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Ienv uccnedosanus — oueHKa BANSHAS [IyTaMiHA Ha QYHKIMOHATIbHbIE H MOPdoTornyeckrne N3MEeHEeHHs TeYeHH H TOHKOH
KHIIKH B OCTTPABMAaTHYECKOM Ieproze ymuba cepaua. Mamepuan u memoost. Ha Moiesn n301MpOBaHHOIO 9KCIEPHMEH-
TaJBHOTO YIIHOa cep/a HCCIe[0BATH AKTUBHOCTh aMIJIA3bl BCEX OT/EJIOB TOHKOW KUIIKH, aKTHBHOCTh AJTAHHHAMUHOTPAHC-
depassi (A1AT), y-rmoramunrpancdepasst (IT'T) u xommaacrepasst (XIJ) B CHIBOPOTKE KPOBH KPBIC B IMHAMHKE MOCTTPaB-
MaTHYeCKOro Ieproja 6e3 KOpPpPeKIuH, a TakKe B YCJIOBUSIX SHTEPAJILHOIO NPUMEHEHHsl IIIyTAMHHA; METOJOM CBETOBOH
MHKPOCKOIHH (OKPAaCKa réeMaTOKCHIMHOM M D03HHOM) IIPOBEJIM OLEHKY BJIHMSIHUS IIyTaMiHa Ha MopdoJiornyeckue uaMene-
HHSI TOHKO# KUIIKH (IPOKCHMAJIBHOTO, CPETHETO U AUCTAIBHOTO OT/(€JI0B) H NeYeHH 9KCIePHMEHTAIBHBIX KMBOTHBIX B IIOCT-
TPaBMATHYECKOM Tiepuojie ymuba cepaua. Pesyavmamoi. B rpynnax TpaBMUPOBAHHBIX JKMBOTHBIX, MOJYYABIINX TIyTAMUH,
OTMEYEHO CHIKeHHe (10 CPABHEHHIO C TPABMHPOBAHHBIMH KMBOTHBIMH 0€3 KOPPEKIMH ) AKTHBHOCTH HEKOTOPBIX 1€COPOUpY-
eMbIX (pakuuii y-amuiaassl, cHskeHne aktusHocTH AJAT, I'TT, noesimenne aktuBHOcTH XD B pa3iuvHble CPOKH MOCTTPAB-
MaTHYeCcKoro nepuo/a yumba cepaua. Mopdgonornueckast KapTuHa TOHKOH KHIIKH OTJINYAJIACh OTCYTCTBUEM IPH3HAKOB CTa-
32 U KPaeBOTO CTOSIHUSI HeHTPO(UIOB, OTCYTCTBHEM NOBPE:KIEHUsI HHTPAMYPaJbHBIX HEPBHBIX raHriveB. B mpemaparax
NeYeHH SKMBOTHBIX, TOJIYYaBUIMX [IyTAMHH, OTMEYAJI0Ch YMEHbLIEHHE B pa3Mepax 30H HEKPO3a, OTCYTCTBHE GEIKOBBIX Ipe-
IUIIMTATOB B COCY/AX, SKUPOBOii nucrpodun. 3axatouenue. Yryduenue pyHKIMOHAILHOTO U MOP(OJIOTHYECKOIO COCTOSHHS
TOHKOi KHIIKH U TI€YEHH B YCJIOBHSIX IPUMEHEHHUsI [IIyTaMHHA NIPU 9KCHEPHMEHTAIBHOM YIIHGE Cep/la CBUIETENbCTBYET O
BKJIIOYEHNH aMHHOKHCJIOTHI B MeTa00IM3M renaTonUTOB 1 QHTEPOLUTOB, a TAKKe AaeT OCHOBAHHS PACCMATPHBAThH €TI0 B Ka-
YyecTBe NPOTEKTOPa HKCTPATOPAKAIBHBIX OPTAaHOB B YCJIOBHSX TYNOIl TpaBMbI cepaua. Knouesvie co6a: skcnepuMeHTab-
HbIi ymub cepAua; TOHKas KUIIKA, IeYeHb, TIyTaMUH.

Objective: to evaluate the effect of glutamine on functional and morphological changes in the liver and small bowel in the
posttraumatic period of cardiac contusion. Material and methods. An experimental model of isolated cardiac contusion was
used to investigate the activity of amylase from all small intestinal segments and that of alanine aminotransferase (ALAT),
y-glutamyl transferase (y-GT), and cholinesterase (CE) in the rat serum over time during the posttraumatic period without
correction, as well as during the enteral use of glutamine. Light microscopy (hematoxylin and eosin staining) was employed
to evaluate the effect of glutamine on morphological changes in the small bowel (proximal, middle, and distal segments)
and liver of experimental animals in the posttraumatic period of cardiac contusion. Results. The injured animals receiving
glutamine versus those without correction showed a decrease in the activity of some desorbed y-amylase fractions, ALAT,
and y-GT and an increase in the activity of CE in different posttraumatic periods of cardiac contusion. The small intestinal
morphological pattern was characterized by the absence of signs of stasis, marginal neutrophil standing, and undamaged
intramural nerve ganglia. The liver specimens from the animals receiving glutamine exhibited reduced necrotic area sizes
and the absence of protein precipitates in the vessels and fatty dystrophy. Conclusion. Small intestinal and liver functional
and morphological improvements due to the use of glutamine in experimental cardiac contusion suggest that the amino acid
is involved in the metabolism of hepatocytes and enterocytes and give grounds to consider it to be a protector of extratho-
racic organs in blunt cardiac injury. Key words: experimental cardiac contusion, small bowel, liver, glutamine.

BbInoJIHEHHBIMU paHee UCCIIEOBAHUSAMU TTOKa3aHo, The studies performed earlier have shown that the
YTO MOCTTPABMATHYECKUHN MEPHOJI M30JIMPOBAHHOTO dKcme- | posttraumatic period of the isolated experimental cardiac
PUMEHTaILHOIO yInba cep/iila XapakTepusyercs pasBuTu- | contusion is characterized by functional disorders develop-
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eM (DYHKITMOHATBHBIX HAPYIIEHU He TOJBKO JIETKUX U
cepana [1, 2], HO 1 BKCTpaTOPAKATBHBIX OPTaHOB. B yacTHO-
CTH, BBISIBJICHBI CHHPOMBI IINTOJIN3a U XOJIECTa3a, CBU/IE-
TEJBCTBYIOMNINE O HAPYIIEHUH ICTOKCUTIMPYIOTIEH U CHHTE-
THuecko yHKIWI TeyeHH, a Takke TIPU3HAKHT
Pas0o0IeHUs! TIOJIOCTHOTO M [IPUCTEHOUHOTO MUIIEBAPEHMST
¢ opmupoBanmem sHTEpodHAOTOKCeMUN [3]. lecTpyKIitus
HHTEPOIUTOB KHIMEYHBIX BOPCUH CO3MA€T YCJIOBUS IS
TPAHCJIOKALUKI MUKPOOOB U TOKCUHOB [4, 5], @ 9HTEPOaH/I0-
TOKCEMUSI TTOBBIIIACT HATPY3KY Ha AETOKCHITUPYIOTIIE CHC-
TEMBI TIEYeHN 1 YCUJIUBAET ee oBpeskaenue [5]. TIpu napy-
[MEeHUU KPOBOOOpAIleHUsI B [EYEHU PasBUBACTCS
TemaToNe/UIIONSIPHAs IHEPTeTHYECKasT HeJ0CTaTOTHOCTD,
KOTOpasi MPOSBISETCS ANCTPOdUEl pa3IMIHON CTeTeHn
BBIPAKEHHOCTHU BILJIOTH /IO Pa3BUTHS HeKposa [6]. DTu Ha-
PYIIEHUS YBEMINYUBAIOT YUCTO MATOTEHETHIECKUX (PaKTO-
POB MOCTTPABMATHYECKOTO NEPHO/IA YIIUOA CEPILA U MOTYT
CYIIECTBEHHO BJIMATH HA €ro TeueHue, OObsICHATh HACTYII-
JICHUE JIETAJIbHOTO MCX0/a B 60Jiee MO3IHIE CPOKU — T10CIe
HOPMAJTN3AINN EHTPATLHON TeMOTMTHAMUKL.

B ¢BsI31 ¢ 3TUM OTIPEICICHHBIN UCCTETOBATETBCK I
WHTEPEC TPEICTABISIET U3ydeHNe BO3MOKHOCTH TIPOTEK-
IIUM TOHKOW KUIITKU ¥ TTEYEHN B TIOCTTPABMATHYECKOM TIe-
puozie ymuba cepiia, a 3HauUuT, yAYUIIEHUS] er0 UCXO/A0B.
ITpu JedeHNM TATIMEHTOB, HAXOIAINXCSI B KPUTUICCKOM
COCTOSIHMM, 0cO00Ee BHUMAHKE Y/IEJSETCsl BOCCTAHOBJIE-
HUIO KHUIIEYHOTO Oapbepa W yCTPAHEHUIO TPAHCJIOKAIUK
GaxTepyil 1 HHIOTOKCHHOB B CHCTEMHBIIT KPOBOTOK |7, 8].
IIpu sTOM, KaK 1pecTaBiIeHo B 0030pe [9], oaHumM us nos-
XOJIOB K YIIPABJICHUIO JKUBHEHHBIMU (DYHKITUSAME U TTPETY-
MIPEKACHUIO PA3BUTHUS TIOJTMOPTAHHON HEZIOCTATOYHOCTH Y
MAIMEHTOB € TSKETOH TPABMOM SIBJISIETCST IIMTOMPOTEKITHSL.

B cocTaB MHOTHX COBPEMEHHBIX TTMTATETBHBIX CMe-
Cell, UCTIOJIb3YEMbIX /LISl KOPPEKIIUU HApYIIeHH MeTabo-
Ju3Ma OOJIBHBIX ¢ KUIIEYHOH U MEYeHOUHOU He0CTaTou-
HOCTBIO, B TOM YHCJE HAXOMSIMUXCSI B KPUTUICCKOM
COCTOSTHUM, BKJTTOYeH rarytamud |7, 8, 10—12]. Boibop pan-
HOIl aMUHOKKCJIOTHI OOYCJIOBJIEH PSIZIOM €€ TI0O3UTUBHbIX
3 heKTOB: BAUSIHIEM HAa IMMYHHBIN CTATYC OpraHU3Ma 1
Tpouueckyio GyHKIINIO, CTUMYJSAINEH permapaTUBHBIX
nporieccoB [13, 14]. IIpumenenue rayraMuHa B KayecTBe
OJTHOTO 13 KOMIIOHEHTOB TTAPEHTEPATHLHOTO U IHTEPATHHO-
r0 HUTAHUS CHOCOOCTBYET YJIYUIICHUI) CHHTETHYECKOI
(byHKIMM TeYenn, MOMOKUTENHHO BIMSIET Ha KJAETOYHBIN 1
IyMOpaJIbHbII IMMYHHBII oTBeT |14, 15].

I[Tesb viccmeroBaHMsT — OTIEHKA BIUSHUS TJIyTaMUHA
Ha (YHKIMOHAJIbHBIE U MOP(DOJIOrnYecKrue M3MEeHEHUs!
TOHKOW KUIITKHU U TIEIEHH B PA3JIUYHBIE CDOKU MOCTTPABMa-
THYECKOTO Mepro/a yiuba cepana.

Marepuan u MeTObI

IKcrepuMenTsl BeIosHeHbl Ha 120 Gesbix 6ecTiopoHbIX
Kpbicax-camitax maccoii 250—300 r, HapKOTU3UPOBAHHBIX THOTICH-
TAJIOM HATPHSL B 7103€ 25 MT/KT MacChl BHYTPHOPIONIUHHO, B COOT-
BerctBun ¢ «IIpaBumaMu mpoBeseHnst paboT ¢ UCTONB30BAHNEM
9KCIIEPUMEHTAIbHBIX KUBOTHBIX> (IIpmioskenue x mpukazy Mu-
uucrepersa 3apasooxpanernst CCCP or 12.08.1977 r. Ne 755), a
TaKXKe MOJI0KEHIAMI, PEKOMEeHZI0BAHHBIMI MKy HapoIHBIM KO-
MHTETOM IO HayKe O Ja0OPaTOPHBIX KMBOTHBIX U MO//IEPKAHHBI-

ment not only in the heart [1, 2], but also in the extratho-
racic organs. In particular, the cytolysis and cholestasis syn-
dromes are detected indicating on the impaired hepatic
detoxifying and synthetic functions, as well as the disunity
signs of cavitary and parietal digestion with enteroendo-
toxemia development [3]. Destruction of the intestinal vil-
lus enterocytes generates the conditions for the microbes
and toxins translocation [4, 5], but enteroendotoxemia, in
its turn, increases the load on the hepatic detoxifying sys-
tems and reinforces the damage of the liver [5].
Hepatocellular energy insufficiency is developed in poor
hepatic circulation and expressed by dystrophy severity up
to the development of necrosis [6]. These disorders increase
the number of pathogenic factors in posttraumatic cardiac
contusion and can significantly effect on its course; more-
over, they can give explanations regarding a late fatal out-
come after normalization of central hemodynamics.

In this regard, a specific research interest is to study
the small intestine and hepatic protection mechanisms in
posttraumatic cardiac contusion with further improve-
ment of its outcomes. A special attention is paid to the
intestinal barrier restoration and elimination of bacteria
and endotoxins translocations into the systemic circula-
tion in patients in critical condition [7, 8]. In this respect,
as presented in the literature review [5], cytoprotection is
one of the approaches for management of vital functions
and prevention of multiple organ failure development in
patients with severe trauma.

Glutamine is an integral part of various modern
nutrient mixtures used for metabolic disorders correction
in patients with intestinal and hepatic failure [7, 8, 10—
12]. The choice of this amino acid is stipulated by a num-
ber of its positive effects, such as the impact on the body
immune status and trophic function by means of stimula-
tion of reparative processes [13, 14]. Glutamine applica-
tion as one of the components for parenteral and enteral
nutrition is improved the hepatic synthetic function and
positively effected on cellular and humoral immune
responses [ 14, 15].

Objective to evaluate the effect of glutamine on the
functional and morphological changes in the liver and
small intestine in different periods of the posttraumatic
cardiac contusion.

Materials and methods

Experiments were performed on 120 mongrel albino male
rats weighting 250—300g anesthetized with 25 mg/kg sodium
thiopental intraperitoneally in accordance with «The Work Code
Rules for Care and Use of Animals for Experimental Purposes»
(Appendix to the Order Ne 755 dated 12.08.1977 of the Ministry
for Public Health, the USSR), the Regulations recommended by
the International Committee in Science on Experimental Animals
and approved by WHO, and the European Convention
(Strasbourg, 1986) for Housing, Feeding and Care of
Experimental Animals including withdrawal of animals from the
experiment with a subsequent disposal .

The animals were taken into the experiment 10—12 hours
after a meal and with free access to the water. Cardiac contusion
was modeled by means of exploiting the original device simulating
a blow by the anterior thoracic wall on the steering wheel of a
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M BO3, u corsacno tpeboBanusiM EBponeiickoii KOHBEHIMK
(Crpac6ypr, 1986) 1o conepkaHnio, KOPMJIEHHIO U YXO/IY 3a TIOJI0-
IIBITHBIMU JKUBOTHBIMHM, A TAaK’Ke BBIBOJLY UX U3 SKCIEPUMEHTA U
MOCJIe/LyTOIeil YTHIN3AIIH.

B akcriepuMenT KUBOTHBIX Opani cryctst 10—12 yacos 10-
cJie eJ1bl IPH CBOOOIHOM IOCTYIIE K BOJIE. YU CepIlia MOIEIUPO-
BaJIM C MOMOIIBIO OPUTHHAIBHOTO YCTPOMCTBA, UMUTUPYIOLIETO
yziap mepejHeii TPYAHON CTeHKH O CTOHKY PyJisl TIPH CTOJKHOBE-
HUM JBIDKYIIerocss apromobmias ¢ npenstersuem (Ilar. 37427
Poccuiickas @enepanust, MITK 7 G 09B9,/00. Criocob Moepo-
BaHus ymunba cepiua y MeJKnX JabopaTOPHbIX KUBOTHBIX (II0-
siesHas moziesin) / Jlonrux B. T., Kopnauesa O. B., Epmios A. B;;
nareHToobmamaTesb OMCKast roCyIapCTBEHHAS MEIUIINHCKAST aKa-
nemust. — Ne 2003133897/20; zasisir. 24.11.03; omy6a. 20.04.04,
Brom. Ne 11. — 3 ¢.)

B niepBoii cepun sxcriepuMenToB (yummb cepiiia) jKUBOTHbIE
pactpezesvich Ha 7 rpym (1, 3, 6 acos, 1, 3, 5 u 7 cyTok mocJe
yiuba cepana), no 10 JKUBOTHBIX B Kask10ii. MlceenoBaim akTuB-
HOCTb aMUJIa3bI BCEX OT/[eJI0B TOHKOI KUIIKH, aKTHBHOCTD aJTaHN-
namunorpancdepassr (AnAT), y-raytamunrpancdepasst (ITT) n
xosimHacTepasbl (XD) B CBIBOPOTKE KPOBH, IIPOBONIN MOPGOIIO-
THYECKOe UCCJIe/IOBAaHNE TOHKOM KUIIKK U ITeYeHN.

[IpucrenouHoe muIeBapeHne U3ydaa METOIOM CTYyleHYa-
TOii lecopbrmu. MeToMKa OCHOBaHA HA CPABHEHUH aMUJIOJIUTH-
YecKOW aKTUBHOCTH 5 Mpob, B3SATHIX U3 (parMeHTa CIAU3UCTON
o6Gomoukn TouKol Kumku. Ilepsast npoba (C) orpaxkaer akTuB-
HOCTb IAaHKPEaTHYeCKOil a-aMUJIa3bl MEKBOPCHHYATBIX IPOCT-
PaHCTB M XapaKTepusyeT MOJOCTHOe IIMIIeBapeHne; Cyelylole
Tpu 11po6bI ([, Ty, [13) OTPAKAIOT ANHAMUKY AECOPOIUN Y-aMHU-
JIa3bl 1IETOYHON KaiiMbl 1 XapaKTEePU3YIOT IIPOYHOCTD €€ CBSI3U C
KJIeTOuHO# MeMOpanoit; naras nmpoba () oTpaskaer aKTHBHOCTD
BHYTPUKJIETOUHOI (hpaxim hepmenTa.

Axrtusnocts AnAT uccnenoBamm kunerndyeckum UF mero-
oM 6e3 nepupokcanbbocdara, akrusuocts ITT — kunernyec-
KUM MeToZioM 3eiica, XD — KMHETHUYECKNM KaJIOPUMETPHUECKIM
metozioM [16].

Marepunanom st MOP(OJIOTHYECKOTO NCCAeOBAHUS CIIy-
KN 0OPA3IIb TKAHET, B3SATHIX U3 TOHKOW KHUIIKHU (TIPOKCHMATb-
HOTO, CPE/IHEro ¥ JIMCTAJIbHOTO OT/EJIOB) M IledeHH. buonrarsl
bukcuposann 10% HeiTpaabibiM GOPMATUHOM 1 3aJIMBAJIN B T1a-
pacun. V3roToB/IeHHbIE CPE3bl OKPANIMBATIN F€MATOKCUIMHOM 1
2031HOM. MUKpOIIpenapars! U3y4asil Ha CBETOBOM MUKPOCKOIIE.

Bo Bropoii cepunt skcrepuMenToB (yumb cepaia + TiyTa-
MUH) TIepe]] MOJIEJTMPOBAHIEM TYIION TPABMbBI CEPIA U B TEYeHHUE
BCEro MOCTTPABMATUYECKOTO IIePHO/a KMUBOTHBIE MOJIyYasIn TJIy-
tamuH (3AO «OMCKpeaKkTuB» ) 9HTEPATBHO B BU/E BOJHOTO pac-
tBOpa B 03¢ 0,5 v/xr/cyt [17]. Tlo pesysbsrataMm wccaeoBaHust
AMUJIOJUTHIECKOW AKTUBHOCTU CJIU3UCTON OGOJOYKH TOHKON
KUIITKI KPBIC ObIJIN BBIIETEHBI [Be HANOO0JIee «KPUTUUECKITES TIC-
caefloBaTesbckue ToUku: 6 1 n 1 cyT. HOCTTPaBMAaTH4€eCKOTO TIepH-
ona. [Tpu nceneoBannn akTHBHOCTH (hEPMEHTOB CBIBOPOTKH KPO-
BU TAKHUX UCCJIEI0BATEIbCKUX TOUEK OKA3aloch Tpu: 64, 5 1 7 cyT.
B cBs3M ¢ 9THM OIlEHKY BJIMSIHUS IJIyTaMHHA Ha (DYHKIIMOHAb-
HYIO aKTMBHOCTb TOHKOII KUIIIKU U TI€4€HH ITPOBOINIIN UMEHHO B
ot cpoku (1o 10 JKUBOTHBIX B Kakzoit rpyre). Mopdomoruyec-
KI€e VICCJIe/IOBAHMSI TKaHell KMBOTHBIX, MOJYYABIINX TJIyTAMUH,
IIPOBO/INJIH BO BCEX UCCJIE0BATEILCKUX TOUKAX (110 10 5KMBOTHBIX
B KQKJIOH TpyTIIie).

KonTposbhyio rpytiy coctaBuau 10 MHTAaKTHBIX JKIBOTHBIX,
HAPKOTU3MPOBAHHBIX THOIIEHTAJIOM HATPHs.

Craructuveckyio 06paboTKy pPe3yJIbraToB HCCJAET0BAHNS
BBINOJIHSII HA MEPCOHAIBHOM KOMIIBIOTEPE € MCIIOJIb30BAHIEM
raKeTa HpUKJIaHbIX Iporpamm Statistica 6.0. PaccunTsiBanu cie-
JyIOIIyie TIoKasaTesIn: cpejHee 3Hadenue (M), cranpaptHoe OT-
wioHenne (J), meanana (Me), MuHUMYM (MMHUMAJIBHOE 3HAe-
HUe), MAaKCUMyM (MaKCHUMaJIbHOE 3HAYCHUE), HIKHUIT KBAPTUJIb
(LQ25) u Bepxuuit kBaptuib (HQ75). Xapakrep pactpeseneHust
JIAHHBIX MTPOBOJIMIIN 110 cTaTrcTHdeckuM Kpurepusim [ammpo-
Yuska. B cBsi3u ¢ HepaBHOMEPHBIM paclipejieIeHIeM JaHHbIX B
KOHTPOJIBHOH 1 ONBITHBIX IPYIIIAX MCIOIb30BaIN METOIbI Hella-

moving car in a collision with an obstacle (Patent 37427, the
Russian Federation, MITK 7 G 09B9/00. Cardiac contusion simu-
lation method in small laboratory animals (a utility model)/
Dolgikh V.T., Korpacheva O.V., Ershov A.V; the Patentee: the
Omsk State Medical Academy. — Ne 2003133897,/20; appl.
24.11.03, publ. 20.04.04, Bull. Ne 11. — 3.)

In the first series of experiments (a cardiac contusion) the
animals were distributed into 7 groups (1, 3, 6 hrs, and 1, 3, 5 and
7 days after cardiac contusion); 10 animals in each group. The
amylase activity in all parts of the small intestine, as well as activ-
ity of alanine aminotransferase (ALT), y-glutamyl transferase
(GGT) and cholinesterase (ChE) in blood serum was studied. The
morphological investigation of the small intestine and liver was
also performed.

Parietal digestion was studied by the stepwise desorption
approach. The approach is based on comparison of amylolytic
activity of 5 samples taken from the small intestine mucosa. The
first sample (C) reflects the activity of pancreatic a-amylase inter-
villous spaces and characterizes the cavitary digestion; the next
three samples (D4, Dy, D3) demonstrate the dynamics of brush
border y-amylase desorption and characterize the strength of its
interrelation with the cell membrane; the fifth sample (G) shows
the activity of the intracellular enzyme fraction.

ALT activity was studied by the kinetic UF approach with-
out pyridoxalphosphate, GGT activity was investigated by the
Zeyse kinetic method, and ChE was measured by the kinetic col-
orimetric method [16].

Biopsy samples for the morphological study were taken from
the small intestine (proximal, middle and distal parts) and liver.
Bioptates were fixed in 10% neutral formalin and embedded in
paraffin. The sections were stained with hematoxylin and eosin.
The microslides were observed exploiting the light microscope.

In the second series of experiments (cardiac contusion +
glutamine) before a blunt cardiac trauma simulation and during
the entire posttraumatic period the animals were enterally
administered 0.5 g/kg/day glutamine in water solution (manu-
factured by ZAO «Omskreaktiv») [17]. Two the most «critical»
investigated points including 6 hours and 1 day of the posttrau-
matic period were detected according to the study results of the
amylolytic activity of the small intestinal mucosa in rats.
During Studies of enzyme activity of the blood serum three
investigated points including 6 hours, 5 and 7 days of the post-
traumatic period were determined. Evaluation of glutamine
effect on functional activity of the small intestine and liver was
performed in these periods (10 animals in each group). Tissue
morphological studies of the animals treated with glutamine
were performed in all investigated points (10 animals in each
group). The control group included 10 intact animals anes-
thetized with sodium thiopental.

Statistics data processing was carried out using the software
package Statistica 6.0. The following parameters were calculated:
the mean value (M), the standard deviation (), the median (Me),
minimum (the minimum value), maximum (the maximum value),
the lower quartile (LQ25) and upper quartile (HQ75). The data
distribution was performed according to the Shapiro-Wilk statis-
tics. Due to uneven data distribution in the control and experi-
mental groups the nonparametric statistics methods with Mann-
Whitney criteria calculation were used to compare two
independent groups. Critical level of significance while testing the
statistical hypotheses was less than 0.05.

Results and Discussion

Statistically significant growth of a-amylase cavi-
tary activity (Table 1) in all parts of the small intestine was
registered in the investigated points of 3 hours, 6 hours and
1 day of the posttraumatic period. Increase of y-amylase
desorbed fractions activity was apparently formed by the
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Tabmmua 1. AMIIOIMTHYECKAS] AKTHBHOCTD (Y. €.) CAU3UCTOI 000J0UYKH TOHKOI KUIIKH KPbIC B TOCTTPABMATHYECKOM

nepuoze ymuoa cepaua, Me [LQ; HQ]
Table 1. Amylolytic activity (c.u.) of the small intestine mucosa in rats in posttraumatic cardiac contusion period,

Amylolytic activity (e. u.) in samples

D2

D3

G

0,22 [0,14; 0,23]
0,17 [0,1; 0,25]
0,13 [0,06; 0,26]

0,28 [0,04; 0,37]
0,19 [0,07; 0,26]
0,08 [0,04; 0,21]
0,33 [0,25; 0,37]*
0,14 [0,11; 0,25]
0,12 [0,06; 0,15]
0,58 [0,48; 0,7]*
0,22 [0,12; 0,71]
0,45 [0,11; 0,53]*
0,52 [0,44; 0,53]*
0,56 [0,32; 0,9]*
0,17 [0,14; 0,29]
0,35 [0,16; 0,63]
0,45 [0,28; 0,6]
0,12 [0,04; 0,21]
0,28 [0,2; 0,3]
0,22 [0,19; 0,23]
0,17 [0,09; 0,22]
0,24 [0,13; 0,26]
0,11 [0,09; 0,25]
0,08 [0,06; 0,25]

0,08 [0,05; 0,14]
0,09 [0,04; 0,13]
0,08 [0,02; 0,11]

0,17 [0,05; 0,27]
0,11 [0,04; 0,26]
0,14 [0,04; 0,21]
0,21 [0,16; 0,26]*
0,06 [0,04; 0,08]
0,07 [0,05; 0,11]
0,19 [0,08; 0,21]
0,16 [0,06; 0,27]
0,15 [0,03; 0,16]
0,19 [0,14; 0,32]*
0,22 [0,18; 0,28]*
0,1[0,07; 0,19]
0,21 [0,09; 0,23]
0,03 [0,22; 0,4]
0,13 [0,07; 0,18]
0,12 [0,1; 0,16]
0,12 [0,1; 0,15]
0,15 [0,09; 0,19]
0,6 [0,04; 0,21]
0,06 [0,04; 0,14]
0,13 [0,02; 0,17]

Posttraumatic period with glutamine administration

0,22 [0,14; 0,27]#
0,19 [0,1; 0,27]
0,17 [0,13; 0,28]*
0,22 [0,21; 0,27]#
0,19 [0,11; 0,3]#

Me [LQ; HQ]
Experiment stages IP
C D1
Control D 1,32 [1,15; 1,5] 1,09 10,9; 1,18]
J 1,09 [1,04; 1,45] 0,86 [0,82; 1,06]
I 0,83[0,59; 1,41] 0,49 [0,28; 0,95]
Posttraumatic period
1h D 1,711,61; 1,81] 0,6310,3; 0,96]
J 1,57 [0,38; 1,64] 0,29 [0,17; 0,44]
I 1,55 [1,39; 1,72] 0,310,24; 0,32]
3h D 1,60 [1,52; 1,70]*  1,25[0,68; 1,52]
J 1,56 [1,28; 1,65]* 0,77 [0,38; 1,32]
I 1,41 [1,27; 1,59]* 0,31 [0,20; 0,86]
6h D 1,65[1,39; 1,67]*  1,05[0,92; 1,38]
J 1,6 [1,15; 1,64] 0,46 [0,41; 1,62]
I 1,65[1,37; 1,73]*  0,65[0,3; 1,26]
1 day D 1,54 [1,42; 1,74]* 1,53 [1,42; 1,69]*
J 1,46 [1,41; 1,61]*  1,45[0,85; 1,56]
I 1,49 [1,2; 1,67]* 1,36 [0,61; 1,58]*
3 days D 1,54 [1,4; 1,65] 1,36 [0,82; 1,57]
J 1,49 [1,34; 1,58] 1,25 [0,7; 1,46]
I 1,32 [1,2; 1,44] 0,52 [0,15; 0,9]
5 days D 1,51 [1,34; 1,64] 0,62 [0,58;0,71]
J 1,67 [1,53; 1,77] 0,53 [0,43; 0,59]
I 0,96 [0,84; 1,43] 0,40 [0,37; 0,47]
7 days D 1,53 [1,49; 1,55] 0,72 10,57; 0,14]
J 1,44 [1,38; 1,52] 0,51 [0,12; 0,57]
I 0,92 [0,81; 1,11] 0,19 [0,15; 0,4]
6h D 1,72 [1,58; 1,77]* 1,16 [0,9; 1,28]
J 1,51 [1,42; 1,56]*  0,88[0,82; 1,1]
I 1,33 [1,05; 1,48]*%  0,5[0,28; 0,97]
1 day D 1,63 [1,60; 1,76]* 1,27 [1,07; 1,28]*
J 1,52 [1,3; 1,6]* 0,86 [0,74; 1,1]*
I 1,34 [1,15; 1,48]*  0,5[0,35;0,97]

0,16 [0,13; 0,28]

0,09 [0,05; 0,15]
0,11 [0,04; 0,18]
0,09 [0,05; 0,11]
0,14 [0,08; 0,19]
0,14 [0,06; 0,18]
0,09 [0,06; 0,11]

0,27 [0,2; 0,32]
0,22 [0,13; 0,4]
0,2310,2;0,31]

0,32 [0,18; 0,43]
0,31 [0,19; 0,34]
0,03 [0,11; 0,34]
0,3 [0,17; 0,36]
0,18 [0,09; 0,24]
0,23 [0,22; 0,32]
0,33 [0,22; 0,45]
0,36 [0,18; 0,45]
0,310,09; 0,5]
0,55 [0,33; 0,83]
0,47 [0,32; 0,51]
0,33 [0,23; 0,46]
0,38 [0,24; 0,47]
0,29 [0,22; 0,4]
0,24 [0,19; 0,3]
0,36 [0,32; 0,38]
0,29 [0,2; 0,3]
0,25 [0,21; 0,37]
0,25 [0,23; 0,37]
0,21 [0,11; 0,28]
0,21[0,1; 0,33]

0,27 [0,2; 0,4]
0,22 [0,14; 0,4]
0,26 [0,2; 0,34]
0,27 [0,2; 0,4]#
0,29 [0,19; 0,4]
0,30 [0,16; 0,34]

Ipumevanue. 37ech 1 B TabJ. 2: ¥ — J0CTOBEPHOCTH PA3IMIUIi 1O cpaBHEHNUIO ¢ KOHTpoJieM (p<0,05); # — 0CTOBEPHOCTD PasInymil
[0 CPABHEHUIO C TPYITIaMU TPABMUPOBAHHBIX JKUBOTHBIX Oe3 BBeeHus riayrtamuna (p<0,05). IP — ornen kumku; D — gBeHaanarumep-
CTHAS KUIIKA; ] — TOIIast KUIIKa; | — TOB3/I0IIHAS KUIITKa; experiment stages — aTallbl 9KCIIEPUMEHTA; CONtrol — KOHTPOJIb; posttrau-
matic period — mocTTpaBmarmyeckuii mepruoz; posttraumatic period with glutamine administration — mocTrpaBMaTHYecKuit mepnoz ¢
BBezieHneM raytamuta; h — vac; day — cytku; C —first sample (nepssiit o6paserr); D1, D2, D3 — next three sample (cienyomnme Tpu

npo6sr); G — fifth sample (nsaras npo6a).

Note. * — difference significance in comparison with the control group (p< 0,05); # — difference significance in comparison with the
injured groups of animals without glutamine correction (p< 0,05); IP — part of the intestine; D — duodenum; J — jejunum; I — ileum.

paMeTPUYECcKOil CTAaTHCTHKY ¢ pacyeToM Kpureprst ManHa- YurHu
IS CPABHEHUS IBYX HE3aBUCUMBIX rpyIint. Kpurnueckuii yposetnb
3HAYUMOCTH TIPY TPOBEPKE CTATHCTUYCCKUX TUITOTES TIPUHIMAJICS
pasubim 0,05.

PesyibraThl U 00CyK/IEHHE

CraTucTU4ecKy 3HaYMMoe yBeJIndeHne ak THBHOCTH
NOJIOCTHON (pakiny a-amuiasbl (Tabiu. 1) Beex oTaenoB
TOHKOI KUIIKU 3aPETUCTPUPOBAHO B UCCIIEI0BATETbCKUX
Toukax 3 4, 6 4 1 1 cyT moCcTTpaBMaTHIECKOTO TEPHO/A.
VBeJuueHue akTUBHOCTH JecOpOUpyeMbixX (pakiuii y-
aMUJIa3bl OTYETINBO (DOPMHUPOBATOCH K KOHITY 1 CyTOK:
/1| — B IBeHAATIATUTIEPCTHON M MOAB3/I0NTHON KutKe, /[,
u Jl; — B IBeHAAIATUIIEPCTHO U Toteil. B Gosee pannue
cpokn (3 u 6 9) yBemnveHne akTHBHOCTH IECOPOUPYEMBIX
(bpaxiuit aMuIa3bl HOCUJIO «TOUEUHBII» XapakTep, T.e.
KacaJioCh OT/AETbHBIX (PaKIIIil B OTAETBHBIC CPOKHU TTOCT-
TPaBMATHUYECKOTO MEpHojia. AKTUBHOCTb BHYTPUKJIETOU-

end of day 1: D; — in the duodenum and ileum, D, and D,
— in the duodenum and jejunum. In earlier periods (3h and
6h) increase of the amylase desorbed fractions activity was
demonstrated a «point» character for certain fractions in
different time of the posttraumatic period. Activity of the
intracellular enzyme fraction did not change throughout
the entire investigation period.

In rats treated with glutamine a-amylase activity
remained elevated 3 and 6 hours after the trauma and did
not differ from the similar one in injured rats without glu-
tamine correction. However, the activity of y-amylase
brush border fractions in the same investigated points of
the same parts of the small intestine, where it was
increased in the comparison group, was not significantly
different from the control values.

Dynamics of indicators reflecting the functional
activity of the liver in the posttraumatic cardiac contusion
was different. Significant changes in ALT, GGT and ChE
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HOU (hpaknmu epMeHTa He U3MEHSJIach Ha MPOTSKEHUHT
BCEro CpOKa HAbJIIOEHNUSI.

B rpymnmnax ;KMBOTHBIX, MOJYYaBIIUX TJIYTaMUH, aK-
TUBHOCTD IMOJIOCTHOHM (hPaKIuu -aMIIa3bl depe3 3 u 6 4
I0CJIe TPABMbI OCTABAJIACH MOBBINIEHHOW U HE OTJINYATIACH
OT TAKOBOI B IPYyINIax TPaBMUPOBAHHBIX KMBOTHBIX 0e3
koppekin. OHaKo aKTUBHOCTD (hPAKIIHIL y-aMIJIA3bI 111e-
TOYHO¥ KaiiMbI B T€X JKe MCCIEA0BATETIBCKUX TOYKAX U B TEX
JKe OTIeNax, T/ie oHa OblIa TIOBBINIEHA B TPYIITIE CPABHEHII,
JIOCTOBEPHO HE OTJINYATIACH OT KOHTPOJIbHBIX 3HAYCHUI.

VHoit Obljia IMHAMKMKa TOKasaTesed, OTPakKaroIix
(byHKIIMOHATBHYIO aKTUBHOCTD MTEYEHH B TIOCTTPAaBMaTHye-
CKOM mepuoge ymuba cepana. J[ocroBepHbie M3MEHEHMsI
aktuBHocTH AJTAT, ITT u X3 3apeructpupoBansl yke de-
pe3 6 4 1ocsie TPaBMbI, OJTHAKO K UCXOy 1 CyTOK Mpoucxo-
nsta nosaast (st AnAT u X9) u nourn nosnast (st ITT)
HOpMaJIM3alus akTUBHOCTU (hepMeHTOB. B Gosee mo3aHme
CPOKHM 3apErMCTPUPOBAHO TMOBTOPHOE MOBBINIEHNE AKTHB-
mnoctn ATAT u TTT (uepes 5 u 7 ¢yT, COOTBETCTBEHHO).

B rpymmax ;KIUBOTHBIX, MOJYYaBIINX TJyTAMUH, HOP-
vasmsanus aktuBHoctr ATAT u I'TT npoucxomauia intib
Ha 5 1 7 CyTKH, COOTBETCTBEHHO, a aKTUBHOCTD X O BOCCTA-
HaBJIMBAJIACH yIKe uepes 6 U 110csie TPaBMBbl.

Mopdosiornueckre n3MeHeHUsI TOHKOW KUIIKU ObLIH
0OHApy’KeHbI y3Ke B TePBbIe Yachl 1ocie TpaBMbl, OHU Xa-
PaKTEPU30BAIUCH TOJHOKPOBUEM COCYNOB COOCTBEHHOIT
IJIACTUHKHU CJIM3UCTON 0OOJIOUKHU ¥ MOJCU3UCTON OCHOBBI,
HAJIMYMEM CTa3a dPUTPOIUTOB, KPAEBBIM CTOSTHUEM HEHTPO-
(brIIbHBIX JIEHKOINTOB, OTEKOM U MIIIEMUYECKUM TTOBPEXK/IE-
HUEM UHTPAMYPAJTbHBIX HEPBHBIX FAHTJINEB M COXPAHSIIICH B
TepBbIE 5 CYTOK MOCTTPaBMATHIECKOro Teproza (puc. 1 a, b,
/). B uccienosareibCKux Toukax 5 u 7 CyTOK 1ocse yiuba
Cep/ilia B HEKOTOPBIX IIPENapaTax TOHKOI KUIIKK OOHApYsKe-
HbI JIM(OU/HbBIE (DOITTMKYJIBI CO CBETJIBIMU 1IEHTPaMK (PHUC.
1, d). Hu B OITHOM M3 MCCIEIOBATETBCKUX TOYEK TIOCTTPaBMa-
THUYECKOTO TIEPUOJIA HE BBISIBJICHO MPU3HAKOB TTOBPEKIACHUS
AMUTENNS KATIEYHBIX BOPCUHOK (puc. 1, a).

B rpynmax KMBOTHBIX, MOJIy4aBIIUX TJIYTAMWH, B
cpoku 6 4 u 1 cyT MOCTTpaBMaTHUECKOTO 1eprojia Mopho-
JIOTHYECKAsl KAPTUHA OTJIMYAJIACh OTCYTCTBUEM TIPU3HAKOB
CTa3a M KPaeBOTO CTOSTHWS HEWTPO(UIOB, MPU3HAKOB TIO-
BPEK/IEHUST MHTPAMYyPAJbHBIX HEPBHBIX TAHTJINEB TaKKe
He o6HapyskeHo (puc. 1 b, d, e).

[TpusHaky TUPKYJISATOPHBIX MOBPEXKACHUI TeueHr
ObLIM BbISIBJIEHbI Y TPABMUPOBAHHbIX JKUBOTHBIX O€3 BBE/Ie-
HUS IIperapara BO BCeX UCCIIEA0BATENbCKUX TOYKAX TOCT-
TpaBMaTUUYeCKOro mepuona yiuba cepauna. Ormeuanoch
MIOJTHOKPOBHE KPOBEHOCHBIX COCY/IOB, MHTEHCHBHEE BbIPA-
skerroe yepes 1 u 3 4 mocsie TpaBMmbl (puc. 2 a, ¢, e). Ha cpo-
Kax 6 4, 1 cyT, 3 cyT, 5 CyT mocJie TpaBMbl OGHAPYKEHbI 0Ua-
TOBBIE HEKPO3bI TEMATOIUTOB, B TIOJIHOKPOBHBIX COCY/IaX —
nperunurarbl Oesika (puc. 2 a, ¢, e). Yepes 5 u 7 cyToK 1o-
cie ymunba cepia oTMedaniuch (POKabHbIe HEKPO3bI Tella-
TOIUTOB MPEUMYTIECTBEHHO B IIEPUIIEHTPAJIBHBIX 30HaX T1e-
YEHOYHBIX JI0JIeK, TIPU3HAKY TIposdepannm KymndepoBeKIx
KJIETOK, OOHAPY KEHbI JIBYsI/IEPHbIE IelaTouThl (puc. 2 e).

Ha Bcex cpokax 1mocTTpaBMaTHUECKOTO epuoja oT-
Meuasach yMepeHHas JUMOOTUCTHOIMTAPHAS WHOUIIBT-

activity were registered 6 hours after injury; but by the end
of the day there was a complete (for ALT and ChE) and
almost complete (for GGT) normalization of enzyme activ-
ity. Repeated increase of ALT and GGT was recorded in
later periods (after 5 and 7 days respectively).

In rats treated with glutamine the normalization of
ALT and GGT activity was occurred on days 5 and 7,
respectively, and ChE activity was restored within 6 h
after injury.

Morphological changes of the small intestine were
detected during the first hours after injury. They were dis-
tinguished by the vascular plethora of mucosa and submu-
cosa lamina propria, the presence of erythrocytes stasis, the
marginal position of neutrophils, intramural nerve ganglia
edema and ischemic damage, and maintained during the
first 5 days of the posttraumatic period (Fig. 1a, 1b, 1f).
The lymphoid follicles with pale centers were determined
in investigated points of the small intestine bioptats on
days 5 and 7 after myocardial contusion (Fig. 1d). No dam-
age signs of the intestinal villi epithelium were revealed
during the posttraumatic period (Fig. 1a).

Morphological pattern was distinguished by a lack of
signs of stasis and marginal position of neutrophils, as well
as an absence of signs of damaged intramural neural gan-
glia in rats treated with glutamine in 6 hours and 1 day of
the posttraumatic period (Fig. 15, 1d, 1e).

Signs of liver circulatory damages were detected in
injured rats without glutamine supplementation in all
investigated points of the posttraumatic cardiac contusion.
Blood vessels plethora with more intensive expression was
observed 1 and 3 hours after injury (Fig. 2a, 2¢, 2¢). Focal
necrosis of hepatocytes and protein precipitates in the
plethoric vessels were found in 6 h, 1 day, 3 days, and 5
days after the injury (Fig. 2a, 2¢, 2¢). The focal necrosis of
hepatocytes mainly in the pericentral zones of the liver
lobules, the signs of Kupffer cells proliferation and binu-
clear hepatocytes were observed in 5 and 7 days after
injury (Fig. 2e).

Moderate lymphohistiocytic infiltration of the portal
tracts and signs of hepatocytes degeneration were detected
at all stages of the posttraumatic period. Hepatocytes with
protein dystrophy were determined in 1, 3 and 6 h, 1 day and
3 days of the posttraumatic period. Micro-and-macrovesicu-
lar lipophanerosis was evidently expressed at the investigat-
ed points in 1 and 3 days (Fig. 24, 2c, 2¢).

Decrease of necrosis zones, lack of protein precipi-
tates in the vessels and no sighs of the fatty degeneration
were noted in the liver bioptates of animals treated with
glutamine unlike of injured animals without glutamine
correction in the posttraumatic period (Fig. 2b, 2d, 2f).

Morphological changes of the small intestine con-
firm the presence of circulatory disorders in this organ,
such as plethora of vessels and stasis, which reach their
peak during the first day after injury. Despite the lack of
evidence for structural abnormalities of the small intestine
mucosa the amylase parietal fractions activity is in
progress indicating a decrease in interrelations between
the enzyme and enterocytes membranes, and the inappro-
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Puc. 1. Mopdorornyeckasi xapakTepHUCTHKA HUPKYISTOPHBIX IIOBPESKIEHUI TOHKOI KHIIKH KPBICHI B IOCTTPAaBMATHYECKOM NIEPHOIE
yumba cepana 6e3 KOPPEKIUH U ¢ KOPPEKIHEH Ty TaMHHOM.

a — COXPAHHBII BIIUTEJINI BEPXYIIEK BOPCUHOK, ITOCTTPAaBMATHUYECKIil nepuoj 6 4acoB, OKpacka reMaToKCHINHOM 1 303uHOoM, (HE),
X400; b — HOJIHOKPOBUE COCYAOB COOCTBEHHON MJIACTHHKM CJAM3UCTON 0GOJOYKM, KpaeBoe CTOsSIHUE HEHTPOMUIBHBIX JIEHKOIUTOB,
HOCTTPaBMATUYECKUI [IepHO/ 6 4acoB, KOPPEKIHsI Iy TAMUHOM, OKPACKa FeMATOKCUINHOM ¥ 903uHOM, X400; ¢ — oTek u nureMudec-
KO€ TIOBPEKIEHNE HEPBHBIX FAHTJINEB, IIOCTTPABMATUYECKUIT Iepuojl 6 4acoB, OKpacKa TeMaTOKCHIMHOM U 303uHOM, X400; d — num-
ouHblil HOJITHKYI CO CBETIBIM IIEHTPOM B COOCTBEHHOIT MIACTHHKE CIU3UCTON 0OOTOUKH, MOCTTPABMATIHIECKII TTIEpHOJ 7 CYTOK,
KOPPEKIUs [IyTAMUHOM, OKPACKA FeMATOKCUIIMHOM 1 903uHOM, X200; € — COXpaHHBII SIUTeNUH BePXyIlIeK BOPCHHOK, MOCTTPaBMa-
TUYECKWii nepuoji 6 4acoB, KOPPEKIHs TIYTAMIHOM, OKPACKa TeMAaTOKCUIMHOM U 303uHOM, X400; f — uiieMudyecKoe MOBPeKACHIE
HEPBHBIX FaHTJINEB, TIOCTTPABMATHYECKHUIT TTEPHO 1 CYyTKM, OKpacKa TeMaTOKCHIMHOM 1 3031HOM, X400.

Fig. 1. Morphological characteristics of the small intestine circulatory damages in rats in posttraumatic cardiac contusion with-
out and with glutamine correction.

a — undamaged top villi epithelium, posttraumatic period within 6 hours, hematoxilin (HE) stain, X400; b — vascular congestion of
the mucosa lamina propria, the marginal position of neutrophils, posttraumatic period within 6 hours, glutamine correction, HE stain,
X400; ¢ — oedema and ischemic damage of the neural ganglia, posttraumatic period within 6 hours, HE stain, X400; d — a lymphoid
follicle with a bright center in its own lamina propria, 7 days posttraumatic period, glutamine correction, HE stain, X200; ¢ — undam-
aged top villi epithelium, posttraumatic period within 6 hours, glutamine correction, HE stain, X400; f — ischemic damage of the neur-
al ganglia, 1 day posttraumatic period, HE stain, X400.
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Tabaunua 2. AkTuBHOCTH anannHamuHoTpancdepasst (ALT), y-rayramunrpancdepasst (GGT) u xonmmnacrepassl
(ChE) (Exa/n1) chlBOPOTKHM KPOBHU KPBIC B IIOCTTPaBMaTHYECKOM nepuoze ymuba cepana, Me [LQ;HQ]

Table 2. Activity of alanine aminotransferase (ALT), y-glutamyl transferase (GGT) and cholinesterase (ChE)
(U/1) in the blood serum of rats in posttraumatic cardiac contusion period, Me [LQ; HQ]

Experiment stages ALT GGT ChE
Control 13,5 [11,9; 16,3] 2.2 [1,8; 2,6] 8303 [7619; 9209]
Posttraumatic period
3h 12,8 [10,4; 13,6] 2,8 [2,5; 3,5]* 7809 [7452; 9561]
6h 26,9 [23,3; 31,4]* 4,0 [3,6; 4,2]* 6578 [5202; 7602]*
1 day 13,7 [11,6; 30,5] 3.2 [2,7; 3,9]* 7862 [7204; 8553]
3 days 14,1 [10,7; 15,0] 2,1 [1,5; 29 8831 [7402; 10011]
5 days 21,4 [19,4; 26,3]* 2,8 [2.4; 3.9] 8434 [6839; 9939]
7 days 14,2 [12,4; 15,7 4,4 [3,6;5,7]* 8013 [7432; 9525]
Posttraumatic period with glutamine administration

6h 40,4 [36,7; 46,7]** 2,85 [2,7; 3,5] 9526 [8542; 9872]*
5 days 15,1 [12,2; 16,3 23 [2,1;2,5] 7921 [6854; 8320]
7 days 14,3 [12,2; 15,9] 2,25[2,0; 2,6]% 8181 [7531; 8830]

Ipumeyanne. Posttraumatic period — mocrrpaBmarnyeckuii mepuoz; Posttraumatic period with glutamine administration — mocr-
TpaBMaTUYECKKI 1epuos ¢ gobasiaernem raayramuta; Control — kouTposb; h — hours (uacer).

paius TOPTaJIbHBIX TPAKTOB, a TAK)Ke TPU3HAKK JTUCTPO-
(un renarormro. Ha cpoke 1,3 u 6 4, 1 cyr u 3 cyT mocr-
TPAaBMaTUYECKOTO Ieproga OOHAPY/KEHbI TeNaTOUThI C
6exoBO AucTpodueii. MesKo- U KPYIMTHOKATIETbHAST K-
poBast auctpodust GoJiee BHIPaKeHa B MCCAEI0BATETbCKIX
toukax 1 u 3 cyr (puc. 2 q, ¢, e).

B nocTrpaBMaTHYECKOM IIEPUO/JIE Y TPYTIIT JKUBOTHBIX,
TOJTYYaBITHX TIYTAMIH, B OTJHYHIE OT TPYTIT TPAaBMUPOBAH-
HBIX JKUBOTHBIX 0€3 MCIIOJIb30BaHUSI [JIyTaMUHa, OOHapy-
JKEHO YMEHbIIIEHHE B pa3Mepax 30H HEKP03a, OTCYTCTBUE
6ETKOBBIX TIPETUIINTATOB B COCY/IAX, OTCYTCTBUE KUPOBOI
muctpoduu B Tipenaparax nedenu (puc. 2 b, d, f).

Moposorndeckie n3MeHeHNUsT TOHKOWM KHIIKH IO/
TBEP/KAAIOT HAJTMYKME TUPKYJISTOPHBIX HAPYIIEHWd B JlaH-
HOM opraHe (TIOJTHOKPOBHE COCY/IOB, CTa3), KOTOPbIE I0CTU-
raioT CBOETO THKA B IIePBbIE CYTKHU MocJie TpaBMbl. HecMoTpst
Ha OTCYTCTBUE TIPU3HAKOB CPYKTYPHBIX HAPYIIIEHWIT CJIM3HIC-
TOI 000JIOUKM TOHKOW KUIIIKK, IIPOUCXOJIUT TIOBBILICHUE aK-
TUBHOCTH TIPUCTEHOUHBIX (DpaKimii amusasbl, 4To CBUJIE-
TEJICTBYET O CHWKEHMM MPOYHOCTH CBsI3U (hepMeHTa ¢
MeMOpaHaMU SHTEPOIUTOB ¥ HAPYIIEHUU [IPUCTEHOYHOTO
nuiesaperus [5, 6]. Hapyuienue agcopOuuu (hepmMeHTOB
IIETOYHOI KaiiMOii 00YCJIOBJIEHO, BEPOSTHO, TUIIOKCUUECKUM
TTOBPEK/ICHUEM TTPEUMYTIECTBEHHO IIUPKYJISTOPHOTO TeHe3a
[5, 6]. O6HapyskerHbIe JmMbOUIHbIE POJTUKYIIBI CO CBET-
JIBIMU TIEHTPAaMH, BEPOSTHO, CBUETEJBCTBYIOT 00 aKTUBa-
UM MYKO3QJIbHOTO UMMYHUTETA BCJIE/ICTBUE TPAHCTIOKAIINHT
MUKPOGIIOPBI U TOKCUHOB B CUCTEMY BOPOTHOI BeHbI [7].

B ycoBusix Majioro cepievyHoro BbiOpoca, HapacTa-
0IIel TUTIOKCHH M allijI03a, aKTUBAIIUY TTapacuMIaTuyec-
KO HEPBHOI CUCTEMbI 3aKOHOMEPHO BO3BHUKAIOT U IIUPKY-
JISTOPHBIE HAPYIIECHUS 1IeYeH B BUJIE OCTPOTO BEHO3HOTO
nosiHoKkpoBus [1, 2, 6]. luctpoduyeckue nuamMeHeHus, He-
KPO3 TenaToIUTOB MOTYT IMPOUCXOJUTH BCJEICTBUE TIO-
BPEKAAIONIETO JACHCTBUS TUIIOKCUH, CBOOOIHBIX pajiuKa-
JIOB, aHTepoaHpoToKceMun [6, 11]. B ¢ynkmonamsaom
OTHOIIIEHUHU TO BBIPAXKAETCS B YTHETEHNUN JIETOKCUITMPYIO-
HIMX CUCTEM TIeYeHH, CHUKEHUH ee CUHTETUYeCKOl (hyHK-
1M, TOBBIINIEHUN AKTMBHOCTU MapKepPOB IOBPEKICHUS
neueHOuHOU napenxumbl. OHaKo B GoJiee MO3IHIE CPOKH

priate parietal digestion [5, 6]. The enzyme malabsorption
by the brush border is probably due to the hypoxic damage
of the circulatory genesis [5, 6]. Detected lymphoid folli-
cles with pale centers are likely indicated on mucosal
immunity activation due to microflora and toxins translo-
cation into the portal vein system [7].

Acute venous plethora as a liver circulatory disorder
is occurred due to the cardiac output, increasing hypoxia,
acidosis and activation of the parasympathetic nervous sys-
tem [1, 2, 6]. Dystrophic changes and hepatocyte necrosis
will be detected as a result of the hypoxia damaging effect,
free radicals, and enteroendotoxemia [6, 11]. Functionally,
it resulted in hepatic detoxifying systems inhibition, hepat-
ic synthetic function reducing, and increasing of the activi-
ty of the liver parenchyma damaging markers. However, the
number of damaged hepatocytes is decreased and the signs
of proliferative processes are revealed in the later posttrau-
matic period. This is supposed to indicate the compensato-
ry and repair mechanisms inclusion.

Protective properties of glutamine are manifested in
improvement of the morphological pattern of the small
intestine and liver. There are no signs of stasis and protein
precipitates in the vessels of the small intestine at the
background of persistent venous plethora; the marginal
position of neutrophils is less expressed, that is a sign for
the organ microcirculation improvement. Remarkably,
necrosis of intramural neural ganglia is not found in biop-
tats of the small intestine.

Absence of diapedetic hemorrhages in pericentral lob-
ules zones, stasis, marginal position of neutrophils and fatty
degeneration in the liver of injured rats treated with gluta-
mine is a manifestation for the glutamine protective role.

A comparison of the dynamics of structural and func-
tional abnormalities within each organ of the injured ani-
mals has not revealed an evident concurrency. Comparison
of functional disturbances dynamics in both organs did
detect any temporary compliance. Thus, it could distin-
guish two critical periods in the dynamics of liver func-
tional disorders (6h and 5—7 days of the posttraumatic
period), the functional disorders of the small intestine are
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Puc. 2. Cpasuurenbnas Mopdonornueckas XxapakTepUCTUKA UPKYJISATOPHBIX OBPE3K/[EHUIT FeNaToONUTOB KPBICHI B IOCTTPABMATHYE-
CKOM nepuoze ymuta cepua 6e3 KOPPEKUMH U ¢ KOPPEKIHeH TIyTaMHHOM.

@ — TIOJIHOKPOBYE KPOBEHOCHBIX COCY/IOB U IVIAIIE/Ie3 PUTPOIIUTOB, OEJIKOBAs MCTPOMUST K HEKPO3 OT/E/IBHBIX FENATOIUTOB, IIOCTTPABMATHYEC-
Kuii rieproft 6 4., okpacka remMatokcunioM 1 so3utoM, (HE), X400; b — 11o1HOKpoBHe KPOBEHOCHBIX COCY/IOB, IOCTTPABMATHYECKUH T1eprojt 6 4.,
KOPPEKI[MSI [Ty TAMUHOM, OKPACKa TeMATOKCUIMHOM 1 903MHOM, X400; ¢ — MOJIHOKPOBHE KPOBEHOCHBIX COCY/I0B, ME/IKOKAIIEbHAST AKIPOBAsT JIUC-
PO U HEKPO3 OT/IEJIbHBIX IENATOIUTOB, [IOCTTPABMATIHYECKHIA T1epro] 1 CyTKIH, OKpacka reMaTOKCHIMHOM 1 3031HOM, X600; d — MOJHOKpO-
BlE COCY/IOB, OeJ1K0Bast LUCTPOMUS, HEKPO3 OT/EAbHBIX FENATOIUTOB, HOCTTPABMATIYECKUI 1epro/t 1 cyTKM, KOPPEKIMs [y TAMUHOM, OKPACKA Te-
MaTOKCHJIMHOM U 903uHOM, X400; e MesKOKaresnbHast >KUpPoBasi AUCTPOdUsT rematonuToB, mposudepanns KyndepoBCKUX KIETOK,
[OCTTPABMATUIECKHUI TIEPHOJL 7 CYTOK, OKPACKA TEMATOKCUIIMHOM 1 903uHOM, X400; / — GeskoBast ;ucTpoust OT/IEIBHBIX TeNaTOUTOB, TIPOJIK-
(eparust KyrhepoBCKUX KIJIETOK, TIOCTTPABMATIIECKUTT TIEPUOJT 7 CYTOK, KOPPEKITHST TIIyTAMUHOM, OKPACKa TEMATOKCUIIMHOM 1 9031UHOM, X400.
Fig. 2. Comparative morphological characteristics of circulatory damages of hepatocytes in rats in posttraumatic cardiac contusion
without and with glutamine correction.

a — congestion of the blood vessels and diapedesis of erythrocytes, proteinosis and individual hepatocytes necrosis, 6 hours post-trau-
matic period, HE stain, X400; b — congestion of the blood vessels, 6 hours post-traumatic period, glutamine correction, HE stain,
X400; ¢ — vascular congestion, atomizing fatty dystrophy and individual hepatocytes necrosis, 1 day posttraumatic period, HE stain,
X600; d — vascular congestion, proteinosis, individual hepatocytes necrosis, 1 day posttraumatic period, glutamine correction, HE
stain, X400; ¢ — atomizing lipophanerosis of hepatocytes, Kupffer cells proliferation, 7 days post-traumatic period, HE stain, X400;
/ — individual hepatocytes proteinosis, Kupffer cells proliferation, 7 days posttraumatic period, glutamine correction, HE stain, X400.
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Tpasma

MOCTTPABMATHYECKOTO MEPUOJIA OTMEYAETCS YMEHbIIIEHNE
KOJIMYIECTBA TTOBPEKACHHBIX TEMATOIMTOB, OOHAPY/KIBA-
I0TCSI TIPUBHAKK TPOs(epaTUBHBIX TIPOIECCOB, YTO MO-
JKET CBU/IETETbCTBOBATD O BKJIIOUEHUH KOMITIEHCATOPHBIX 1
pernapaTuBHBIX MEXaHIU3MOB.

[IporexkTnBHBIE CBOIICTBA TJIyTAMWHA MTPOSIBIISIOTCS
B YJIy4IIeHUN MOP(MOTOTHYECKOI KAPTUHBI TOHKOM KUIIKI
n neyenn. Ha ¢done coxpaHsionierocsi BEHO3HOTO MOJHO-
KPOBUHSI OTCYTCTBYIOT IIPU3HAKH CTa3a U OEJIKOBBIX MPELn-
MUTATOB B COCY/IaX TOHKOM KUIIIKH, MEHEe BBIPAKEHO Kpa-
€BO€ CTOSTHUE HEHTPOMUIOB, UTO SIBJSETCS TPU3HAKOM
YIIydIIeHUust MUKPOIIMPKYJISIUY B IaHHOM oprane. [Ipume-
YaTeJbHO, UTO B IIPeraparax TOHKON KUIIKK He OOHapysKeH
HEKPO3 WHTPAMYPaJbHBIX HEPBHbBIX TAHTJINEB.

OrcyTcTBHE B TIEYeHN TPABMUPOBAHHBIX JKUBOTHBIX,
MOJIYYaBIINX TJIYTAMUH, JAUANE/IE3HbIX KPOBOUBIUSIHUI B
MEPUIIEHTPAJIbHBIX 30HAX JI0JIEK, CTa3a, KPAEBOTO CTOSTHUS
HEUTPO(UIOB M KMPOBOI AMCTPOGUN TaKKe SIBISIETCS
MIPOSIBJIEHUEM 3aIIUTHON POJIN TIIyTaMUHA.

CornocrapiieHre JAUHAMUKN CTPYKTYPHBIX U (DyHK-
IIMOHAJILHBIX HAPYIIEHUIH B TIpejiesiaX Kax/JI0To OpraHa
TPaBMUPOBAHHBIX KUBOTHBIX HE BBISIBUJIO YETKOTO Mapai-
sesama. CoroctaBieHne JMHAMUKKA TOJBKO (DYHKIINO-
HAJIbHBIX HAPYIIECHWI B JIBYX OpraHaX TakKe He BBISIBUIIO
BPEMEHHOTO cOOTBeTCTBUsA. Tak, B anHamuke (HyHKIHO-
HAJIbHBIX HAPYIIECHWI MeYeH MOKHO BbBIICIUTD /IBA KPU-
THYECKUX cpoka (6 4 1 5—7 CyTOK MOCTTPABMATHIECKOTO
nepuosa), a GyHKIMOHAIbHbIE HAPYIIEHUSI TOHKOM KUIIKK
MOCTETIEHHO HAPACTAIOT, HAUMHAS ¢ 3 4, ¥ JIOCTUTAIOT MaK-
cuMyMa K KoHily 1 cyTok. B Gosiee m1o3HME CPOKU TIPOKC-
XOJIUT TIOJIHOE BOCCTAHOBJIEHUE IPOIECCOB TOJOCTHOTO 1
MIPUCTEHOYHOTO TTHIIEBAPEHMS.

[TpoTekTHBHAS POJIb TJIyTaMUHA PEATUIYETCS, 10
JIAHHBIM JIUTEPATYPBI, ITyTE€M UCIIOIH30BAHUS HHTEPOIUTA-
MU M TENaTOIMUTAMHU JAHHOW aMHUHOKUCJIOTHI B KayecTBe
HHEPTETUYECKOrO cyOeTpaTa, aHaboIMIeckoro mposmde-
PATUBHOTO CUTHAJIA, 3aMe/IJIEHUS TIOTEPh IJIyTaTHOHA, YBe-
JIMYEHUST CKOPOCTH 9KCIIPECCHU OETKOB TETIOBOTO IOKA,
CHUZKEHMS BBIOPOCA MPOBOCHAJUTENbHBIX ITUTOKUHOB,
cuHTe3a 6enkoB 1 HykaeotuaoB [8, 12]. BoccraHosiernue
KUIIEYHOro Oapbepa U IPUCTEHOYHOrO MUIEBaPEHUs, a
Tak’Ke IETOKCUITUPYIONIeN M CHHTeTHYeCKON (hyHKIIHI T1e-
YEHU MPU BBEJECHUU [JIyTaAMUHA CIIOCOOCTBYET CHUKEHHIIO
YPOBHS 9HJOTOKCEMHUU M YJIYUIIEHUIO T€UEHUS TTOCTTPAB-
MaTHUYEeCKOro mepuojia B 1esom [3].

3akiaouyeHue

[TonyueHnble pe3yJIbTaThl AI0T OCHOBAHKE TI0JIATaTh,
YTO B MOCTTPABMATUYECKOM TTE€PUOJIE N30JUPOBAHHOTO HKC-
HEePUMEHTAIBHOTO yInba cep/ia Hapsiay ¢ AuchyHKIeit
MuOKap/a hopmMupyetcst ANChYHKIINS SKCTPATOPAKATBHBIX
OPraHoOB — TOHKOU KHIITKU U TIEYCHU, O YeM CBUIETEIBCTBY-
IOT: TIOBBIIIEHNE aKTUBHOCTH KHUIIEYHOW aMUJIa3bl, MapKe-
POB IIMTOJIN3A, XOJIECTA3a U IEYEHOUHO-KJIETOYHOI He/loCTa-
tounocTH. DYyHKIMOHABHBIE HAPYTIIEHNST TOHKOH KUK 1
TIEYEHU COMIPOBOKAAIOTCST MOP(HOJIOTHUYECKIMU N3MEHEHUSI-
MU B BU/I€ BEHO3HOTO TIOJTHOKPOBUSI, PA3IMUHBIX BUIOB JINC-

gradually increasing starting from 3h and reaching their
peak at the end of day 1. The complete recovery of the cav-
itary and parietal digestion appears in later periods.

Protective role of glutamine is realized by means of
using this amino acid by hepatocytes and enterocytes as an
energy substrate, anabolic proliferative signal, slowing of
glutathione loss, speed acceleration of heat shock protein
(HSP), reduction of proinflammatory cytokine release,
protein and nucleotides synthesis [8, 12]. Restoration of
intestinal barrier and parietal digestion, as well as the
detoxification and synthetic functions of the liver while
glutamine administration is facilitated the endotoxemia
level reduction and improvement of the posttraumatic
period course [3].

Conclusion

The results obtained provide some grounds to assume
that the dysfunction of extrathoracic organs is formed dur-
ing the posttraumatic isolated experimental cardiac contu-
sion along with myocardial dysfunction. This is proved by
an increase of intestinal amylase activity, cytolysis markers,
cholestasis and hepatocellular insufficiency. Functional dis-
orders of the small intestine and liver are accompanied by
morphological changes such as the venous plethora, various
types of dystrophy, and focal necrosis; however, there are no
signs of temporary parallelism between the severity of
structural and functional disorders, as well as the dynamics
of functional disorders of the small intestine and liver.
Generally, disorders of the intestinal barrier and liver func-
tions are the posttraumatic pathogenetic factors and patho-
genetic factors for damages formation of the extrathoracic
organs including circulatory hypoxia.

Glutamine administration to the injured animals is
accompanied by improvement of the morphological and
functional state of the small intestine and liver indicating
the inclusion of amino acid into metabolism in these organs.
These data provide a base to consider glutamine as a pro-
tector for extrathoracic organs in blunt cardiac trauma.
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Injury

Tpodii, 09arOBBIX HEKPO30B, OTHAKO BPEMEHHOTO TTapaJie-
JIU3Ma MEK/Iy BBIPAKEHHOCTBIO CTPYKTYPHBIX U (hyHKIINO-
HaJBHBIX HAPYIIEHUH, a TakyKe AMHAMUKOH (DyHKIIMOHAID-
HBIX HapYIIeHNH TOHKOHM KUIIKHU ¥ redeHn HeT. Hapsamy c
IUPKYJISTOPHOIN THITOKCHEN TTaTOreHeTHYECKUMU (haKTOpa-
M1 (hOPMUPOBAHUS TIOBPEXKACHUIN CaMUX 9KCTPATOPAKAIIb-
HBIX OPTaHOB, a TakKyKe MATOTEHeTHYeCKNMU (aKTopamm
TTOCTTPAaBMATHYECKOTO Teprojia B TEJIOM SBJISIOTCS Hapy-
IIEHKsI KUITEYHOTro Gapbepa u (PYHKIMHI [eYeH.

BBenenmne rayramMmuHa TpaBMUPOBAHHBIM JKITBOTHBIM
COIIPOBOJKIAaeTCs yiyulieHueM MophoGyHKIIMOHAIBHOTO
COCTOSTHMS TOHKOW KUIITKY ¥ TIEUYeHH, YTO CBU/IETEIbCTBRY-
eT 0 BKJIIOUCHUM aMHHOKUCJIOTHI B METabO0JM3M JTaHHbIX
OPTaHOB M IaeT OCHOBAHNS PacCMaTpPUBATh IJIyTaMWH B Ka-
YecTBe MPOTEKTOPA dKCTPATOPAKAIBHBIX OPTAaHOB B YCJIO-
BUAX TYIOH TPaBMBI CEP/ILA.
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