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THE STATE OF CATECHOLAMINE METABOLISM
DURING INTOXICATION WITH A COMPLEX
OF TOXIC GASES AND DUST

In professional conditions, adaptation to unfavorable production factors is most often implemented
through a resistance strategy that provides changes in the function of molecular and supramolecular
systems. Unfavorable factors of the working environment can cause two differently directed reactions
in a person — an increase in resistance (increase in resistance) and an increase in tolerance (tolerance,
endurance). We conducted experimental studies of laboratory animals directly in the main workshops of
the titanium-magnesium plant, where their body is exposed to a complex of toxic gases and dust (aero-
sol of titanium dioxide, dust of metallic titanium, titanium tetrachloride and its hydrolysis products, as
well as chlorine and phosgene). In the experiment, the activity of the sympathetic-adrenal system was
determined by the excretion of catecholamines — adrenaline, norepinephrine, dopamine and DOPA. We
have revealed significant changes in the level of catecholamines in the organs of experimental animals.
Adrenaline and norepinephrine in the liver tissue increased significantly in laboratory animals at 2; 4
and 12 weeks, kept in 1,2 and 3 shops compared with the control. The content of norepinephrine in the
tissue of the adrenal glands, in the tissue of the heart in animals kept in the main workshops changed sig-
nificantly compared to the control. These studies are of interest in the light of early detection of changes
in the body when exposed to a complex of toxic gases and dust, the timely implementation of therapeu-
tic, preventive measures prevents the development of occupational and somatic diseases.

Key words: titanium-magnesium plant (TMP), main workshops, laboratory animals, catecholamines
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YAbl ra3pap mMeH LuaHAAp KelleHiMeH YAaHY Ke3iHAeri
KaTeXOAAMMH aAMacCYbIHbIH, KaFAaibl

Kacibu >karpaanAapaa KOAAMCbI3 OHAIPICTIK hakTopAapra GeniMaeAy KebiHece MOAEKYAAAbIK,
JKOHE CYNPaAMOAEKYAAAbIK, XKYeAep KbI3METIHIH, ©3repyiH KaMTaMachl3 eTeTiH KapCblAbIK, CTpATEruschbl
apKbIAbI >Ky3ere acbipbliAaAbl. XKyMbIC OpPTaCbIHbIH KOAANCbI3 (hakTOPAAPbl aAaMAQ eKi TYPAI GaFblTTaAFaH
peakumsiAapAbl TYAbIPYbl MYMKIH — KQPCbIAbIKTbIH XX8He TO3IMAIAIKTIH, KOFapblAaybl (TOAEPAHTTbIAbIK,
Te3iMAIAIK). Bi3 3epTxaHaAblK, KaHyapAapFa TikeAel TUTaH-MarHui 3aybITbiHbIH Herisri uexTapblHAa
TOXIPMOEAIK 3epTTeyAEep XYPri3AiK, OAAPAbIH AEHECIHE YAbI ra3zaap MeH LAHAAP KELIEHi 8Ccep eTiAAj
(TUTaH AMOKCUAIHIH a3pO30Ai, METAAA TUTAHHbIH LWAHbI, TUTAH TETPAXAOPUAI XKOHE OHbIH FMAPOAU3
OHIMAEPi, COHAAM-aK, XAOp >k8He hocreH). DKCMEePUMEHTTE CUMIMATUKAAbIK-OYMpPEK YCTi XYyMeciHiH,
GEACEHAIAITT KaTEXOAAMMHAEPAIH — aAPEHAAMHHIH, HOPAaAPEHAAMHHIH, AOaMUHHIH >koHe AOMA-
HbIH OOAIHYiIMEH aHbIKTaAAbl. Taxipnbe xaHyapAapbiHbIH aF3aAapbiHAA KaTEXOAAMMHAEP AEHreniHAe
anTapAbIKTan e3repicTepAi aHbIKTaAblK,. bayblp TiHIHAE aApeHaAMH MeH HOpaApeHaAuH OakblAaymeH
CaAnbICTbIpFaHAa 1,2 xeHe 3 uexTapAa CaKTaAFaH 3epTXaHaAblK, »KaHyapAapAa 2;4 >xaHe 12 antaaa
anTapAbIKTaM >KOFapblAaFaH. Herisri uextapaa ycraaaTbiH >kaHyapAapaa 6yrpek ycTi 6e3aepiHiH,
TiHAepiHAEri, >Kypek TiHAepiHAeri HOpaApeHaAMHHIH, MeAllepi  6akblAayMeH CaAbICTbIpFaHAQ
anTapAbIKTan e3repai. bya 3epTTeyAep yAbl raspaap MeH LaHAQP KeLleHi cep eTKEeHAE aF3aAarbl
e3repictepai epTe aHblKTay, eMAIK, NMPOUAAKTUKAABIK, LLIAPAAAPAbI AP Ke3iHAE XXYPridy KecinTik
SK8HE COMATMKAAbIK, aypyAapAbIH, AaMybiH 60AABIPMANADI.

Ty#HiH ce3aep: TMTaH-MarHUM OHAIDICI, HErI3ri LiexTap, 3ePTXaHaAbIK XKaHyapAap, KaTeEXOAAMUHAED.
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CocrosiHne meTaboAM3Ma KaTeXOAAMMHOB
NMPU UHTOKCUKALLIUU KOMINMAEKCOM TOKCUYECKHUX FTa30B U MbIAU

B npodeccroHaAbHbIX YCAOBMSX aAanTaumsi K HebAaronpustHbiM hakTopam MNpomM3BOACTBA
HanboAee YacTo peaAnsyeTcs Yepes CTpaTeruio PesvcTeHTHOCTU, KoTopasi ob6ecrneumBaeT M3MeHeHMsl
(PYHKLMU MOAEKYASIPHBIX M HAAMOAEKYASIPHbIX cucTem. HebaaronpustHbie (hak Topbl IPOU3BOACTBEHHOM
CpeAbl MOTYT BbI3blBaTb Y YEAOBEKA ABE PasHOHAMPAAEHHbIe PeakLMU — YBEAMYEHUE Pe3NCTEHTHOCTH
(yBEAMUEHME COMPOTMBASIEMOCTU) M yBEAMUEHME TOAEPAHTHOCTU (MepeHOCUMMOCTH, BbIHOCAMBOCTM).
Hamu npoBeaeHb! 3KCMEPUMEHTAAbHbIE MCCAEAOBAHUS AAGOPATOPHbIX XXMBOTHbIX HEMOCPEACTBEHHO
B OCHOBHbIX LieXax TMTaHO-MarHMeBOro KOM6uHaTa, rAe Ha MX OpraHvM3m MPOUCXOAMT BO3AENCTBME
KOMIAEKCa TOKCMYECKMX ra30B U MblAM (a3PO30Ab ABYOKMCU TWUTaHa, MbiAb METAAAMUECKOrO TUTAHQ,
UeTbIPEXXAOPUCTBIA TUTaH U MPOAYKTbI €ro rMAPOAM3a, a TakxKe XAOp U ocreH). B akcnepumeHTe
OMpPEeAEAsIAM aKTUBHOCTb CMMIMATO — AAPEHAAOBOM CUCTEMbl MO 3KCKPELMM KAaTEXOAAMMHOB —
aApeHaAMHa, HopaapeHaauHa, AodammHa U AODA. Hamu BbiIBA€Hbl 3HAUMTEAbHble W3MEHeHWs
YPOBHSI KaTEXOAAMMHOB B OpraHax 3KCMepUMEHTAaAbHbIX XMBOTHbIX. AAPEHAAMH M HOPaAPEeHaAMH B
TKAHW MeYeHn 3HAUMTEAbHO YBEAMUMACS Y AABOPATOPHbIX XKMBOTHbIX B 2;4 1 12-HEAEAbHbIR CPOK,
coaepxkawmxcs B 1,2 1 3 exax no cpaBHeHMIo ¢ KOHTpoAem. CoaepkaHue HOpaApeHaArMHa B TKaHU
HAAMOYEYHUKOB, B TKAHW CEPALQA Y >KMBOTHBIX, COAEPYKALLMXCS B OCHOBHBIX LieXaX, 3HaUMTEeAbHO
M3MEHUAMUCH MO CPaBHEHUIO C KOHTPOAEM. DTU MCCAEAOBaHMS MPEACTABASIIOT MHTEPEC B CBETE PaHHEro
BbISIBAEHMS M3MEHEHUI B OpraHvM3ame Mpu BO3AEMCTBUMM KOMIAEKCA TOKCMUYECKMX ra30B M MbIAM,
CBOEBPEMEHHOE MPOBeAeHME AeUebHbIX, MPOUAAKTUYECKUX MEPOTNPUSTUIA MPEAOTBPALLIAET pa3BuUTHE
NpohecCMoHaAbHbIX M COMATUUECKUX 3a60AEBAHMIA.

KAroueBble cAOBa: TMTAHO-MarHMeBoe NMPON3BOACTBO, OCHOBHbIE LEXa, /\a6opaToprle KMBOTHbIE,

KaTeXOAaMUHbI.

Introduction

Health assessment at the present stage urgently
requires the development of scientific approaches
to identifying early changes in the state of the body
under the influence of the environment, including
the negative consequences of production factors
[1;2;3]

It is known that the functional state of the body
during labor activity is influenced, first, by the factors
of the labor process, which cause tension in regulatory
mechanisms (nervous, humoral, metabolic) under the
regulatory influence of the central nervous system
[4;5]. Their severity correlates with the conditions,
nature, and severity of labor [6;7;8]. The functional
state of the organism that is formed at the same time
at a new stage of regulation is evaluated as the “price”
of adaptation. [9;10;11].

In healthy people and animals, the constancy
of homeostasis is ensured by a balanced state
between assimilation processes, i.e. processes of
decay and synthesis of metabolites, maturation and
degradation of cellular elements that form the basis
of every minute adaptation of the body’s function
to constantly changing conditions of the external
and internal environment [12;13;14]. At the same

time, the constancy of homeostasis is ensured by
the mechanisms of antagonistic regulation and
duplication of functions, the polyfunctionality of
cells by recombination transformations of tissue
structures [15;16].

These mechanisms form the basis of the
adaptation syndrome, which, according to G. Selye,
is a clinical manifestation of a stress reaction that
occurs when deviations in the living conditions are
unfavorable for the body [17;18].

Occupational stress, like any other, causes a
restructuring of the body’s physiological functions
and metabolism, aimed at increasing the body’s
stability and mobilizing energy resources necessary
to maintain homeostasis and normal functioning of
organs and systems [19;20].

In the formation of prenosological states,
an important role is assigned to indicators of
neurohumoral regulation and tissue metabolism.
These studies are of interest in the light of the general
concept created in recent years, according to which
chronic stressful effects of production factors cause
changes in the nervous system (both in the central
and peripheral ones), which negatively affect the
neurographic processes and the regulation of blood
circulation [21, p. 38].
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It is well known that several groups of
physiologically active substances act on metabolic
processes in cells, tissues and organs, as well
as on the regulation of the circulatory system,
some of which are neurotransmitters (adrenaline,
norepinephrine, dopamine, acetylcholine), others
are local regulators — kinins, etc.

Information about the effect of titanium and its
compounds on individual organs and systems is
limited in the literature. It is known (that the action
of insoluble titanium compounds develops changes
in the respiratory tract) [22;23]. The development
of pneumoconiosis was found in workers whose
production activities are associated with the action
of titanium and titanium carbide [24, p.5].

The influence of harmful factors of TMP and
their role in the occurrence of health disorders is
necessary in several studies that can become the basis
for the development of a complex of recreational
activities aimed at improving health and increasing
efficiency.

Even though several modern improvements
have been introduced in the technological process
of obtaining titanium sponge, working conditions
remain unfavorable.

Material and research methods

Our research includes a section — experimental,
performed on laboratory animals. In order to
clarify the nature of pathological changes in the
body of animals developing under the influence
of a complex of toxic gases and dust (aerosol of
titanium dioxide, dust of metallic titanium, titanium
tetrachloride and its hydrolysis products, as well as
chlorine and phosgene), experimental studies were
carried out directly under conditions of titanium-
magnesium production. Such an approach, from
our point of view, can create the most advantageous
experimental model, which makes it possible to carry
out the corresponding clinical and experimental
parallels with maximum completeness. Therefore,
a series of experimental animals was placed on
the territory of three main workshops (shops 1, 2
and 3) of JSC TMP Management Company. The
animals were placed in specially made cages of 25-
26 animals each, which were installed at the level
of the human respiratory organs. The experimental
animals of the control series of the experiment (28
animals) were kept on the territory of the plant, but
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at a considerable distance from the main production
shops in a separate, clean, well-ventilated room.
Animals of the control group were killed at the
same time as the experimental animals (2, 4 and 12
weeks).

The activity of the sympathetic-adrenal system
was assessed by the excretion of catecholamines
— adrenaline, norepinephrine, dopamine and by
the DOPA method Matlina E.Sh. et al. (1965),
which is based on their isolation from urine by
alumina column chromatography. Adrenaline,
norepinephrine and almost half of the adsorbed
DOPA were eluted with 0.25 mol/l acetic acid
solution. The DOPA remaining on the adsorbent
was removed with a mol/L solution of hydrochloric
acid. Catecholamines were differentiated by their
oxidation with potassium ferrocyanide in a medium
with different pH values and fluorimetrically on
a spectrofluorimeter using different sets of light
filters. Dopamine was determined using iodine as an
oxidizing agent.

Results and its discussion

In animals that were on the territory of shop Nel,
after 2 weeks, an increase in the stress hormone —
adrenaline in the liver to 0.08 = 0.006 pg/ 1 g of raw
tissue was found, which is 200% more than in the
control group (0.04 + 0.004), p<0.001.

After 4 weeks of the experiment, the level
of adrenaline decreased slightly, but was higher
than the control values (0.06+0.005) by 50% and
amounted to 0.09+0.002, p<0.001.

After 12 weeks, liver epinephrine again
increased by 240% to 0.12+0.09 against the control
—0.05£0.004 ng/1g of raw tissue.

Apparently, changes in adrenaline in the liver
tissue reflect the stages of the adaptation process of
animals to the factors of the production environment
of shop No. 1.

In parallel with the change in adrenaline in the
liver tissue, there was an increase in adrenaline in
the adrenal tissue after 2 weeks by 24% to 1012 +
56.2 ug / 11 of wet weight (in control — 814 + 76.2)
p<0.01, which indicates an increase in synthesis
adrenaline in this tissue. However, after 4 and 12
weeks, the level of adrenaline slightly decreased by
19 and 18%, but was higher than the control values
(826+81.2 and 870+79.4) up to 968+69.4, p<0.05
and 1026+ 42.4, p<0.01.
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Table 1 — Levels of epinephrine and norepinephrine in the internal organs of animals located on the territory of JSC “MC TMP”

shops, (M+m)

Indicators Adrenalin Noradrenalin
No Liver Adrenal gland . Heart Adrenal gland
B Ani Liver mcg/1g wet
i mcg/1 gram wet | mcg/1 gram wet weight mcg/lg wet mcg/lg wet
Series weight weight & weight weight
Control:
2 weeks 0,04+0,004 814+76,2 0,42+0,03 0,660+0,04 379+9,0
! 4 weeks 0,06+0,005 826+81,2 0,56+0,04 0,669+0,05 392+12,0
12 weeks 0,05+0,004 870+79,4 0,6140,06 0,720+0,06 410+9,0
Workshop
2 I 0,08+0,006% 1012+56,2* 0,68+0,09 0,596+0,02 450+19%
2 weeks
4 weeks 0,09+0,002%x 968+69,4* 0,86+0,07 0,729+0,09 469+29,0*
12 weeks 0,12+0,09* 1026+42,4* 1,09+0,06* 0,840+0,05* 620+15,0
3 Workshop 2:
2 weeks 0,08+0,001x 910+81,1 0,37+0,02 0,78+0,08 442+8,0%
4 weeks 0,100+0,002 948+56,2* 0,41+0,03* 0,968+0,04> 466+10,0
12 weeks 0,09+0,001x 1221,4+30,1 0,50+0,04 0,966+0,08* 682+12,0x
4 Workshop 3:
2 weeks 0,060,003 612+51,1= 0,56+0,04* 0,76+0,06 286+5,0
4 weeks 0,07+0,004* 784+73,9 0,62+0,04* 0,680+0,03 251+8,0
12 weeks 0,04+0,002 526+28,9x 0,76+0,07* 0,810+0,09 278+6,0

The content of norepinephrine in the liver of
animals that were on the territory of shop No. 1
gradually increased after 2, 4 and 12 weeks by 67,
54 and 78% to 0.68+0.09; 0.86+0.07 and 1.09+0.06,
p<0.001. The control figures for norepinephrine
in the liver tissue were 0.42+0.03; 0.56+0.04
and 0.61+0.06 corresponding to the terms of the
experiment. The content of norepinephrine in the
tissue of the adrenal glands increased after 2 weeks
by 15% to 450£19, p<0.05 (in control — 379+9.0
png/lg) of raw tissue, after 4 weeks by 20% to
469+29 (control — 392+12.0), p<0.05 and after
12 months by 50% to 620+15.0, p<0.001, against
control — 410+9.0.

The content of norepinephrine in the heart
tissue in animals of shop No. 1 increased by
16% to 0.840+0.05 only after 12 months of the
experiment.

In animals that were on the territory of shop No.
2, adrenaline increased in the liver tissue after 2, 4
and 12 weeks by 33, 66 and 80% to 0.08+0.001;
0.10040.002 and 0.09+0.001, p<0.001. The content
of adrenaline in the adrenal glands began to increase
only after 4 weeks by 15% to 948+56.2, p<0.05,
and by 12 weeks it reached 1221£30.1 pg/lg of
raw tissue, which was 40% higher than the control,

p<0.05 <0.001. The level of norepinephrine in the
liver tissue decreased by 27% to 0.41+0.03, p<0.05,
apparently due to its increased conversion into
adrenaline in the metabolic chain. In the adrenal
tissue, the content of norepinephrine moderately
increased after 2 and 4 weeks by 17 and 19% to
442+8.0 and 466+10 pg/lg of raw tissue, p<0.001,
and significantly increased by 66% after 12 weeks to
466+10 .0, p<0.001.

Shop No. 2 is characterized by an increase in
norepinephrine in the heart, starting from 2 and 4
weeks to 12 weeks —by 28, 47 and 34% to 0.78+0.08;
0.9684+0.04 and 0.996+0.08 pg/lg of raw tissue,
p<0.001, against control values in the same terms
of the experiment — 0.660+0.04; 0.669+0.05 and
0.720+0.06.

In animals that were on the territory of shop No.
3, an increase in adrenaline in the liver tissue was
found after 2 weeks —by 50% to 0.06+0.003, p<0.001
and after 4 weeks — by 17% to 0.07+0.004, p<0 .05.
The content of adrenaline in the adrenal glands
decreased during the period of the experiment of 2
and 12 weeks — by 25%, p<0.01 and 40%, p<0.001.
The content of norepinephrine in the liver increased
after 2 and 12 weeks to 33 and 25%, p<0.01 and
p<0.05.
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Terms of the experiment: I — 2 weeks, 11 — 4 weeks, III — 12 weeks.
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Figure 1 — The content of catecholamines in the internal organs of animals located
on the territory of the workshops of Ust-Kamenegorsk “JSC TMP”
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In the adrenal glands, a decrease in
norepinephrine was found by 25, 36 and 32% to
286+5.0; 251+£8.0 and 278+6.0, p<0.001 due to
increased release of the mediator into the blood. An
increase in norepinephrine by 13% after 12 weeks to
0.810+0.09, p<0.001, was found in the hearts of the
animals of shop No. 3.

Thus, the action of production factors on
the territory of JSC “MC TMK” shops causes a
restructuring of neurohumoral regulation, which is
expressed in changes in catecholamines in organs.

Conclusion

The titanium-magnesium plant in Ust-
Kamenogorsk functions as one of the most
advanced enterprises in Kazakhstan and as one of
the leading enterprises in the CIS countries in terms
of the integrated use of raw materials, the degree of
extraction of metals, and product quality.

Ust-Kamenegorsk “JSC TMP”includes 3 main
workshops:

workshop 1 — magnesium production;

workshop 2 — for the production of titanium
tetrachloride;

workshop 3 — for the production of titanium
sponge.

Currently, a magnesium-thermal method for
producing titanium sponge is used, based on the
implementation of the interaction of titanium
chloride and magnesium.

Magnesium-thermal, as well as less common
sodium-thermal methods of reduction of titanium
tetrachloride are used in world practice.

The choice of magnesium or sodium titanium
tetrachloride as a reducing agent is determined
by technological and economic considerations,
the availability of appropriate raw materials and
experience in the production of these metals. In
particular, in England, where magnesium raw
materials are practically absent, but sodium
production is developed, the titanium industry is
based on the sodium-thermal method of titanium
reduction, while in the USA and Japan, the
magnesium-thermal method is mainly used. The
magnesium-thermal method is also used in the
domestic titanium industry.

As a result of experimental studies carried out
on the territory of TMP workshops, we found a
change in adrenaline in the liver in the 1st workshop
after 2 weeks by 200% more than in the control
group p<0.001, after 4 weeks the level of adrenaline
is 50% higher than the control p<0.001 and the 12-
week period of the experiment adrenaline in the
liver increased by 240%.

In parallel with the change in adrenaline in the
liver tissue, there was an increase in adrenaline in
the tissue of the adrenal glands after 2 weeks by
24% compared with the control p<0.01, and after
4 and 12 weeks the level of adrenaline slightly
decreased by 19 and 18%, but was higher than the
control values p<0.01. <0.05 and p<0.01.

The content of norepinephrine in the liver of
animals that were on the territory of shop No. 1
gradually increased after 2, 4 and 12 weeks by 67,
54 and 78% p<0.001. The content of norepinephrine
in the tissue of the adrenal glands increased after 2
weeks by 15%, after 4 weeks by 20% p<0.05 and
after 12 months by 50% p<0.001, against the control.

The content of norepinephrine in the heart tissue
in animals of shop No. 1 increased by 16% only
after 12 months of the experiment.

In animals that were on the territory of workshop
No. 2, adrenaline increased in the liver tissue after
2,4 and 12 weeks by 33, 66 and 80%, p<0.001. The
content of adrenaline in the adrenal glands began to
increase only after 4 weeks by 15% p<0.05 and by 12
weeks by 40% higher than the control, p<0.001. The
level of norepinephrine in the liver tissue decreased
by 27%, p<0.05. In the adrenal tissue, the content
of norepinephrine moderately increased after 2 and
4 weeks by 17 and 19%, p<0.001, and significantly
increased by 66% after 12 weeks, p<0.001.

Workshop No. 2 is characterized by an increase in
norepinephrine in the heart, starting from 2 and 4 weeks
to 12 weeks — by 28, 47 and 34%, p<0.001, against
control values at the same time of the experiment.

In animals that were on the territory of shop No.
3, an increase in adrenaline in the liver tissue was
found after 2 weeks — by 50%, p<0.001 and after 4
weeks — by 17%, p<0.05. The content of adrenaline
in the adrenal glands decreased during the period of
the experiment of 2 and 12 weeks — by 25%, p<0.01
and 40%, p<0.001. The content of norepinephrine
in the liver increased after 2 and 12 weeks to 33 and
25%, p<0.01 and p<0.05.

Intheadrenal glands,adecreaseinnorepinephrine
by 25, 36 and 32% was found, p<0.001. An increase
in norepinephrine by 13% after 12 weeks was found
in the hearts of animals from shop No. 3, p<0.001.

Thus, we have identified significant changes
in the level of catecholamines in the organs of
experimental animals when exposed to a complex
of chemicals such as titanium dioxide aerosol,
metallic titanium dust, titanium tetrachloride and
its hydrolysis products, as well as chlorine and
phosgene. The revealed changes can cause changes
in the function of molecular and supramolecular
systems, causing maladjustment and presonic
manifestations.
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