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Abstract. Relevance. The urgency of the problem of traumatism is constantly increasing, which is associated with an increase
in road accidents, an increase in the number of interpersonal conflicts, the availability of firearms and cold steel weapon, etc.
In addition, the proportion of victims with injuries of the maxillofacial region in a state of alcoholic intoxication is constantly
growing. The aim of the study is to conduct a comparative analysis of trace elements in hospitalized patients with maxillofacial
trauma, intoxicated, acute traumatic stress and the study of the effect of trauma on the balance of trace elements in patients of the
Department of Maxillofacial Surgery with various alcohol history. Materials and Methods. The study involved 30 male patients
of the department of maxillofacial surgery of the Moscow «city clinical F.I. Inozemtseva hospital located in the city of Moscow.
All patients were joined to the department for trauma of the maxillofacial tract and were divided into two groups: 15 of them
regularly took alcohol and were in a state of alcoholic intoxication at the time of injury (group 1), 15— without alcohol history
(comparison group 2). All patients carried a general clinical blood test, a biochemical blood test, and the content of essential and
conditionally essential elements in the hair were also determined. Results and Discussion. As a result, significant differences were
revealed in the content of micro elements between the groups of patients: the content of copper (p = 0.013) and zinc (p = 0.000)
in the hair examined of the first group was 1.4 lower than in the comparison group 2. The manganese content (p = 0.05), on the
contrary, was also increased by 1.4 times in the hair of group 1 patients. Besides, leukocytosis was detected in the blood in patients
with a history of alcohol and an increase in AST levels. Conclusion. The study showed an increase in the content of manganese
and a decrease in the content of selenium, zinc and copper in the hair of patients with an alcoholic history. Diselementosis was
accompanied by a significant increase in aspartate aminotransferase activity, as well as leukocytosis and lymphocytosis. Such
an imbalance of chemical elements, together with a changes of peripheral blood and an increase in the activity of ASaT, can be
reflected on the period the timing and peculiarities of the course of the reparative process.
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Introduction

In the city of Moscow, thousands of people are daily
victims of interpersonal violence and are involved in
road traffic accidents, generating high emotional and
social costs. Head, neck and face trauma is one of the
most common etiological factors of facial trauma.

Acute traumatic stress (traumatic depression) is
a type of anxiety disorder that usually develops as a
result of life-threatening physical or mental events [1,
2]. ATS lasts two days after the onset of a critical event
and smoothly turns into acute stress disorder, which can
last up to one month [3].

The aim of the study was to conduct a comparative
analysis of micronutrients (for levels of magnesium,
calcium, sodium, potassium, phosphorus, selenium,
zinc and chromium) of hospitalized patients with
maxillofacial trauma in a state of alcohol intoxication,
acute traumatic stress and to study the effect of trauma
to the balance of microelements, mechanisms of changes
in the concentration of microelements, influencing the
occurrence of side effects [4, 5, 6].

Macxillofacial injuries constitute a significant part
of the total number of patients in a surgical hospital.
The urgency of the problem of injuries is constantly
increasing, which is associated with an increase in the
number of road accidents, an increase in the number
of interpersonal conflicts against the background of
socio-economic instability, the availability of firearms
and cold steel weapons, etc [7, 8]. Besides, the
proportion of victims with injuries of the maxillofacial
tract in a state of alcoholic intoxication is constantly
growing [9, 10]. Alcohol dependence is accompanied
by disturbances in the normal functioning of various
systems of the human body, which can lead to a greater
number of complications, an increase in fatal nature,
even with the optimal tactics of surgical help [11—
13]. With the systematic abuse of alcoholic drinks,
the reparative process in the break line is more often
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complicated by a prolonged course and a complicated
inflammatory process with a manifestation of the failure
of regenerative processes. The situation is further
complicated by the fact that the overwhelming number
of injured patients belong to the able-bodied part of the
population (from 25 to 40 years old), which makes the
problem not only medical, but also socio-economic [14].

Despite numerous studies of domestic and foreign
scientists on the period of reparative processes and the
factors influencing them, there is not enough data on
the microelement status of patients with maxillofacial
injuries [15, 16]. In this regard, the aim of our study
was to study the content of essential and conditionally
essential elements in patients’ hair of the department
of maxillofacial surgery with various alcohol histories.

Materials and methods

The study involved 30 patients of the department of
maxillofacial surgery of the F.I. Inozemtseva hospital,
located in the city of Moscow. All surveyed were males,
the average age of the respondents was 30.7 years. All
patients were joined to the department for trauma to
the maxillofacial area and provided informed voluntary
consent to participate in the study and personal data
processing according to the Helsinki Declaration of
the World Medical Association (WMA Declaration of
Helsinki— Ethical Principles for Medical Research
Involving Human Subjects, 2013). The examined
patients were divided into two groups: 15 of them
regularly took alcohol and were in a state of alcoholic
intoxication at the time of injury (group 1), 15 had no
alcohol history (comparison group 2).

All patients carried out a general clinical blood test,
a biochemical blood test, and the content of essential
and conditionally essential elements in the hair was
also determined. Hematological and biochemical blood
tests were carried out using standard methods in the
laboratory of the hospital named F.I. Inozemtseva.
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The analysis of the studied samples (hair) was
carried out in the laboratory of ANO «Center for
Biotic Medicine», Moscow (certificate of accreditation
GSEN.RU.Ts.0.A.311, registration number in the state
register ROSS R.U.001. 513118 from 29.05.2003). The
determination of the content of chemical elements in
the hair was carried out by atomic emission and mass
spectrometry using an Elan 9000 mass spectrometer
(PerkinElmer, USA) and an Optima 2000 V atomic
emission spectrometer (PerkinElmer, USA).

The obtained material was processed using
generally accepted statistical methods using an
Excel spreadsheet editor from the Microsoft Office
XP package. Descriptive statistics parameters for
quantitative indicators are given as median (Me) and
interquartile latitude (25th; 75th percentile—Q1; Q3).

The statistical data were visualized using the Pylab
procedural interface for the Matplotlib (Python) library.

Results and discussion

As a result of the study, we obtained the following
data. So, in the general clinical analysis of blood,
statistically significant differences between the two
groups were found for leukocytes and lymphocytes
(Table 1). Their number was 1.1 (p = 0.049) and 1.4
(p = 0.022) times higher, respectively, in the first group
of patients. The number of leukocytes in the 1st group
of the examined exceeded the reference values of this
indicator (4.0-9.0 cells/l *109), while the number of
lymphocytes was within the reference values (1.2—
3.0 cells/1*109).

Table 1
Indicators of clinical blood analysis of patients, Me (Q1 — Q3)
Index 1 st group comparison group 2 p
Hemoglobin g/I 150.000 (130.000-159.000) 148.000 (143.000-151.000) 0.602
Erythrocytes cells/| *101? 5.000 (4.400-5.240) 4.890 (4.470-5.120) 0.928
Hematocrit, % 43.800 (42.300-45.800) 45.400 (43.300-47.300) 0.377
Platelets cells/I *10° 229.000 (215.000-300.000) 224.000 (204.000-270.000) 0.717
Leukocytes cells/I *10° 9.900 (6.600-13.800) 8.700 (7.800-12.800) 0.049
Monocytes cells/I *10° 0.600 (0.400-0.800) 0.500 (0.400-0.700) 0.600
Lymphocytes cells/I *10° 1.900 (1.800-1.930) 1.400 (1.100-1.760) 0.022
Neutrophils cells/ 1 *10° 7.200 (4.000-10.400) 6.700 (5.600-9.500) 0.928
Basophils cells/l *10° 0.000 (0.000-0.050) 0.090 (0.000-0.100) 0.196
Eosinophils cells/I *10° 0.100(0.000-0.200) 0.100 (0.000-0.190) 0.888

When studying the parameters of the biochemical
blood test of patients, statistically significant differences
were received for aspartate aminotransferase (Table 2).

Its number was 2.8 times higher (p = 0.001) in the group
of patients veined to the hospital in a state of alcoholic
intoxication.

Table 2
Indicators of biochemical analysis of patients’ blood, Me (Q1 — Q3)
Index 1 st group comparison group 2 p
Total protein g/I 70.900 (0.000-74.000) 69.400 (58.300-73.400) 0.909
AST unit/I 68.000 (60.000-84.000) 24.000 (19.000-36.000) 0.001
Total bilirubin pmol/I 10.800 (9.600-16.700) 15.300 (9.700-18.700) 0.526
Urea pmol/I 4.620 (2.300-5.260) 4.110 (2.760-5.300) 0.777
Creatinine pmol/L 80.000 (76.000-89.100) 86.000 (76.900-97.400) 0.511
Glucose mmol/I 5.130 (4.950-5.610) 5.490 (4.430-6.390) 0.667
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The next stage of our study was to study the content
of essential and conditionally essential elements in the
of patients’ hair (Table 3).

The number of the majority of essential and
conditionally essential elements in the of patients’ hair
with an alcoholic history was within the average Russian
values. However, significant differences in the number

of elements between the patient groups were obtained
for copper, manganese and zinc. Thus, the number of
copper (p = 0.013) and zinc (p = 0.000) in the hair
of the examined first group was 1.4 lower than in the
comparison group 2. The manganese number (p = 0.05),
on the contrary, was also increased by 1.4 times in
patients’ hair of group 1.

Table 3
The number of essential and conditionally essential elements
in the hair of the examined patients, Me (Q1 — Q3)
Central Russian meaning 1 st group comparison group 2 p
As 0.00-0.56 0.088 (0.056-0.147) 0.065 (0.045-0.103) 0.204
B 0.00-5 1.150 (0.913-1.580) 1.160 (0.719-1.330) 0.892
Co 0.04-0.16 0.010 (0.010-0.016) 0.018 (0.015-0.027) 0.051
Cr 0.32-0.96 0.772 (0.675-1.520) 0.678 (0.506-0.847) 0.094
Cu 9,0-14,0 10.42 (9.81-12.10) 14.76 (12.47-16.21) 0.013
Fe 11,0-24,0 19.46 (14.53-23.18) 24.16 (19.40-35.17) 0.148
: ref 027-4,2 (0.3266—513.450) (0.5:6'7—71%350) 0-634
Li 0.00-0,02 (0.0359%3.052) (0.0559%3.045) 0.751
Mn 0.32-1,13 (o.4§é9—913.670) (0.45% 2?930) 0.050
Ni 0.14-0,53 ©.1 5?61—7()?277) (0.1 9062—%?339) 0.175
Se 0.69-2,20 (0.310 3'?1702423) (0.29?1'?1101?389) 0.189
Si 11,0-370 (25.12 (?i%ﬁ 15) (25.5()2;63%.96) 0.415
sn ref 0,05-1,5 (0.1 (?61—%(.)1 86) (0.09021—%1.298) 0.982
v ref 0,005-05 (0.1 3??1—1(1)%292) (0.0907'1—%?1 84) 0.238
Zn 155,0-2060 (1197362771 5) (201?(33—22190.2) 0.000

Note: 1 — reference values (Bertram P, 1992; Skalny A.V,, 2000)

The number of the majority of essential and
conditionally essential elements in the of patients’ hair
with an alcoholic history was within the average Russian
values. However, significant differences in the number
of elements between the patient groups were obtained
for copper, manganese and zinc. Thus, the number of
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copper (p = 0.013) and zinc (p = 0.000) in the hair
of the examined first group was 1.4 lower than in the
comparison group 2. The manganese number (p = 0.05),
on the contrary, was also increased by 1.4 times in
patients’ hair of group 1.
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It is known that chronic alcohol intoxication changes
the levels of the main micro- and macroelements, which
leads to a significant number of metabolic disorders [17].
Chronic alcohol use breaks zinc homeostasis, lowering
its serum concentration by more than 25 % compared to
healthy people [18, 19]. Alcohol-caused modulation of
zinc transporters has been shown to reduce zinc levels in
the lungs, liver, intestines and brain. Deficiency of zinc
in the intestine leads to increased permeability of the
intestinal wall, which ultimately leads to endotoxemia
and systemic inflammation [20]. All this can affect
the rate of reparative processes in various injuries. In
addition, the data available in the literature indicate that
the use of zinc preparations in the complex drug therapy
of patients with break of the maxillofacial region who
abuse alcohol is quite effective [21].

Attention is drawn to the decrease in the selenium
number in the hair of the examined. It has been shown
that selenium deficiency has a negative effect on
physiological and reparative osteogenesis, manifested by
impaired formation of bone regeneration, deterioration
of the structural and functional state of bone tissue, the
development of degenerative-necrotic changes in bone
tissue and epiphyseal cartilage.

After conducting inter-element correlation analysis
in each group of patients, we obtained the following
data (Fig. 1, 2).

In the group of patients with an alcoholic history,
12 interelement relationships were identified: Co-B, Li-
B, Mn-B, Fe-Co, Mn-Co, Ni-Co, V-Cr, Zn-Cr, Mn-Fe,
Ni-I, Sn-I and Sn-Ni.

In the patients of the comparison group 2,
12 statistically significant relationships were also
revealed: Cr-B, Li-B, V-B, Fe-Co, Cu-Cr, Li-Cr, V-Cr,
Fe-Cu, V-Li, Ni- Mn, Sn-Mn. However, the correlations
in this group were much weaker than in the group of
patients with maxillofacial trauma who regularly took
alcohol.

Our findings are consistent with previous
studies. For example, Cezary Grochowski analyzed
the interactions between seven trace elements (zinc,
selenium, manganese, iron, copper, chromium, and
cobalt) in the brain of alcohol abusers and people
without an alcohol history. The number of correlations
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was greater, and their strength was stronger in the group
of patients with alcohol history.

Conclusion

In the course of the study, an increase in the content
of manganese and a decrease in the content of selenium,
zinc and copper were found in the hair of patients
who consume alcohol. These elements mediate vital
biochemical reactions, acting as cofactors for many
enzymes, and also act as stabilizing centers for enzyme
and protein structures. Diselementosis was accompanied
by a significant increase in aspartate aminotransferase
activity, as well as leukocytosis and lymphocytosis. Such
an imbalance of chemical elements, in conjunction with
a changed picture of peripheral blood and an increase
in the activity of ASaT, can affect the timing and
characteristics of the course of the reparative process.

As strategic proposals for solving such problems,
the following can be noted:

— creation (reconstruction and development) of a
resource base for the food and pharmaceutical industries;

— creation and production of adapted preparations
for nutraceuticals and pharmaceutical correction
of deficiency / excess of trace elements (based on
physiological, regional requirements);

— formation of a range of food products for the
conducting of information policy on the problem of
«functional foods and 220 essential trace elements for
human health»;

— consideration of proposals for inclusion in the
regional program for monitoring the elemental state of
the population, forming a scientific and methodological
base for monitoring the elemental status of the
population and correcting deviations, forming a joint
supply of fortification ingredients for regional producers
of products for social and mass food in accordance with
the monitoring results;

— carrying out the integration of scientific research,
considering the study of an interdisciplinary approach
and a bioelementological approach, providing people
with «blocks of life», including basic micronutrients
as simple primary bio elements that provide real
personalized nutrition and therapy in the process of
recovery from injuries.
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Copep)kaHne MUKPOIJIEMEHTOB B BOJIOCaX NaLMEHTOB
OTAeNIeHUs YeNIOCTHO-/IULL,eBO XUPYPrum

M.T. I'egynisaiHoB' 8, E.B. KusieBa’

! leHTpa/bHBIN HAyYHO-UCC/Ie0BATeNECKUHA HHCTUTYT CTOMATOJIOTHH U UeTIOCTHO-/TULIEBOW XUPYPTHH,
2. Mockea, Poccutickas dedepayus
2 OpeHOyprckuii rocygapcTBeHHbIH YHUBepcUTeT, T. OpeHOypr, Poccutickas @edepayus
Pl lambrador2 @gmail.com

AnHoTaums. AKnyaabHOCMb TTPO06/IeMbl TpaBMaTH3Ma MOCTOSTHHO BO3PACTAET, UTO CBSI3aHO C POCTOM /I0POKHO-TPAHCIOPTHBIX
TIPOMCIIIECTBUH, YBeJIMUEeHEM UHC/Ia MEKITUUHOCTHBIX KOHQJIMKTOB, JOCTYITHOCTHIO OTHECTPEIBLHOTO U XOJIOJHOTO OPYXKUS U T. /1.,
Kpowme Toro, y/ie/ibHbIM BeC MOCTPaIaBIliuX C TPABMAMU UeTF0CTHO-/IULEBON 00/1aCTh B COCTOSIHUU a/IKOTO/IbHOTO OTIbSIHeHMST
TIOCTOSIHHO pacTeT. L]e/nbio uccef0BaHus IBUJICS CPaBHUTEIbHBIN aHa/IN3 MUKPO3JIEMEHTOB IOCIUTaIM3UPOBAaHHBIX MaljueHTOB
C YeJIOCTHO-/IMLEBOM TPaBMOM, HaXOZSAIIUXCS B COCTOSIHUN a/IKOTOJIbHOT'O OTbSIHEHHS, OCTPOr0 TpaBMaTUUeCKOro CTpecca,
Y U3yueHue B/IMSIHUS TPAaBMbl HA Oa/IaHC MUKPO3/IEMEHTOB Y MALIMEHTOB OT/IeJIEHUsI Ue/TFOCTHO-/TULIEBON XUPYPTUU C Pa3/TUUHbIM
aJIKOTo/IbHBIM aHaMHe30M. Mamepuasbl u Memoobl. B viccreoBannu puHsM yuactue 30 MaleHTOB MY>KCKOTO T1071a OT/ie/IeHHs
YeJIIOCTHO-/ULeBOM xupyprun I'BY 3npaBooxpaHenust ropozia MockBel «I'opojickast KnuHUuecKasi 6obHuIa uM. .. Ho-
3eMI[eBa», PACIIOJIOKeHHOU B Topozie MockBe. Bce maifieHThI IOCTYITH/IN B OTAe/IeHHe 10 TIOBOJY TPaBMbI UeTFOCTHO-/TULEBOM
obnacTy ¥ ObUIK pa3zienieHbl Ha JiBe TPYIIIbL: 15 U3 HUX CUCTeMAaTHUeCKH YIIOTpeOsIsv alKoroib U HaXOJWINUCh B COCTOSTHUN
aJIKOTOJIBHOTO OTIbSTHEHUsI B MOMEHT T10/Ty4YeHust TpaBMbl (1 rpyrima), 15— 6e3 ankorosibHOTO aHaMHe3a (TpyTina CpaBHeHust 2).
Bcem natpenTam ObUT TPOBe/eH 001U KITMHAYeCKUH aHa/In3 KPOBY, OMOXUMUUYECKUI aHa/TU3 KPOBH, a TAKXKe OTIPe/iesisiyioCh
CoiepKaHue 3CCeHIMaNbHBIX U YCIIOBHO 3CCEHIMAbHBIX 3JIEMEHTOB B Bojiocax. Pesyibmambi u 0b6cysicoeHue. B pesynbrare
ObUIM BBISIB/IEHBI JOCTOBEPHbIE OT/IMUMS B COZleP)KaHWH MHUKDPO3/IeMEeHTOB MeKy TPYIIaMH TaleHTOB: CozlepyKaHue Meiu
(p=0.013) 1 tuaKa (p=0.000) B Bosiocax 00c/ie0BaHHBIX IT€PBOL IPYIIIbI ObLIO HIDKE B 1,4 10 CpaBHEHHMIO C TPYTINON CpaBHEHHUS
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2. Copep>xanrie Maprania (p=0.05), Ha060poT, 0Ka3a0Ch MOBBIIEHHBIM B BOJIOCAX MALUeHTOB 1 rpymmbl Takke B 1,4 pasa.
Kpowme Toro, y MaijMeHTOoB C aJIKOr0/IbHbIM aHAMHE30M B KPOBU ObUT BBISIB/IEH JIEMKOLMTO3 U MOBbIlieHue YpoBHsi ACT. BbigoObl.
IIpoBefeHHOe MCCe0BaHYe MT0Ka3aslo MOBbIIIeHNe COZlepyKaHKsl MapraHila ¥ CHIDKeHHe COoZlepKaHusl cesleHa, LIUHKA U Mein
B BOJIOCAX MAlLMeHTOB C a/IKOTO/IbHBIM aHaMHe30M. [11C3/1eMeHTO3 COMPOBOXK/IAICs OCTOBEPHBIM MOBBIIIIEHHeM aKTUBHOCTH
acriapraraMuHOTpaHCcdepaskbl, a TaKXKe JTEUKOLIUTO30M U TuMdoLuTo30M. [1o100HbIN AricbanaHC XUMUYeCKUX IEMEHTOB,
B COBOKYITHOCTH C MU3MeHeHHEeM COCTaBa rnepudepruyeckoii KpOBU 1 yBesndeHreM akTHUBHOCTH ACaT, MoXXeT 0Tpas3nuThCs
Ha CPOKax U 0COOEHHOCTSX TPOTEeKaHHsI PerapaTHBHOTO MpoLecca.
KnroueBble c/10Ba: TpaBMaTH4eCKUI CTPeCC, a/IKOro/b, MUKPO3/IeMeHThI

Bksaj aBTOpoB. ABTOPBI BHEC/IM PaBHBIN BKJIaJ, B IOATOTOBKE PYKOMHCH.
Hudopmanus o KOHQIMKTe HHTEPeCoB. ABTODbI 3asiB/ISIIOT 00 OTCYTCTBHY KOH(IMKTa UHTEPECOB.
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