUIIEYHOTO IIBa
JI0 CHX TIOp SIBJISIETCS TPO3HBIM OCJIOKHEHHEM B
abIOMUHAILHOU XUPYPIUU, OCOOEHHO B YCJIOBHSX
neputonuta [2, 3]. Ilpu dopmupoBaHUN IEepBUY-
HBIX TOHKO-TOHKOKHIIIEUHBIX aHACTOMO30B UX HECO-
CTOATEJIBHOCTB IOCTUTAET 3.4 %, & TPU TOBTOPHBIX —
0 10.9—15.3 % c jeTanbHOCTBIO 10 18.6 % [4, 5].
[Ipu HaMOXKEHUU KUIIIEYHOTO IIBA OOJIBIIYIO POJIh
WUTPAIOT MECTHBIE YCJIOBUsS, HAJIMYNE MEPUTOHUTA,
M3MeHEeHHBIN InaMeTp KUIIKU U 00lilee COCTOSHUE
marenTa. Vmeronuecs: crocoObl MPOo(UIaKTUKH
HECOCTOATEIHHOCTH KHUIIIEYHOTO IIBA UMEIOT Pa3HO-

INTRODUCTION

When carrying out medical procedures and sur-
geries on the small intestine, it is usually considered
as a single organ without taking into account the
anatomical features of different parts, as well as the
microflora and nature of the chyme [1]. The well-
known division of the small intestine into the duode-
num, jejunum and ileum does not give a clear answer
where the jejunum ends and the ileum begins. Only
the most characteristic anatomical and morphologi-
cal features of these segments are described. The
large extent of the small intestine makes it a frequent
participant in various pathological processes in the
abdominal cavity. Penetrating wounds, hernia stran-
gulation, volvulus, diseases and tumors of the small
intestine in most cases require surgical removal of
part of the organ with its further restoration. Intesti-
nal suture failure is still a serious complication in
abdominal surgery, especially in the presence of
peritonitis [2, 3]. When primary ileoileal anastomo-
ses are formed, their failure reaches 3.4%, and with
reoperations — up to 10.9-15.3% with a mortality
rate of up to 18.6% [4, 5]. When creating an intesti-
nal anostomosis, the local conditions, presence of
peritonitis, altered intestinal diameter and the
patient’s health status play an important role. The
existing techniques for preventing an intestinal
suture failure are multidirectional, but so far they
have not been able to completely solve the problem
[6-8].
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HaIpaBJIEHHBIA XapaKTep, HO IMOJIHOCThIO ITPobJIeMy
ITOKa OHU PENINTh He cMorutu [6—8].

MukpoOuOTa KHIIEYHUKA TaKKe UTPAET BAYKHYIO
poJib Kak B (YHKIMOHHPOBAHHUHU 3JI0POBOTO Opra-
HU3Ma, TaK U B BOCCTAHOBJIEHWH MAIMEHTa ITOCTE
omepanuu [9—11]. B psge ciydaeB oHa MOXKET
SIBJIAThCS  YACThIO JIedeOHBIX MeporpusaTuil [12].
Paznnuust B MUKpodJIope TOHKOU U TOJICTON KUIIIKHA
COMHEHHU He BBI3bIBAIOT [13, 14]. I3yueHre MUKpO-
(J10pBhI TOHKOUW KHIIIKK 3aTPYIHUTEIHBHO BBUJY €€
MPOTSKEHHOCTH W MHPOOJIEMAaTHYHOCTH aTpaBMa-
TUYHOTO B3SITUS KHUIIIEYHOTO COAEPKUMOTO U3 Pas-
HBIX OT/IeJIOB. B oTyiMuHMe OT Keyry/iKa, 12-TIEPCTHOHN
KHUIIKY U TOJICTOM KUIIIKK, UCIIOJTh30BAHHE DH/IOCKO-
MMUYECKOTO Crocoba MpU HU3ydYeHWUU TOIEH U TOA-
B3JIOIITHON KHUIIKHA OYeHb OTpaHu4eHo. VccaemnoBa-
TeJIM, KaK MPABUJIO0, OTPAHUYNBAIOTCS MOJIYUEHUEM
MaTepuayia nmpu (GUOPOraCTPOCKOIIUU U3 IMPOKCH-
MaJIbHOTO (JIBEHAIIATHIIEPCTHON KHWIIKHA) H JUC-
TaTbHOTO (TP GUOPOKOIOHOCKOIINH) OTAEI0B TOH-
KOU KHIKH. J[OTIOJIHUTEIBHOU MPOOJIEeMON BSHJI0-
CKOITMYECKOTO HM3YYEHUs] TOIIEH W ITOAB37OIIHOHN
KUIIKA SABJIsSIETCS WX CBOOOAHAS TOJBUKHOCTH B
OpIOIITHOK IIOJIOCTH B OTJIMYHE OT TOJICTOH H
12-TIEpCTHON KUWIIKH, (DUKCHPOBAHHBIX B OIpeEJie-
JIEHHBIX MecTax. 9TO 3aTPYAHSIET MPOIecC HAHU3BI-
BaHUS KUIIIKW Ha aliiapar v cOopa CTEHKU KUIIIKUA B
cxtaaxu (cOopuBaHue), /s o0ecrieYeHus JaTbHeH-
mnrero mpoaBmkeHus [15]. Takum oO6pazom, OCHOB-
Hasl 4aCcTh TOHKOU KHUIIKH OCTAETCS MaJIOZOCTYITHOH
JUIsT TPWKU3HEHHOTO U3y4YeHHss MOpPQOJIOTHH U
MHUKPOGIIOPH! [16], B TO BpeMs: Kak Mopdosioruye-
CKHe 0COOEHHOCTH PAa3HBIX OT/IEJIOB TOHKOU KHIITKH
U UX MUKPOOHOTA HY:KIAIOTCSA B JAJIbHEUIIIEM H3Y-
YEeHUU U YUeTe TIPU IIAHUPOBAHUHN XUPYPTUUECKOH
OIIepaIlfi, a TAK}Ke B [I0CIE0TIEPAIITIOHHOM IIEPUOIE.

ITEJIb UCCJIEJIOBAHUSA

BoisiBsieHne Mop@osiornueckux 0coOeHHOCTeH
PAa3HBIX OT/IEJIOB TOHKOH KHUIIKU U UX MUKPOOUOTHI
y JIIOZiell ¢ pa3JIuYHbIMH aHTPOIOMETPUYECKUMHU
JIAHHBIMU Pa3HOTO I10JIa U BO3pacTa.

MATEPUAJIBI 1 METO/IbI

ITpoBeneHo wusyueHHe 26 OPraHOKOMILJIEKCOB
TOHKOH KHIIKH TIPU IaTOJIOT0AaHATOMUYECKOM
BCKPBITUH IAIUEHTOB, YMEPIITUX OT IPUYHH, HE CBSI-
3aHHBIX C 3a00JIEBAHUAMU KEJIYZOUHO-KHUIIIEYHOTO
tpakta (PKKT), He mosy4yaBIIMX aHTHOAKTEPUAIIb-
HYIO TepaIuio, COpOEHTHI WU CJIa0UTETbHBIE ITPemna-
patbl. BpeMeHHOI TPOMEKYTOK UCCIIEIOBAHUS — 10
12 4 mocje cMepTH. MaKpOCKOIMHYECKH U3ydaiu
OOIIYI0 MPOTSI?KEHHOCTh TOHKOU KUIIKU OT CBSI3KH
TpeidToa 70 MIEOLEKAJIBHOTO YIJIa, €€ HUaAMETP,

The intestinal microbiota also plays an important
role both in the functioning of a healthy body and in
the patient’s recovery after surgery [9—11]. In some
cases, it may be a part of therapeutic measures [12].
The differences in the microflora of the small and
large intestines are beyond doubt [13, 14]. Studying
the microflora of the small intestine is difficult due to
its extent and the difficulty of atraumatic sampling
from different parts of the small intestine. Unlike the
stomach, duodenum and ileum, the use of endoscopy
in the study of the jejunum and ileum is very limited.
The examiners, as a rule, limit themselves to obtain-
ing samples from the proximal segment (duodenum)
during the upper gastrointestinal endoscopy, and
from distal segment of small intestine — during colo-
noscopy. An additional problem in endoscopic exam-
ination of the jejunum and ileum is their free mobil-
ity in the abdominal cavity, in contrast to the colon
and duodenum, which are fixed in certain places.
This complicates the process of stringing the intes-
tine onto the tube and in folding of the intestinal wall
for moving forward [15]. Thus, the main part of the
small intestine remains inaccessible for intravital
study of morphology and microflora [16], while the
morphological features of different parts of the small
intestine and their microbiota require further study
and with planning a surgical operation, as well as in
the postoperative period.

AIM OF THE RESEARCH

Identification of the morphological features of
different parts of the small intestine and their micro-
biota in people with different anthropometric char-
acteristics, various gender and age.

MATERIALS AND METHODS

We examined 26 samples of the small intestine
during autopsy of patients who died from causes not
associated with gastrointestinal diseases, who did
not receive antibacterial drugs, sorbents or laxatives.
The time range of the examination was up to 12 hours
after death. The total length of the small intestine
from the Treitz ligament to the ileocecal angle, its
diameter, the number and diameter of the mesen-
teric vessels were examined macroscopically. When
investigating the vasculature, veins were examined
as an important part of the return of blood from the
intestine to the hepatic portal system, and directly
related to the morphology and function of the intes-
tine. An additional factor was that veins did not col-
lapse after cardiac arrest and that, unlike arteries,
they were clearly visible. The duodenum was not
included in the examination due to its significant dif-
ferences from other parts of the small intestine: short
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KOJIMYECTBO M IMAMETP BBIXOJAIIUX U3 OPbIXKEHKH
cocy/1oB. I[Ipu U3ydeHUH COCYJUCTOMN CETU HCCIIEO-
BJIM BEHBI, KAK BAJKHYIO YacTh BO3BpaTa KPOBHU OT
KHUIIKU B TIOPTAJIbHYIO CHCTEMY TI€UEHH U HATIPSIMYTO
CBA3aHHYI ¢ Mopdosiornedl U (GyHKIMEH KHUIIKH.
JonosHuTeTbHBIM (aKTOPOM OBLIO UX HECIaJIeHUe
IOCJIe OCTAaHOBKHU Cep/illa U TO, UTO, B OTJIMYHE OT
aprepuii, OHM OBUIH XOPOIIO BUAHBI. /[BeHaIaTH-
MepCTHAs KUIIKA He OblIa 33/1efiCTBOBaHA B HCCIIE-
JIOBAHUU II0 NMPUYUHE €€ CEePhEe3HBbIX OTJIUYHU OT
JIDYTUX OTJEJI0B TOHKOU KHUIITKH: MaJION MPOTSKEH-
HOCTH, 0cO60TO KPOBOCHAOKEHUSI, OTCYTCTBUS OPbI-
JKEHKH, YaCTUYHO 3a0PIONIMHHOTO PACIIOJIOKEHUS,
TECHOU CBSI3U C KETYHBIMH ITPOTOKAMH U TTO/KEITY-
JIOYHOM 2KeJIe30H, a TaKXKe ee XOpOoIleld U3y4eHHO-
CTH BCJIE/ICTBHE DHIOCKOITNYECKOH IOCTYITHOCTH.

Jis orcuera JUIMHBI TOHKOHM KHIIKH ObLia
BbIOpaHa cBsidka TpeHTIla, Kak TOCTOSHHAs |
JIOCTyIIHAsI aHATOMHUYECKask CTPYKTypa. 3abop mpob
JUTSI MUKPOIIPEIapaTOB BBITIOJIHSJIN Ha PACCTOSTHUU
ot cBsA3ku Tpeltna B 10, 100, 200, 300 U 400 CM.
B cityuae AJTMHBI KMIITKH CBBIIIE 400 CM IOCIEHIOI0
po0y 6pajiu B 10 CM OT WJIEOLIEKAJIBHOTO yTJIa.

T'ucrosioruueckyie mpenapaTbl TOTOBWIN IIyTEM
¢ukcanuu B 10% HEUTpaIIbHOM (POPMATUHE, IPOBE-
JIeHUsI yepe3 CEpUI0 CIIMPTOB BO3PACTAOIINEN KOH-
IEHTPaluy U 3akjIioueHusn B napadpuu. Ha Mukpo-
tome Microm HM355S (Thermo Scientific, CIIIA)
HU3TrOTABJIMBAJIA TUCTOJIOTHYECKHE CPE3bI TOJIITUHON
5—6 MKM, OKpAaIllUBaJId T'€MAaTOKCUJIMHOM W 303H-
HOM. ['HCTOJIOTHYECKOe HCCIeOBaHME TTOYIYEHHBIX
CpPE30B IPOBOJIMJIN C HCIOJIB30BAaHUEM CBETOBOTO
Mukpockona AxioStar (Carl Zeiss, 'epmanus) u
3aKPBITON TECTOBOU CHCTEMBI U3 25 TOYEK ILIOIIA-
JIbI0 1600 MKM? TIpU yBEJIUYEHUU B 400 pa3 B
Q0 TOJIAX 3peHUs JJId KaKAOTO OT/Aesia TOHKOM
KUMKA. [1071cCIUTHIBAIN 00BbEMHBIE IIJIOTHOCTH COCY-
7108 (VV), Ipy OMOIIY OKYJISIPp-MUKPOMETpPa H3Me-
PSTM ¥ BBIYUC/SUIM CPeIHUE JUaMeTPhl COCYZIOB
CTEHKH KUIIKN (MKM).

KosinyecTBeHHBIH M KauyeCTBEHHBIM COCTaB
MHUKPOOUOTHI U3YYaIU C IIOMOIIBIO TECT-CUCTEMBI
«Kosnono®sop 8» (000 «Anwdanab», Poccus) Ha
6aze OO0 «Benmal'eneruka» (HoBocubupck, Poc-
cus) nyteMm ITI[P-ananmn3a mpob KUIIIEUHOTO COJIEP-
JKMMOTO, TTOJIYYEHHOTO M3 COOTBETCTBYIOIIUX OT/IE-
JIOB TOHKOU KHIIIKA BO BPEMs ITAaTOJIOTOAHATOMUYE-
CKOTO BCKDBITHs, XPAHUBIIUXCS B TePMETHUHBIX
KOHTelHepax Ipu TeMmIiiepatype —20 °C 10 nposeje-
HUA uccaenoBaHus. [lokasaresnpb obmier OGaxkrepwu-
ampHON Maccel (OBM) ompezensii 1o 0O0IIHM,
XapaKTePHBIM 71 BCEX MHUKPOOPTaHU3MOB OakTe-
pUaTbHBIM TeHaM (JIMIOIOJINCAXapUJibl, OeIKu
Membpanbl, yuactku JJHK) wiu ux coueTaHusM.

length, special blood supply, absence of mesentery,
partially retroperitoneal location, close connection
with the bile ducts and pancreas, as well as the high
level of knowledge due to its accessibility for endo-
scopy.

To measure the length of the small intestine, the
Treitz ligament was chosen as a permanent and
accessible anatomical structure. Samples for slides
were taken at a distance of 10, 100, 200, 300 and
400 cm from the ligament of Treitz. If intestinal
length was over 400 cm, the last sample was taken at
10 cm from the ileocecal angle.

Tissue specimens were prepared by fixation in
10% neutral formalin, passing through alcohol baths
of increasing concentration and embedding in paraf-
fin. Histological sections 5—6 um thick were made
using a Microm HM355S microtome (Thermo Scien-
tific, USA) and stained with hematoxylin and eosin.
Histological examination of the sections obtained
was carried out using an AxioStar microscope (Carl
Zeiss, Germany) and a closed test system of 25 points
with an area of 1600 um? at 400 magnification in
90 fields of view for each segment of the small intes-
tine. The volumetric density of the vessels (Vv) was
calculated, and the median diameters of the intesti-
nal wall vessels (um) were measured and calculated
using an eyepiece micrometer.

The quantitative and qualitative composition of
the microbiota was assessed using a Colonoflor 8 kit
(Alphalab LLC, Russia) on the basis of VedaGenetics
LLC (Novosibirsk, Russia) by PCR of samples of
intestinal content from the corresponding segments
of the small intestine during autopsy, which stored in
sealed containers at a temperature of —20°C. The
total bacterial load (TBL) was determined by com-
mon bacterial genes, characteristic of all microor-
ganisms (lipopolysaccharides, membrane proteins,
DNA sites), or their combinations.

For statistical processing of the results obtained,
Statistica 10.0 software (StatSoft Inc., USA) was
used. The probability of significant differences
between the compared average values (M + m) was
determined using the Student’s t-test under the con-
dition of the normal distribution of values in the
variation series and the Mann-Whitney U-test. Dif-
ferences were considered statistically significant at
p < 0.05.

RESULTS AND DISCUSSION

It was not possible to identify a direct relation-
ship between the length and diameter of the small
intestine based on gender and weight-height indica-
tors. For example: at the same age, a man with a
height of 185 cm and a weight of 120 kg had a small

10
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a1 craTuCTUYeCKOH OOpabOTKU IOJIyUEeHHBIX
PEe3yJIbTAaTOB HCIIOJIb30BAJIM Iporpammy Statistica
10.0 (StatSoft Inc., CIIIA). BepoATHOCTH IOCTOBEP-
HOCTH DA3JIMYUN MeXKJIy CPaBHUBAEMBIMH CpeZ-
HuUMH BemauHamu (M + m) ompeesnsuiu ¢ moMo-
mpio t-kputepus CThIOZIEHTa TPU YCJIOBHUU HOP-
MaUIBHOTO pacIipefieIeHusl BeJIMYUH B BapHAI[UOH-
HOM pAAay u U-kputepusa ManHa — YutHu. Paznuuus
CUHTAJIM  CTATUCTHYECKU JIOCTOBEPHBIMH  IIPHU
p < 0.05.

PE3YJIBTATDBI 1 OBCY KAEHUE

[IpsaMoi 3aBUCUMOCTH MEXK/Ty JJIMHON U Juame-
TPOM KHIIIKH I10 TIOJIOBOMY U BECOPOCTOBOMY ITOKAa-
3aTeJII0 BBIABUTH HE yAaaoch. JIia mpumMepa: Mpu
paBHOM Bo3pacTe y MYXYHUHBI pocToM 185 cM U
BECOM 120 KT JI/TUHA KUIIIKA COCTABUJIA 455 CM, a Y
MY?KUYHHBI POCTOM 178 ¢M U BecoM 60 KI' — 530 CM.
JIMvHA KUIIKK BCerja uMeJsia WHIAWBUAYAJIbHBIN
xapakTep. Bo BceX WM3yUeHHBIX CIydasx AuaMeTrp
0THOOOPa3HO MEHSICS 110 XOY BCEH JITHHBI KUIITKH:
B MPOKCUMAaIBHBIX OT/IeJIaX TOHKAs KHUIIKA MMeJia
HauOOJIBIINN AUAMETD, K AUCTATLHOMY OTJIeJly OH
3aMeTHO yMeHbIasics (puc. 1).

Tak, 3HaUMMOE yMeHbIIIEHUE JIHaMeTpa TOHKOU
KUIIKU Ha 18.4—29.3 % TPOUCXONIO Ha YPOBHE
200 CM B CPaBHEHHHU C YPOBHEM 10 CM OT CBSI3KU
Tpe#iTiia, ¥ AUAMETP MPOAOJIKAT YMEHBIIATHCS, YTO
0O'BSICHSIETCST TIOCTETIEHHBIM BCACBIBAHUEM JKUIKOH
YacTH XUMyca W yMeEHbIIIEHHEeM ero oobema. /lua-
METpP TOHKOM KHIIIKM MOKET UMETh BOKHOE 3HaUe-
HUE I TMMOHUMAaHUsA IPOTHO3a PA3BUTHSA YPOBHS
0OTYypaIlMOHHOU KHIIIEYHON HEMPOXOAUMOCTH IIPH

(o))
o

intestine length of 455 cm, and a man with a height
of 178 cm and a weight of 60 kg had a small intestine
length of 530 cm. The length of the small intestine
always was individual. In all the studied cases, the
diameter changed monotonically along the entire
length of the small intestine: in the proximal seg-
ments the small intestine had the largest diameter;
towards the distal segment it noticeably decreased
(Fig. 1).

Thus, a significant decrease in the small intestine
diameter by 18.4—29.3% was at the level of 200 cm
compared to the point of 10 cm from the Treitz liga-
ment, and the diameter continued to decrease which
is explained by the gradual absorption of the liquid
phase of the chyme and a decrease in its volume. The
diameter of the small intestine may be important for
understanding the prognosis of the development, the
grade of obturation ileus when a foreign body, a
bezoar passes through the intestinal lumen, as well
as determining the width of an intestinal anastomo-
sis, which should be comparable to the diameter of
the intestine at the site of its creating.

The venous vasculature at the border of mesen-
tery and intestine along the entire length of the
intestine changed in a strictly defined sequence
(Fig. 2, 3). In the proximal segments of the small
intestine, there were fewer vessels, the distance
between them was greater, and they were larger in
diameter. In the distal segments of the small intes-
tine, the veins were more frequent and located
closer to each other, while their caliber decreased.
The identified direct relationship between the
number of vessels along the entire length of the
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Puc. 1. /[uamMeTp TOHKOM KHIIKU Ha Pa3HOM yZaJeHuu oT cBsi3ku TpeitTia (cm) (p = 0.000345)
Fig. 1. Diameter of the small intestine at different distances from the ligament of Treitz (cm) (p = 0.000345)
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Puc. 2. CpeiHrie 3HaU€HUsI KOJIMYECTBA COCY/IOB Ha 10 CM OPbIKEEUHOr0 Kpasi Ha pa3HOM PACCTOSTHHH OT CBsI3KH TpeiTiia
(p = 0.0395) ) )
Fig. 2. Average values of the number of vessels per 10 cm of the mesenteric margin
at different distances from the ligament of Treitz (p = 0.0395)

MIPOXOXK/IEHUH B IIPOCBeTe KUIIKY HHOPOIHOTO TeJla,
6e30apa, a TakKe OIPE/IEJIEHUsA IIUPUHBI KUIIEeU-
HOTO aHACTOMO3a, KOTOPBIH JI0JKeH OBITh COIIOCTa-
BHM C IHAMETPOM KHIIIKU B MECTE €T0 HAJIOKEHUS.
BeHosnasi cerb B obsacté  OPBIXKEEUHO-
KHUIIIEYHOI'0 Iepexo/ia o Beel J/IMHe KUIITKU U3Me-
HAJIACh B CTPOTO OIPEJIeJIEHHON II0CIe0BATEIbHO-
cru (puc. 2, 3). B npokcuMaIbHBIX OT/I€JIaX TOHKON
KHUIITKA COCYZIOB OBLIIO MEHBIIIE, PACCTOSTHUE MEKIY
HuMU OOoJIbINe, a B IMAMETPe OHU KpymHee. B muc-
TaJIBHBIX OT/IeJIaX TOHKOUM KHUIIIKY BeHBI pacIoJsiara-
JINCh Yale U OJImKe APYT K JIPYyTy, IPU 3TOM UX
KamuOp yMeHbIIasIcs. BrIABIeHHAs mpsMas CBA3b
MeX/[y KOJINUYeCTBOM COCY/IOB Ha IPOTSIXKEHUU Bcel

intestine and the distance between these vessels
was observed for all samples studied. For the pur-
poses of objectivity, the ratio of the number of ves-
sels not only to the length, but also to the diameter
of the intestine was studied. The direct relation-
ship between the diameter of the intestine and the
number of vessels, the distance between them and
the diameter of the vessels was also confirmed: the
larger the diameter of the intestine, the fewer the
number of vessels, but of a larger caliber, the intes-
tine contains in an examined area. We associate
massive vessel branching into small veins in the
medial and distal segments with the active process
membrane digestion and absorption, which

35
¢ 33

30

*
)
Ul

25

20

L

20

16 ¢

15

10

¢ 11

KosinuectBo cocyioB / Number of vessels

0 T \ \
2 3 4 5

6 7 8 9 10

Paccrosinue mexx iy cocysamu, MM / Distance between vessels, mm

Puc. 3. CpeiHue 3HAUEHMS KOJIMYECTBA COCY/IOB HA 10 CM OPBIKEEUHOTO Kpast
B 3aBHCHMOCTH OT PACCTOSHUS MeKAY cocyaamMu (p = 0.001)
Fig. 3. Average values of the number of vessels per 10 cm of the mesenteric margin depending on the distance
between the vessels (p = 0.001)
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Puc. 4. CpesiHee OTHOIIIEHUE IIAMETPA KHIIIKU K KOJIMIECTBY COCYZIOB B 10 CM OPbDKEEYHO-KUIIIETHOTO rtepexoza (p = 0.1283)
Fig. 4. Average ratio of the intestinal diameter of the small intestine to the number of vessels at 10 cm
at the border of mesentery and intestine (p = 0.1283)

JJIMHBI KUIMTKHU W PACCTOAHUEM MEXAY 3TUMHU COCY-
JaMU IIpocCiIeXKnBaiaCb Ha BCEX N3YYEHHBIX OPraHoO-
KoMILIEKCaX. JIJisi OOBEKTHBHOCTH OBLIO HM3YYEHO
COOTHOIIIEHUE KOJIMYECTBA COCY/IOB HE TOJIBKO K
JUIMHe, HO U K JuaMeTpy KUIIKH. IlpAmasd cBA3b
MeXay AuaMeTpoM KHUIIIKU U KOJIMYECTBOM COCYyAO0B,
PaCCTOAHNEM MEXJAY HUMHU U JUAaMETPOM COCyaOB
TaK)Ke IIOJITBEPAMJIACh: YeM OOJIbllle THaMeTp
KHUIIKA, TeM MEHbIllee KOJIHUYECTBO COCYIOB, HO
OoJiee KPYITHOTO Kasinubpa CO/IEPKUT KUIIIKA Ha JTaH-
HOM ydJacTke. MacCCHBHOE BETBJIEHHE Ha MEJIKHE
BEHBI B CPEITHUX U JAUCTATIBHBIX OT/IE/IAX CBA3bIBAEM
C aKTHBHBIM IIPOIIECCOM IIPUCTEHOYHOTO IMHUIIEBape-
HUS U BCACBIBAHUS, TPEOYIOITHUX XOPOIIETO IMPOKCH-
MaJIBHOTO IIOPTAJIBHOTO KPOBOTOKA (PHC. 4, 5).

require good portal blood flow in the proximal
parts (Fig. 4, 5).

One of the objectives of the study was to identify
differences in the density of the cellular infiltrate
(leukocytes) and its qualitative composition (plasma
cells lymphocytes, eosinophils and neutrophils) in
the intestinal wall, and to assess the luminal micro-
flora at different distances from the ligament of
Treitz. Cellular infiltration was not unambiguous in
all samples and differed in specific peculiarities
which, in general, meet the whole picture of the trend
of the average indicator (Fig. 6).

In the proximal segments of the intestine, close
to the area of the ligament of Treitz, the number of
leukocytes in the wall was maximal. By the middle
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Puc. 5. COBOKYIIHOCTb CTATUCTHYECKUX JTAHHBIX IT0 OTHOIIIEHHIO THAMETPA KUIITKU K PACCTOSHUIO MEK/Y cocyziaMu (p = 0.058818)
Fig. 5. Statistical data on the ratio of the intestinal diameter to the distance between vessels (p = 0.058818)
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Puc. 6. O011ee KOJIMUECTBO JIEMKOIIUTOB B CTEHKE KHUIIKY HA PAa3HOM y/JJaJIeHUH OT cBsa3ku Tpeitrna (p = 0.38671)
Fig. 6. The total number of leukocytes in the intestinal wall at different distances from the ligament of Treitz (p = 0.38671)

OnHOM M3 3a/au MCCIEOBAHNUA ObLIIO BBISBIIE-
HHUE Pa3JIUYUi IUIOTHOCTH KJIETOYHOTO WHQHIIb-
Tpara (JIEHKOIIUTOB) M €r0 KaueCTBEHHOT'O COCTaBa
(T1a3sMonuThI, JTUM@OIUTEI, S03UHODUIBI U HEH-
TpO(HUIIBI) B CTEHKE KUIIIKH U OlleHKa MUKPODJIOPHI
B IIPOCBETE HA pA3HOM Y/aJIEHUU OT CBA3KHU TpelTia.
Kiterounass nHGuIbTpanusa He ObLIa OJHO3HAYHOU
BO BCeX Mpo0axX M OTIMYAJIACh WHJIMBUJLYyJTbHBIMU
0COOEHHOCTSIMH, KOTOPbIE B II€JIOM He Hapyllaau
o0mmiell KapTUHBI TpeHAA CPEIHEro I0Ka3aTesisd
(puc. 6).

B mpoKCHUMaIbHBIX OT/eNIaX KUIIKW, TPUOIU-
JKEHHBIX K 30He CBA3KHU TpenTIa, KoJHUeCTBO JIek-
KOITUTOB B CTEHKe OBbLJI0 MakcuMaabHbIM. K cepe-
JINHE JUITMHBI TOHKOW KHIIKWU, HA YPOBHE 200 CM
3TO KOJIMYECTBO CHUKAJIOCh HA 20.6 %, HA YPOBHE
300 CM YMEHbBIIAJIOCh Ha 29.8 % u OBLIIO MHHH-
MaJIbHBIM. B TepMUHa/JIBHOM OTZEJie, HA 400 CM,
KOJIMYECTBO KJIETOK HECKOJIBKO BO3PaCTajio, HO BCe
PaBHO 110 CPAaBHEHHUIO C HAYAJIbHBIM OT/IEJIOM TOH-
KOH KHUIIKU OBLIIO HUXKE Ha 24.9 %. BeposATHO, 5TO
CBSI3aHO C PA3HBIM XapaKTEPOM COLEPIKUMOTO TOH-
KO KHUIIKH B IMPOKCHMAaJIbHOM U JUCTAIBHOM
oT/esaxX. B mpokcuMaibHOM OT/ieie UMeeTC s KpyT-
HOparMeHTHPOBAaHHAsA, cj1abo MepeMelIaHHas C
depMeHTAaMM W KEeJYBID IHINA, COJepKalas
MHUKpO(dIIOpYy, NPHUIIEANIYI0O ¢ HEW U3 BHEIIHEH
cpennl. IlocTemeHHO XapaKTEPUCTHKH XUMyca
MEHSIOTCS, OH CTAHOBUTCS KUJKUM, II0J[BEPTAETCs
BHYTPUIIPOCBETHOMY W IPUCTEHOUYHOMY IHIINEBA-
PEHHIO, BHENTHAS MUKPOGJIIOpa MOIaBIISIETCA Iep-
CUCTUPYIOIEH MHKPODIOPON KHIIKU. JIOrHIHO
MpeAnoJiaraTb, 4To HEOOXOJUMOCTh KJIETOUHOTO
UMMYHHUTETa Oy/IeT BbIIIIE HMEHHO B IPOKCHMAJIh-
HBIX OTzesiaXx. HebobIIOH IMOABEM KOJIMYEeCTBA

of the small intestine length, at the level of 200 cm,
this amount decreased by 20.6%, at point 300 cm,
it decreased by 29.8% and was minimal. In the ter-
minal part at the level of 400 c¢m, the number of
cells increased slightly, but still, compared to the
proximal small intestine, it was lower by 24.9%.
Probably, this is due to the different nature of the
small intestine content in the proximal and distal
segments. In the proximal part, there is coarsely
fragmented food, poorly mixed with enzymes and
bile, containing microflora that came with food
from the external environment. Gradually, the
characteristics of the chyme change, it becomes liq-
uid, undergoes intraluminal and membrane diges-
tion, the external microflora is suppressed by the
intestinal one. It is logical to assume that the need
for cellular immunity will be higher in the proximal
segments. A slight increase in the number of leuko-
cytes in the terminal small intestine is associated
with the proximity of the Bauhin’s valve and peri-
odic reflux of intestinal content.

The cellular composition of leukocytes in differ-
ent segments of the small intestine is presented in
Table 1.

In all parts of the small intestine, 88.1-91.8% of
all cells were lymphocytes and the number of B lym-
phocytes (plasma cells) was on average 40.8%
greater, which indicates the most important role in
the non-inflamed intestine of humoral immunity
that is provided by plasma cells. The number of
neutrophils which destroy foreign microorganisms
mainly by phagocytosis is somewhat greater in the
proximal segments of the intestine, which is
explained by the penetration of the external micro-
flora with food. Subsequently, as the microflora is

14

Journal homepage: http://jsms.ngmu.ru



Kuznetsov A.V. et al. / Journal of Siberian Medical Sciences Vol. 7, No. 4 (2023)

Ta6una 1. KineTouHbll COCTaB JIEHKOIMTOB B PA3HbIX OT/e/1aX TOHKOU KUILKH, %
Table 1. Cellular composition of leukocytes in different segments of the small intestine, %

OTaen
KHIIeYHHKa,
paccrosiHue oT
cBs3ku TpeiiTia
Segment of the
intestine, distance
from the ligament

JIumdpouuTel, %
Lymphocytes, %

I1azmMonuThl, %
Plasma cells, %

JInMpouMTHI +
M/1a3MOIUTHI, %
Lymphocytes +
plasma cells, %

Jo3uHopuUIBI, %
Eosinophils, %

HeiliTpopuisl, %
Neutrophils, %

of Treitz

10 cm / cm 33.5+1.61 56.6 £ 1.67 90.1 0.6 +0.22 9.2 +0.88
100 cm / cm 36.0 £ 1.81 54.6 £ 1.93 90.6 0.5+0.28 89 +1.17
200 cMm / cm 37.2+1.69 509 +1.63 88.1 0.8+0.25 11.1+1.14
300 cMm / cm 32.3+1.51 58.4 +1.56 90.7 2.1+£0.50 7.1+£0.76
400 cM / cm 409 +1.61 50.9 +1.68 91.8 1.0+ 0.38 7.2+0.79

JIEUKOIIUTOB B TEPMHUHAJIBHOM OT/ieJIE TOHKOU
KUIIIKW CBSI3BIBAEM C OJIM30CTHIO OayTHHHEBOU
3aCJIOHKU U TIEPUOUYECKUM pedIIIOKCOM TOJICTO-
KHIIIEYHOTO COEPIKUMOTO.

KiteTouHBIN cOCTaB JIEHKOIIUTOB B Pa3HBIX OT/E-
JlaX TOHKOU KHIIIKY IIPeICTaBJIeH B Ta0JI. 1.

Bo Bcex oraenax ToHkoW Kummku 88.1-91.8 %
BCEX KJIETOK COCTABJISIA JIUMQOIHTHI, IPUIEM
KOJINUeCTBO B-uMdoriuTos (I1a3MonuToB) G610 B
cpeHeM Ha 40.8 % 0oJibIlle, YTO TOBOPUT O Ba’KHEH-
el POJIM B HEBOCIAJIEHHOUW KHUIIKE UMEHHO T'yMO-
PaJIbHOTO UMMYHHTETA, KOTOPBIH 1 00€CTIeurBaETCs
mwiagmonuramMu. KosndectBo HeWTpOdUIOB, YHH-
YTOKAMOIIUX YyKEPOTHbIE MUKPOOPTaHU3MBI ITPEU-
MYyIIIECTBEHHO IyTeM (Haronurosa, B HaYaJIbHbIX
OT/ieJIaX KUIIKHA HECKOJIBKO OOJIBbIIE, YTO OOBSICHS-
eTcsi MPOHUKHOBEHHEM BHEITHEH MHUKPODIIOpPHI ¢
nuiei. B panpHelinieM, MO Mepe 3JIMMHHAIMH
nomnasiied MUKpPOQJIOpbl KOJIUYeCTBO HeHUTpodu-
JIOB COKpaIaercs Ha 21.7 %. B cpeiHel 30He KUIIIKH,
Ha ypOBHE 200 CM, OTME€YaJud KPaTKOBPEMEHHOE
U3MeHEeHHEe KJIETOUHOTO COCTaBa: CHI)KEHHE ILIa3-
MOIIMTOB Ha 10.1 % ¥ yBeJIMYEHHE HEUTPO(PHIIOB HA
20.6 %. DTO CcBA3BIBa€M CO 3HAUYUMBIM COKpalle-
HHEM JuaMeTpa KUIIKA WUMEHHO B 9TOU 30HE IMpPH
aKTUBHOM IIPOIIeCCe TPUCTEHOYHOTO MMUIT[EBAPEHUS,
YTO BeZleT K 3aMeJJIEHUIO MPOXOXK/IEHUS XUMyca U
VBEJIMUEHUI0 BPEMEHU €ro KOHTAKTa C KHUIIEeYHOU
cTeHKOU. PocT 303uMHOMMIBHOU WHOUIBTPAU B
KOHEUHBIX OT/ejlaXx KUIIKH Ha 66.6—250 %, oue-
BU/IHO, CBSI3aH C CeHCHOWIM3aluell HemepeBapeH-
HBIMU IIPOJYKTAMH, OCTABIIUMHUCS B KHUIIKE ITOCTIE
BcachlBaHUs. B MaysibHEHIIEM 3TU MPOAYKTHI MOKHU-
HYT KHUIIKY U OyyT TOTOBUTHCA K YTWJIU3AIMU B
KaJIOBBIX Maccax. Hesb3si MOJIHOCTHIO UCKTIOUHUTD U
BIMsAHME pedJlokca TOJICTOKUIIEYHOM MHUKDO-
(G10psl B TEPMUHAJBHBIX OTEJAX, BBI3BIBAIOIINX

eliminated, the number of neutrophils decreases by
21.7%. In the medial intestine, at the level of 200
cm, a short-term change in cellular composition
was noted: a decrease in plasma cells by 10.1% and
an increase in neutrophils by 20.6%. We associate
this with a significant reduction in the diameter of
the intestine in this particular segment during the
active process of membrane digestion, which leads
to a slowdown in the chyme passage and an increase
in the time of its contact with the intestinal wall. An
increase in eosinophilic infiltration in the terminal
part of the intestine by 66.6—250% is apparently
associated with sensitization by undigested content
remaining in the intestine after absorption. Subse-
quently, this content will be eliminated from the
intestine after being prepared for fecal excretion.
The influence of reflux of colonic microflora in the
terminal segments, which causes a cellular eosino-
philic reaction of the intestinal wall, cannot be com-
pletely excluded.

The microflora of the intestinal lumen in its dif-
ferent segments (TBL) showed a wide range of values
with tendencies towards both rapid growth and
decline (Fig. 7).

The first increase of TBL was noted at the entrance
to small intestine, which is due to the penetration of
a large amount of exogenous microflora from the
stomach and duodenum, obtained from food. The
initial amount of microflora progressively decreases
from the proximal to the medial segments of the
intestine. The lowest value of the indicator was reg-
istered at 100 cm from the ligament of Treitz, after
which the indicator recovered, and in the terminal
segments of the organ, the TBL value exceeded the
baseline level. We explain this plot by the maximal
implementation of the bactericidal effect of bile and
pancreatic juice precisely in the medial segments
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Puc. 7. CpenHee 3HaueHue 001Iel GakTepruaIbHON

maccel (KOE Ha 1 T KHIIIEYHOTO COZEPKIMOTO0)

B IIPOCBETE KUIITKK HA Pa3HOM OT/IaJIEHHH OT cBsA3ku Tpeiitna (p = 0.402653)
Fig. 7. The average value of the total bacterial load (CFU per gram of intestinal content),
in the intestinal lumen at different distances from the Treitz ligament (p = 0.402653)

KJIETOUHYI0 B03WHO(DUIBHYI0 PEaKIUI0 CTEHKH
KHIIKH.

MukpodJiopa IpocBeTa TOHKOH KHIIIKH B €€ pas-
HbIX otryeniax (OBM) mokasasia CIWIIKOM pa3HbIe
3HAUYEHUs: WUMEIOTCA TEHJEHIIMU KakK K OypHOMY
pocCTy, TaK U majieHuto (puc. 7).

[TepBsiit mogbrem OBM 0BT OTMEYEH Ha BXOJIE€ B
TOHKYIO KHIIIKY, UTO 00YCJIOBJIEHO IPOHUKHOBEHUEM
U3 KEeJIYKA U 12-TIEPCTHOU KUIITKH OOJIBIIIOTO KOJIH-
YecTBa HK30T€HHOH MUKPOQJIOPHI, IIOCTYIAIOIIEH C
nuiied. VcxoHoe KOJIMYeCcTBO MUKPOGJIIOPHI TIPO-
IPECCUBHO CHIIKAETCS OT MPOKCUMAJIBHBIX K CPEJI-
HUM OTJeJlaM KHUIIKA. MaKCHMAaJbHBIH IPOBas
IoKasaTeJis PETUCTPUPOBAIN HA 100 CM OT CBA3ZKH
TpefiTiia, mocjae 4ero moxkasarejib BOCCTAHABIUBA-
eTcA U B TEpPMUHAJIBHBIX oTAesax OBM mpeBbiiaeT
HCXOJHBIN YpoBeHb. Takoil rpaduk 0ObsACHAEM MaK-
CUMAaJbHOU peanusanueli OaKTEePUIIUIHOTO JIeH-
CTBUS JKEJIYM U MTAaHKPEATHYECKOTO COKA MMEHHO B
CPeIHUX OT/eNax, I/le WX KOHIEHTpAIus eIle
BBICOKA, JMAMeTp KHUIIKA yMEHbIIAeTCsl U BpeMs
KOHTaKTa ¢ MHKpodopou ysennuuBaercs. [Ipu
JIJIbHEUIIIEM JIBMKEHUU XUMYyca OaKTEPHUIIUTHBIN
o dekT cHIKaeTca U BHYTPUIIPOCBeTHasA (opa
BOCCTAHABJIMBAETCS C €€ MaKCHUMAaJbHBIM IIMKOM
Tepe;JT BXOZI0OM B TOJICTYIO KUIIIKY.

B wucciemoBaHUM TPOCTEKEHA CBA3h MEXIY
0011el bakTepuaJbHOW MacCOH B ITPOCBETE KUIITKU 1
OOIIIMM KOJIMUECTBOM KJIETOK (JIEMKOIIUTOB) B
CTeHKe KUIIKH (puc. 8).

JIOTUYHO TIpe/IoaraTh, YTO JOJKHBI OBITH 3J1e-
MEHTBI MPSIMOU 3aBUCUMOCTHU MENK/Y YBEJIMUeHUEM

where their concentration is still high, the intestinal
diameter decreases, and the time of contact with
microflora increases. During further movement of
the chyme, the bactericidal effect decreases, and the
intraluminal flora is restored with its maximal peak
before entering the colon.

The study revealed the relationship between the
total bacterial load in the intestinal lumen and the
total number of cells (leukocytes) in the intestinal
wall (Fig. 8).

It is logical to assume that there should be ele-
ments of a direct relationship between an increase in
TBL in the intestinal lumen and the total number of
leukocytes in the intestinal wall as a reaction of the
macroorganism to microbial agents and vice versa: a
decrease in both TBL and the total number of leuko-
cytes. However, for the data obtained, such correla-
tion and direct relationship were not found. This
suggests that the segment of small intestine, its
diameter, vascularization, nature of the chyme, etc.
are of paramount importance. It is possible that the
saprophytic microflora that predominates in any
segment of the intestine is affected by leukocyte infil-
tration less, than the predominating pathogenic
microflora. There also may be other factors influenc-
ing changes in this ratio.

The content of bifidobacteria throughout the
intestine shows slight fluctuations with a gradual
increase towards the terminal segment (Fig. 9).
A similar picture was observed for the dynamics of
lactobacilli, which shows the relative constancy of
the saprophytic flora in the non-inflamed intes-
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Fig. 8. Change in the average value of the total number of leukocytes in the intestinal wall depending on the average value
of the total bacterial load in the intestinal lumen (CFU per gram of intestinal content) (p = 0.716451)

OBM B npocBeTe KUIITKH B 00I1Eero KOJIMYecTBa JIek-
KOILIUTOB B CTEHKE KUIIIKU KaK PeaKIus Ha MUKPOO-
HbIE aT€HTHI — ¥ HA000POT: CHIKeHusA kKak ObM, Tak
1 00OIIIero KOJIUYecTBa JIEHKOUTOB. OIHAKO B IOJIY-
YeHHBIX JAHHBIX TAKOU KOPPEJISIIUY He ITOIyIeHO U
MIPSMOM 3aBUCUMOCTH HET. DTO TOBOPUT O TOM, UTO
[IePBOCTENIEHHOE 3HAUEHNE HMEET OT/eJ KUIIKHU, eT0
IIMaMeTp, BaCKY/LIPU3aLNs, XapaKTep XIUMyca U T.JI.
He uckiroueHo, uTo Ha canpoPUTHY0 MUKPOdII0pY,
peobJIaAtoNIyI0 B KAKOM-JIHO0 CETMEHTEe KHUIIKH,
JleKoruTapHas MHQUIbTPAIUs B KUIIKEe BO3JeH-
CTByeT MeHbIIle, YeM Ha IIpeobiialaHue IaTOreHHOU
MHUKPOGJIIOPHL. BO3MOXKHO, IMEIOTCS U ApyTHe dak-
TOPBI, BJIUSIONINE HA H3MEHEHHE S5TOr0 COOTHO-
LIEHS.

Conepxxanue 6udumobakTepuii Ha BCEM MPOTSI-
JKEeHUU KUIIKY IOKa3bIBAeT HE3HAUUTEIbHBIE KOJIe-
6aHUs C IOCTENIEHHBIM YBEJTUUEHNEM K TEPMUHAIIb-
HoMy oTaeny (puc. 9). CX0xXyH KapTHHY HabJIio-
JlaJTy JJTsl AUHAMUKHU JIAKTOOAKTEPU, UTO ITOKa3bI-
BaeT OTHOCUTEJIBHOE IIOCTOSHCTBO canpodUTHON
(boppl pu HEBOCHMAJIEHHON KUINKe. B mpokcu-
MaJIBHOM OT/ZeJsle, Ha BXO/le B KUIIKY HabJro1aercs
HECKOJIBKO OOJIbIIeE KOJIMYECTBO JIAKTOOAKTEPHUH,
9TO OOBACHUMO UX (QYHKIMEH «IpUBPATHUKA»,
WUTPAIOIIEr0 BAXKHYIO POJIb B 0OeclieueHUUn MeCT-
HOTO KHUIIIEYHOro UMMyHHUTeTa. Ha ypoBHE 100 cM
oT cBa3ku TpelTiia MPaKTHYECKH JJIsI BceX OakTe-
PHUATBHBIX areHTOB ITOKA3aHO CHUIKEHHE IOKa3a-
tesist. VlckiaoueHue coctaBui nmokasarenb Candida
KaK MpeJCTaBUTeNb TpUOO0B. [lTaHHBIH (PaKT MOXKHO
00BACHUTH TyOUTEIHPHBIM JIEHCTBUEM Ha OaKTepUH
IIEJIOYHOHN Cpeibl U IPOTEOIUTHUECKUX (hepMeH-
TOB B 3TOM OT/iesie KUITKU. Mukpodiopa oburaer u
(YHKIMOHUPYET B MEHSIOIIENCA KUJKOH cpezie

tine. In the proximal part, at the entrance into the
intestine, a slightly larger numbers of lactobacilli
are observed, which can be explained by their gate-
keeper which plays an important role in ensuring
local intestinal immunity. At the level of 100 cm
from the ligament of Treitz, a decrease in the indi-
cator is revealed for virtually all bacterial agents.
The exception was Candida as a representative of
fungi. This fact can be explained by the destructive
effect on bacteria of the alkaline environment and
proteolytic enzymes in this part of the intestine.
Microflora lives and operates in the changing liq-
uid environment of the digestive tract; it ensures
luminal symbiotic digestion in the intestine under
the influence of bile acids and pancreatic hydro-
lases. The composition of the luminal microflora
depends on the substances present, pH and other
factors that determine the qualitative and quanti-
tative composition of adapted to them luminal
microbial communities. The luminal microbiotope
is subject to fluctuations in the composition and
concentration of microbial communities. As the
distal segments of the small intestine are
approached, the total number of bacteria increases
and additional species appear. The concentration
of microbial communities and Escherichia spp., as
the chyme moves, shows their steady increase in
distal direction. The examination of microflora in
our study showed a picture similar to the intravital
assessment of microflora by other authors [17],
which indicates the possibility and reasonability of
studying fresh postmortem samples of the small
intestine.

Our research showed that there were morpholo-
gical differences between various segments of the
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Fig. 9. The average value of bacterial strains in the small intestine at a different distance from the ligament of Treitz

MMUIEBAPUTELHOTO TPaKTa, OHA O00eCcleuynBaeT
MMOJIOCTHOE CHUMOMOHTHOE MHIIeBapeHHue B IIPO-
CBeTe KUIIKU 0] JIEUCTBUEM JKETYHBIX KHUCJIOT U
MMaHKpeaTu4yecKux Tuziposa3. CocraB MOJIOCTHOHU
MUKPOGJIOPHI 3aBUCUT OT COCTaBa BelecTB, pH u
JIPYTUX TIapaMeTpPOB, OMPEJIESIONINX KauyeCTBEeH-
HBIH U KOJIMYECTBEHHBIA COCTAB aalITHPOBAHHBIX
K HHM TIOJIOCTHBIX MHUKDPOOHBIX ITOMYJISI[HAH.
ITosiocTHOM MUKPOOUOTOI TOJIBEPIKEH KoJiebha-
HUAM II0 COCTaBy W KOHIIEHTPAIMd MHUKPOOHBIX
nonyasiui. Ilo Mepe TpUOJUKEHUS K JTUCTATh-
HBIM OTJI€JIaM TOHKOHM KHUIIIKH 00Ilee KOJIUYECTBO
OakTepuil BO3PACTAET, MOSABJIAIOTCA JIOMOJTHUTEIb-
Hble BHU/bI. KOHIEHTpAIlUX MUKPOOHBIX IOMYJIs-
Oui ¥ SIIEPUXUN 10 Mepe HNPOABUKEHHUA XUuMyca
IMOKa3bIBAIOT UX CTAOWJIBHOE IOBBIIIEHHE B JIHIC-
TaJIbHOM HallpaBJieHuH. V3yueHre MUKPO]JIOPHI B
HAIllEM WCCJIEJOBAHUY TOKA3aJI0 CXOXKYI0 KapTHUHY
¢ MPUKU3HEHHBIM U3yYeHHEM MHUKPOQJIOPHI JIpY-
TUMHU aBTOpPaMU [17], YTO TOBOPUT O BO3ZMOKHOCTH
U 11eJ1eCO00Pa3HOCTU U3YUYEHHS CBEKETO TOCTMOP-
TaJIBHOTO MaTeprajia KAIIKH.

[IpoBezieHHOE HCCIIEIOBAHME [TOKA3AJI0, UTO Me-
10TCsT MOP(QOJIOTHYECKHE OTINYMS PA3HBIX OT/EJIOB
TOHKOU KHIIIKH, & TAK}KE B KOJIMYECTBEHHOM U Kaye-
CTBEHHOM COCTaBe COJIeprKalllelicsi B HUX MHUKpPO-
¢opsl. J[imHA TOHKOU KHUIIIKY BCETIA MeJia WH/TU-
BHU/IyaJIbHBIN XapaKTep U He 3aBHCEJIAa OT BO3PAcCTa,
1ojla U POCTO-BECOBBIX TIIOKa3aTesiell malueHTa.
JluamMeTp TOHKOHM KHIIIKU IMPOTPECCHBHO yMeHbIIIa-
€TCS OT MPOKCUMAJIBHBIX OT/EJIOB V CBA3KHU TpenTiia
K INCTJIBHBIM B cpe/iHeM Ha 48.1 %. BeHosHas cocy-

small intestine, as well as in the quantitative and
qualitative microbial composition. The length of the
small intestine always had an individual character
and did not depend on the age, gender, height and
weight of the patient. The small intestine diameter
progressively decreases from the proximal segments
at the ligament of Treitz to the distal part by an aver-
age of 48.1%. The venous vasculature network of the
proximal intestine has a smaller number of vessels
and a greater distance between them at the border of
mesentery and intestine. Towards the distal seg-
ments of the small intestine, the vascular architec-
ture changes, the veins become smaller, their num-
ber increases and a distance between them is
decreasing.

The number of lymphocytes that support the state
of local intestinal immunity does not differ signifi-
cantly in all segments of the intestine. Accordingly,
the risks related with surgical manipulations on dif-
ferent segments of the intestine, from the point of
view of the immune defense of the intestinal wall are
approximately the same. A stable indicator of lym-
phocytic infiltration of the intestinal wall and the dis-
tribution of saprophytic microflora provide equal
protection in all its parts.

Significant changes in the leukocyte response
of the intestinal wall depending on changes in
intraluminal TBL have not been established. The
key influence, probably, have the morphological
characteristics of the intestinal segment: distance
from the ligament of Treitz, diameter, vasculariza-
tion and other factors. An increase or decrease in
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JIACTAs CETh IPOKCUMAJIbHBIX OT/I€JIOB KUIIIKU MeeT
MeHbIllee KOJIMUECTBO COCYZOB, OOJIbIllee PacCTOsI-
HUe MEeXAy HUMHU B OpbIKeeUHO-KUIIIEYHOM IIepe-
xoze. K qucTaspHBIM OT/Ies1aM TOHKOH KUIITKY apXU-
TEKTOHHUKA COCYZIOB MEHSIETCsI, BEHbI CTAHOBSIITCS
6oJlee MEJIKUMU, UX YHCJIO BO3PACTaeT, U PACCTOsI-
HUe MeXy HIMU COKpPAIaeTcs.

KonuuectBo uMGOIMTOB, 00ECIIEUNBAIOIIUX
paboTy MeCTHBIX UMMYHHBIX IIPOILIECCOB B KHIIIKE,
He HMeeT 3HAUMMBIX OTJIMYUH BO BCEX OT/esIax
kuiiku. COOTBETCTBEHHO PUCKU IPU MPOBEIEHUH
XUPYPrUYECKUX MAHUITYJISIIUH HA PA3HBIX OTAEIaX
KUIIKYU, ¢ MO3WIUN HUMMYHHOH 3aIlUTBl CTEHKHU
KUIIIKYU, IPUMEPHO OJIMHAKOBBI. Y CTOWUMBBIN ITOKa-
3aresb JIUMGOUUTAPHON HHPUIBTPAIIUU CTEHKU
KUIIKU U paclpejiejieHue canpoUTHON MUKPO-
dbopsl 06eceunBaOT PAaBHYIO 3AIUTY BO BCEX €€
OT/IeJIax.

3HAUYNMBIX MepeMeH JIEWKOIUTAPHOU peaKInu
CTEHKU KUIIIKY HAa U3MEHeHNe BHYTUPUIIPOCBETHOM
OBM =He ycranoBiyieHo. KitoueBoe BiIMAHHE, Ode-
BHU/THO, OKa3bIBAIOT MOPGOJIOTUUECKIE XapaKTepH-
CTUKHU OT/ieJla KHIIKH: OTJAJIEHHOCTh OT CBA3KH
TpeiitTna, AuaMeTp, BacKyJIApHU3alUsa U JApyrue
¢akTopel. YBesuueHue uiau ymeHbllleHne OBM B
Pa3HBIX OT/leJIaX TOHKOW KHUIIKU He IPUBOJUT K
VBEJIMUEHUIO JIEMKOLUTAPHONH OTBETa B CTEHKe
KUIIKW, TaK KaK YPaBHOBEIINBAETCS IyMOPAIb-
HBIMH (paKTOpaMU 3aIMUTHI (PKeT4b, MaHKpeaTuye-
CKHUH COK U T.JI.) © HOPMaJIBHOH pabOTON KUIIIKH C
U3MeHEeHHEeM KaudecTB Xumyca. IIpum HapymieHun
paboThl eYeHU, TOIKETYIOYHON JKeIe3bl U TOH-
KOW KHUIIIKM TaKoW OaslaHC MOKET OBITh HapyIIeH,
YTO TIpPUBEJET K BO3HHUKHOBEHUIO PA3JINYHOHN
KUIIIEYHOH IMaTOJIOTHUH.

OtMmeueHna TeHAeHIUA cHuKenus OBM u KoH-
[EHTPAIM: MUKPOOHBIX HOMyJAUuN (6aKTepousbl,
6ucdunobakTepun, JaKTOOAKTEPUU, DIIEPUXUU) B
HAYaJIbHOW 30HE HAa YPOBHE 100 CM OT CBSI3KH
TpelTIa ¥ MOCTENIEHHOE €€ TTOBBIIIIEHHE B CPEHEH U
JIUCTAILHOM 30HE TOHKOH KUIIIKY, HAYUHAS C YPOBHS
200 cM. KosmyectBO MUKPOGJIOPHI K TEPMUHAJIb-
HBIM OT/IeJIaM HapacTaeT U IPEBBIIIAeT HCXOTHBIHN
ypoBeHb. KOHIIEHTpaIuu MUKPOOHBIX MOIYJISIIAN
6ucdnnobakTepuil U SUIEPUXUHA MMOKA3BIBAIOT CTa-
OMJIPHOE NOBBINIEHNE B AVCTAJIFHOM HaIlPaBJIEHUH.
C mosunuu obbeMa MHKPOOHON Macchl TOHKOM
KUIITKW PUCKU 00CEMeHEHUs IPU BCKPBITHU KUIITKHI
B HAYaJIbHOM U JIMICTAJIBHOM OTZ€JIaX BBIIIE, YEM B
CPeTHUX OT/IeJIax.

3AK/IIOYEHUE

ITpoBeneHHOE HCCTeIOBAHIE TI03BOJISET CIEIaTh
CJIeMTyTOIHe BHIBOIBI:

TBL in different parts of the small intestine does
not lead to an increase in the leukocyte response in
the intestinal wall, as it is balanced by humoral
protective factors (bile, pancreatic juice, etc.) and
normal intestinal function with changes in the
quality of the chyme. In case of liver, pancreas and
small intestine disorders, this balance can be dis-
turbed which will lead to various intestinal
diseases.

There was a tendency to a decrease in TBL and
the concentration of microbial communities (Bacte-
roides spp., bifidobacteria, lactobacilli, Escherichia
spp.) in the proximal segment at the level of 100 cm
from the ligament of Treitz and its gradual increase
in the medial and distal segments of the small intes-
tine, starting at the point of 200 cm. Towards the
terminal segments, the amount of microflora
increases and exceeds the baseline level. Concentra-
tion of Bifidobacterium spp. and Escherichia spp.
shows a stable increase in the distal direction. In
terms of the volume of microbial load of the small
intestine, the risks of contamination during entero-
tomy in the proximal and distal parts are higher than
in the medial segments.

CONCLUSION

The study allows us to draw the following conclu-
sions:

1. The morphological characteristics of the small
intestine are both individual (length) and common
(changes in venous architecture and a gradual
decrease in intestinal diameter in the caudal direc-
tion).

2. The number and cellular composition of leuko-
cytes in the wall of the small intestine are approxi-
mately the same, which provides equal immune pro-
tection regardless of a distance from the Treitz liga-
ment.

3. The concentration of bacterial communities
and their qualitative composition change at different
lengths of the small intestine, with a gradual increase
towards the terminal part. Changes in the qualitative
and quantitative composition of the microbiota in
the intestinal lumen do not lead to changes in the
leukocyte reaction.

Thus, when performing a surgery, it is necessary
to take into account the different volumes and com-
position of the bacterial load as well as the morpho-
logical characteristics of different segments of the
small intestine.
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1. Mopdosornueckrie XapaKTepUCTUKH TOHKOM
KHUIIKA HOCAT KaK MHAUBUAYATIbHBIN (I/TMHA), TAK U
oblIepacnpocTpaHeHHbI (M3MeHEeHHe BEHO3HOH
apXUTEKTOHUKU U ITOCTEIIEHHOE YMEHbIIIeHNEe aua-
MeTpa KHIIKM B KayJaJbHOM HAaIpPaBJIEHUN)
xXapakTep.

2. Kosin4yecTBO U KJIETOUYHBIHA COCTaB JIEHKOIUTOB
B CTEHKE TOHKOU KHIIKH MPUOJIU3UTEIBHO OfUHA-
KOBBI, UTO OOECIIEYHNBAET PABHYI0 HMMYHOJIOTHYE-
CKYI0 3aIlUTy BHE 3aBUCHUMOCTH OT YAAJIE€HHOCTU OT
cBsa3ku TpenTna.

3. KoHnenTpanus MUKPOOHBIX MOMYJISIINH U UX
KayeCTBEHHBIH COCTAaB MEHSIIOTCS Ha Pa3HOM ITPOTSI-
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