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FEATURES OF BILIARY TRACT FUNCTION OF THE LIVER WITH MECHANICAL TRAUMA
OF VARYING SEVERITY AGAINST THE BACKGROUND OF POISONING WITH SALTS
OF COPPER AND ZINC

©0. Ye. Kopach, O. Ye. Fedoriv, N. A. Melnyk, H. A. Krytska
I. Horbachevsky Ternopil National Medical University

SUMMARY. Skeletal trauma causes significant biliary tract violations of the liver. Excess copperions and zinc reduces
biliary Function of the liver.

The aim of the study - to find out the pathogenetic features of liver damage in the case of mechanical injury of
varying severity in the presence of excess copper and zinc ions in the body and its antidote therapy.

Material and Methods. Experiments were performed on 150 non-linear white male rats weighing 180-200 g. In the
context of chronic intoxication with copper and zinc sulfates, they simulated skeletal trauma of varying severity. In
animals after 1, 3 and 7 days of post-traumatic period, bile duct function of the liver was studied. The received digital
data was subject to statistical analysis.

Results and Discussion. Against the background of a medium-degree injury, the indicator varied wavy: after 1 day
it increased significantly in relation to the control group (by 32.7 %, p<0.05). After 3 days it significantly decreased and
became 17.6 % less than control (p<0.05). After 7 days, it continued to remain at the same level (p<0.05 for control). In
conditions of excessive ion exchange of copper and zinc in 1 day the indicator was at the control group level (p>0.05).
However, after 3 and 7 days it was significantly lower than the reference level (27.8 % and 24.3 % respectively, p<0.05).
In these conditions, after 1 and 3 days, the indicator was statistically significantly lower on the background of excessive
intake of copper and zinc ions (31.6 % and 12.4 % respectively, p<0.05).

Conclusions. Skeletal trauma causes a significant violation of biliary tract function of the liver. At a trauma of a light
degree without intoxication copper and zinc salts in 1 day the index to 7 days increases. While in the middle and severe
injuries, after 1 day it is greater than control, but in the future it is lower than the control group. Excessive intake of
copper ions and zinc contributes to a decrease in the studied index from 1 to 7 days, and with the trauma of moderate

and severe severity of the lungs 3 and 7 days it becomes significantly lower than in the nontoxic group.
KEY WORDS: polytrauma; liver function; chronic intoxication; copper; zinc.

Introduction. The analytical review of scientific
achievements of recent years in the field of studying
the flow of polytrauma against the background of
excess ions of heavy metals allows us to state the
relevance of this problem for Ukraine. On the one
hand, high mortality rates from trauma, accidents
and poisonings are observed in Ukraine, affecting
mainly working-age people [1, 2]. Among them more
than 5 thousands - from traffic injuries. Transport
injuries are also dominant in developed countries of
Europe and Asia [3, 4]. Despite the tendency to de-
crease the rates of general injuries, the proportion
of victims with polytrauma increases and causes
high mortality [5-7].

On the other hand, the territory of Ukraine is
subjected to significant influence of adverse envi-
ronmental factors, among which the leading place
belongs to the salts of heavy metals. In the industrial
regions of Ukraine (central, southern and eastern)
the soil and water are dominated by cadmium, lead
and 88strontium [8]. However, zinc and copper pre-
vail almost throughout the territory of Ukraine [9-

11]. Clear evidence of this is the excessive accumula-
tion of copper and zinc ions in living organisms that
inhabit the Ternopil region [10], and the exceeding
of the maximum permissible concentration of cop-
perionsin drinking water, Ternopil 20 times, and zinc
ions — 3 times, as evidenced by the Environmental
Monitoring Program of the Ternopil region[12].

In conditions of excessive inflow of copper ions
and zinc into the body, significant changes in the
functional state of the liver, pancreas, muscles, and
transmembrane processes are noted. Heavy metals
carry out the expressed interference in the proces-
ses of peroxide oxidation of lipids and the system of
antioxidant protection with the intensification of
oxidative processes, activation and subsequent inhi-
bition of antioxidant protection, in particular, the
decrease in the activity of superoxide dismutase,
catalase, reduced glutathione. Violation of these
metabolic processes is characteristic of the body
and in conditions of stress and the general response
of the organism to the action of stress factors,
among which injury is one of the most powerful.
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To date, due to the significant pathogenic effects
of environmental, water and food contamination fac-
tors, there are still many unsolved issues regarding
the pathogenetic mechanisms of the influence of
heavy metals [18] and xenobiotics in traumatic inju-
ries of different nature and localization. This necessi-
tates the in-depth study of pathogenetic mechanisms
of severe trauma in these conditions and the patho-
genetic substantiation of effective therapy, which will
improve the results of treatment and prognosis in
such patients.

However, in the available literature, no reports
were found the pathogenetic features of violations
of the functional and morphological state of the liver
against the background of traumatic illness in the
conditions of accumulation of copperions and zincin
the body. There was a working hypothesis that the
damage by the ions of these heavy metals is an unfa-
vorable background for a serious traumatic event.
Their accumulation in the blood and other organs can
affect the manifestations of multiple organ Ffailure,
change the duration of periods of traumatic illness
and require specific antidote treatment in complex
intensive care, which required a special study.

Relationship of work with scientific programs,
plans, themes: Thesis is a fragment of the complex
scientific research topic of modeling and analysis of
pathological processes of I. Horbachevsky Ternopil
National Medical University "Medical regularities
and informational models of the course of patholo-
gical processes under different functional conditions
and their correction" (state registration number
0110U001937) and "Pathogenetic laws and informa-
tion models of pathology development their pro-
cesses under the conditions of extraordinary factors
on the organism and their correction" (state registra-
tion number 0113U001239). The author is a collabo-
rator of these GDRs. The subject of the dissertation
was approved by the Academic Council of I. Hor-
bachevsky Ternopil National Medical University.

The aim of the study - to find out the pathoge-
netic features of liver damage in a mechanical trauma
of varying severity in the presence of excess copper
and zincions in the body and its antidote therapy.

Materials and Methods. Experimental studies
were performed on 114 non-linear white, sexually
mature male rats with a body weight of 180-200 g.

Experiment with animals, performed on the ba-
sis of the Central Research Laboratory of I. Hor-
bachevsky Ternopil National Medical University (cer-
tificate of attestation of the laboratory No. 000478
0f 17.12.2013) was held in the morning (from 9 to 11
in the morning) in a specially designated room at a
temperature of 18-22° C, relative humidity 40-60 %
and illumination of 250 lux and was to inflict injuries.
All stages of the experiment were conducted in com-

pliance with the general rules and regulations of the
European Convention for the Protection of Verte-
brate Animals used for research and other scientific
purposes (Strasbourg, 1986), the General Ethical
Principles of Animal Experiments (Kyiv, 2001), the
Law of Ukraine "On the Protection of Animals from
cruel behavior" (2006), as well as the conclusion of
the commission on bioethics of I. Horbachevsky Ter-
nopil National Medical University" (protocol No. 19
dated 19.09.2013).

All animals were divided into three groups: con-
trol and three experimental ones. In the experimen-
tal group 1 (72 individuals), excessive intake of cop-
per and zinc ions was simulated, which was caused
by daily administration of copper sulfate and zinc
sulfate in a stomach at a dose of 5 mg/kg™ in terms
of metal once a day [13,14].

In the experimental group 2 (72 individuals), an
equivalent volume of saline solution was injected.
The control group 1 consisted of 6 intact animals,
the control group 2—6 animals after the introduction
of copper ions and zinc.

After 14 days in the conditions of thiopental-
sodium anesthesia (40 mg/kg' body mass) in animals
of the experimental groups 1 and 2, they simulated
skeletal trauma of varying severity: lung — fracture
of one hip; moderate severity — additionally caused
bleeding from the femoral vein (20-22 % of the volu-
me of circulating blood) that was injected into the
paranephrale tissue to form a hematoma; serious in-
jury — additionally broken adjacent thigh [15]. In this
term, the animals from the control group 2 were ex-
tracted from the experiment, in the blood and liver
tissue of which the content of copper and zinc was
determined.

Animals of experimental groups were removed
from the experiment after 1, 3 and 7 days. First, un-
der thiopental-sodium anesthesia (60 mg/kg™), ani-
mals were bled for 30 minutes, followed by bromsul-
falein test, after which the animals were scored by
total blood flow from the heart. For the study, bile,
blood serum and liver tissue were taken. The biliary
function of the liver was evaluated on the basis of
guidelines for the preclinical study of medicinal
products [16]. After narcosis (sodium thiopental of
60 mg/kg™), the catheterization of the total bile duct
was catheterized and bile was collected for 30 minu-
tes. In this case, the catheter in the common bile
ductin all experiments was standardized in the same
place, since the irritation of the proximal or distal
part in different ways affects the intensity of biliary
excretion [17].

The resulting digital data was subject to statisti-
cal analysis. The reliability of the differences between
the trial and control groups was evaluated using the
STATISTICA 10.0 ("StatSoft, Inc.", USA) program.
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Results and Discussion. As can be seen from
Table 1, under the influence of the skeletal trauma
of the mild degree, the velocity of biliary coloniza-
tionin 1 and 3 days practically did not differ from the
level of control (p>0.05). After 7 days, the index in-
creased and 31.7 % exceeded the control level
(p<0.05). Against the background of excessive ion
exchange of copper and zincin 3 and 7 days, the indi-
cator, on the contrary, decreased by 22.5 % and
19.7 % respectively (p<0.05). Comparison research
groups on the background of mild injuries showed
that in all periods of observation rate was signifi-
cantly lower in the group of animals with excessive
intake of zincions and copper (respectively 8.4, 16.3
and 39.0 %, p <0.05).

Against the background of a medium-degree in-
jury, the indicator varied wavy: after 1 day it increased
significantly in relation to the control group (by
32.7 %, p<0.05). After 3 days it significantly decreased
and became 17.6 % less than control (p<0.05). After
7 days, it continued to remain at the same level
(p<0.05 for control). In conditions of excessive ion ex-
change of copper and zinc in 1 day the indicator was
at the control group level (p>0.05). However, after 3
and 7 days it was significantly lower than the refe
rence level (27.8 % and 24.3 % respectively, p<0.05).
In these conditions, after 1 and 3 days, the indicator
was statistically significantly lower in the background
of excessive intake of copper and zinc ions (31.6 %
and 12.4 % respectively, p<0.05).

Table 1 - Dynamics of biliary velocity in conditions of skeletal trauma of different severity against the background of
excessive intake of copper and zincions (M + m)

The term after the injury
Trauma Excessive income
1 day 3 days 7 days
Control =(2.84+0.12) ml h-'-kg " (n=6)
Missin 2.87 £0.02 2.63 £0.07 3.74+0.25"
9 (n=6) (n=6) (n=6)
light degree
Salt of copper and zinc 2.63£0.02 2.20+0.13" 2.28+0.07"
PP (n=6) (n=6) (n=6)
p <0.05 <0.05 <0.05
Missin 3.77+0.15" 2.34+0.10" 2.38+0.13"
9 (n=7) (n=7) (n=6)
Medium degree
Salt of copper and zinc 2.58 £0.08 2.05+0.03" 2.15+0.09"
PP (n=6) (n="5) (n=5)
p <0.05 <0.05 >0.05
Missin 3.56 £0.07" 2.03+0.07" 231+0.11"
9 (n=8) (n=8) (n=8)
Hard degree
Salt of copper and zinc 2.16£0.04" 1.74+£0.07" 1.80+0.07"
PP (n=7) (n=7) (n=6)
p <0.05 <0.05 <0.05

Analysis of the dynamics of the investigated in-
dex in the animals with the skeletal trauma itself
showed (Fig. 1) that against the background of light
injury, the index decreased to 3 days, which proved
to be significant in comparison with 1 day (p <0.05).
Subsequently, it increased significantly and in 7 days
significantly exceeded the pre-term observation
time (p <0.05). In the case of an average and severe
injury, the indicator in 1 day increased, however, af-
ter 3 and 7 days, it decreased, which was statistically
significant in comparison with the previous observa-
tion period (p <0.05).

On the background of intoxication with copper
and zinc salts, the rate of biliary excretion, regard-
less of the severity of the injury, was subject to a
general pattern of gradual decrease from 1 to 7 days
(Fig. 2). In these conditions, the value of the indi-
cator in 3 and 7 days was statistically significantly
lower thanin 1 day (p <0.05).

Conclusions. Skeletal trauma causes a signifi-
cant violation of biliary tract function of the liver. In
a mild trauma without intoxication with copper and
zinc salts in 1 day, the index increases to 7 days.
While in the middle and severe injuries, after 1 day it
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Fig. 1. Dynamics of biliary velocity (as a percentage to control level) in the period of early manifestations of traumatic

illness.
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Fig. 2. Dynamics of biliary velocity (as a percentage of the control level) in the period of early manifestations of
traumatic illness against the background of additional intoxication with copper and zinc salts.

is greater than control, but in the future it falls less
than the control group. Excessive intake of copper
ions and zinc contributes to a decrease in the studied
index from 1 to 7 days, and with an average and
severe traumatic injury of 3 and 7 days it becomes
significantly lower than in the nontoxic group.
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OCOBJINBOCTI )XOBYOBMAIJIbHOI ®YHKLLIT NEYIHKY B YMOBAX MEXAHIYHOI TPABMM
PI3HOIO CTYMNEHS TAXKKOCTI HA ®OHI OTPYEHHSA COZIAMU M1 TA LLUHKY

©0. €. Konay, O. €. Pepgopis, H. A. MenbHuk, . A. Kp1ubka
TepHoninbcbKul HauyioHanbHUl MedudyHul yHiBepcumem imeHi I. A. fopbadescbkoeo MO3 YkpaiHu

PE3IOME. CkeneTHa TpaBMa BUKJ/IMKAE CYTTEBI NMOPYLLUEHHA )XOBYOBUAINbHOT GYHKLT nediHkK. Lle BiabyBaeTbca

BHACNiAOK HAAMIPHOro HAAXOA KEHHSA IOHIB Mifli Ta LMHKY.

MeTa - 3'AcyBaTM NAaTOreHETUYHI 0CO6/IMBOCTI ypaXKeHHS NeviHKN NpY MexXaHiuHin TpaBMi pi3HOI TAXKKOCTI B yMOBaXx
HaAJIMLLKY HAaAXOA KEHHA B OPraHi3M iOHIB Mifi Ta UMHKY Ta MOro aHTMAOTHOI Tepanii.
MarTepian i MeTogu. EKCNEPMMEHTM BUKOHAHO Ha 150 HeNiHiINHKMX 6innx wypax-camuax macoto 180-200 r. Ha ¢oHi

XPOHIYHOI iHTOKCMKaUIT cynbdaTamm Migi i LMHKY MOZEsI0BaN CKesIeTHY TPAaBMY Pi3HOT TAXKKOCTI. Y TBapuH yepe3 1, 3 i
7 £i6 NoCTTPaBMATMYHOIO NepioAy A0CAIAXKYBaIM XXOBYOBMAINbHY GYHKLit0 NediHkn. OTpnMaHi undpoBi AaHi nigaaBann
CTAaTUCTUYHOMY aHasi3y.

Pe3ynbTaTu. Ha GOHI TpaBMM cepeHbOro CTYyMNeHs NOKa3HMK 3MiHIOBAaBCA XBUAeNoAibHO: nicaa 1 AHA BiH 3HAYHO
36iMbLLUMBCA, MOPIBHAHO 3 KOHTPOJIbHO rpynoto (Ha 32,7 %, p<0,05). Yepes 3 AHi BiH 3HaYHO 3MeHLWNBCA i cTaB Ha 17,6 %
MeHLLE, HiX y KOHTpoJli (p<0,05). Yepes 7 AHiB BiH MPOAOBXYBAaB 3a/IMLWATMCA Ha TOMY X piBHi (p<0,05 4219 KOHTPOJI10). B
YMOBAaXx HafiMipHOro ioHHOro 06MiHy Mifli Ta UMHKY 33 1 406y NoKa3HUK nepebyBaB Ha pPiBHi KOHTPOJIbHOI rpynu (p>0,05).
OpHak yepes 3 i 7 AHiB BOHa 6y/1a 3Ha4YHO HUXKYOLO 33 pedepeHTHNI piBeHb (27,8 % i 24,3 % BignosiaHo, p<0,05). Y unx
yMoBax Yepe3 1 i 3 AHi NOKa3HMK ByB CTAaTUCTMYHO AOCTOBIPHO HMXYMM Ha T/i HAAMIPHOIO HaZXOAXXEHHS iOHIB Mifi Ta
LUMHKY (31,6 % i 12,4 % BianosigHo, p<0,05).
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Oa2n1a0u iimepamypu, OpU2iHaIbHi 00CAiIONCeHHS, no2/1s0 Ha npobsiemMy, BUNAOOK 3 NPAKMUKU, KOPOMKI NOBIOOMJIEHHS

BucHoBKM. CKeIeTHA TPaBMa BMKJIMKAE CYTTEBE MOPYLLEHHS XOBYOBMAiIbHOT PpYyHKUIT nediHkn. Mpy TpaBMi Ierkoro
cTyneHs 6e3 iHTOKcMKaUil consMn Migi i UMHKY Yyepe3 1 fo6y nokasHuk Ao 7 Aobu 3pocTae, Todi AK Npu TpaBMax
CcepefHbOro i TAXKOro CTyrneHiB BiH Yepes 1 o6y 6inbluni Bif KOHTPOJIHO, MPOTE B MOAA/IbLUOMY 3HUXYETbCA MEHLLUE Bif,
KOHTPOJIbHOI rpynu. HaamipHe HaAXOAXKEeHHA iOHIB Midi Ta UMHKY, HaBMakW, CNPUAE 3HMXKEHHIO AOC/iAXKYBAHOrO
nokasHuka 3 1 go 7 nobu, npnyomMy npm TpaBMmi cepeHbOrO i TSXKKOro CTyrneHiB Yepes 3 i 7 Aib BiH CTA€ iCTOTHO HMXYNM,
HiXX y rpyni 6e3 iHTokcKKaLlii.

KJ1FOYOBI CJIOBA: noniTpaBMa; GYHKLi NeYiHKN; XpPOHIYHA iHTOKCMKALiS; Mifb; LIMHK.

OCOBEHHOCTH XXENYEBbIAEJINTE/IbHON ®YHKLUU NEYEHUN
B YCJIOBUAX MEXAHMYECKOW TPABMbI PA3JIMMHOW CTENEHWU TAXECTHU
HA ®OHE XPOHUYECKON MHTOKCUKAL MU CONNAMU MEON N LUHKA

©A. E. Konay, O. E. ®epopus, H. A. MenbHuk, I'. A. Kpuukasn
TepHONO/IbCKUU HAYUOHAbHbIU MeOUYUHCKUl yHusepcumem umeru U. . lopbavescko2o MO3 YkpauHsbi

PE3FOME. CkeneTHasi TpaBMa Bbi3bIBAET CYLLECTBEHHOE HApYLUEHWE XXEeNYEBbIAENNTENbHON GYHKLUMM MEYEHN.
MN36bITOYHOE MOCTYNJIEHNE MOHOB MEAN M LIMHKA CHUXKAET ee XKeN4yeBblAeINTEsbHYI0 YHKUMIO.

LLesib — BbIACHUTb MaTOreHeTnYyeckne oCoH6eHHOCTM NMOPAXKEHMSI NMEYEHN MPU MEXAHMYECKOW TPaBME Pa3/INyHON
TAXKECTWN B YCJIOBUAX M3ObITKA NOCTYMNIEHNSA B OPraHM3M MOHOB MeAM M LUMHKA M €ro aHTUAOTHOM Tepanuu.

MaTtepuan u MeTopbl. SKCNepUMEHTbI BbIMOJIHEHbI HAa 150 He/IMHENHbIX 6e/biX Kpblcax-camuax maccon 180-200 .
Ha ¢oHe XpoHMYecKon MHTOKCMKaLuKM cynbdaTaMym Mean M LMHKA MOJENNPOBAsIM CKeJIeTHYI TPaBMYy Pas/IMyHOM
TAXECTUN: Y XMBOTHbIX Yepe3 1, 3 n 7 CyTOK NOCTTPAaBMATUYECKOrO NMepuoaa MCCIedoBasM XendyeBblaeINTebHY0
$yHKUMIO neyeHu. MNMosiyyeHHble UMbpOoBble AaHHbIE NOAAABAIM CTATUCTMYECKOMY aHANN3Y.

Pe3ynbTaTbl. Ha $oHe TpaBMbl cpeaHel CTeNeHn TAXKECTN NoKa3aTe b MeHANCA BOJIHOOOpa3Ho: nocsie 1 AHA OH
3HaYNUTE/IbHO YBEJIMYMJICA MO OTHOLLUEHWIO K KOHTPOJIbHOW rpynne (Ha 32,7 %, p<0,05). Yepe3 3 AHA OH 3HAUYNTE/IbHO
YMEHbLUNACA 1 CTaN Ha 17,6 % MeHblUe, YeM KOHTPOJIb (p<0,05). Yepes 7 AHeN OH NPOAO/IXKAA OCTaBaTbCA HA TOM Xe
ypoBHe (p<0,05 ans koHTponda). B ycnoBuax n3bbITOMHOrO MOHHOrO 06MeHa Meau M LMHKA 3a 1 CyTKM nokasaTtesb
HaxoAWCA HaYpOBHE KOHTPOJIbHOWM rpynnbl (p>0,05). OaHako Yepe3 3 1 7 AHel OH 6bI/1 3HAYNTENIbHO HNXKE pedepeHTHOro
ypoBHA (27,8 % 1 24,3 % cooTBeTCTBEHHO, p<0,05). B 3TMX ycnoBuax Yyepes 1 1 3 AHA nokasaTesib 6bia1 CTaTUCTMYECKM
[OCTOBEPHO HMXe Ha PpOoHe N3BbITOYHOrO NOCTYMNIEHNSA MOHOB Meau M LMHKA (31,6 % 1 12,4 % cooTBeTCTBEHHO, p<0,05).

BbiBoAbl. CkesleTHasi TPAaBMa BbI3bIBAET CYLLLECTBEHHOE HApYLUEHME XeNYeBblAe/IMTeNbHOM GYHKUMK nevyeHn. MNpu
TPaBMe JIerkon cTeneHn 6e3 MHTOKCMKALMK CONIAMM Mean N LMHKa Yepe3 1 CyTKKM nokasaTesib A0 7 CYyTOK BO3pacTaerT,
TOrZ4a KaK Mpu TPaBMax CPeAHEN U TAXKESION CTerneHn OH Yepe3 1 cyTkM 60siblue KOHTPOJIS, O4HAKO B AdJIbHENLIEM
CHMXXAETCA MeHbLUEe KOHTPOJIbHOM rpynnbl. M36bITOYHOE NOCTYMN/eHNE MOHOB Meau M LUMHKA, HaobopoT, cnocobcTeyeT
CHMXKEHMIO MCCenyemMoro nokasartens ¢ 1 4o 7 CyToK, Mpuyem npu TpaBMe CPedHEN N TAXEN0N CTeNneHn Yyepes 3 u
7 CyTOK OH CTAaHOBUTCS CYLLECTBEHHO HUXKE, YEM B rpynne 6e3 MHToKCMKauum.

KJIKOYEBbBIE CJIOBA: nonnTpaBMa; GpyHKLMA NeYeHn; XpoHMYEeCKaa MHTOKCMKALNS; MeAb; LUMHK.

OTprMaHo 22.04.2019

28 ISSN 1811-2471. 3006ymku KAiHiYHOI | ekcnepumeHmasbHoi MeduyuHu. 2019. N2 2



