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PE3FOME. Cnaasu 3aniza i mapeanyro ((hepocniagu) mpaouyitino GUKOPUCHIOBYIOMb y Memanypeii npu ueomoeieHHi cmaii ma piz-
Hux eudie uasyny. B Vpaini ghynkyionye oone 3 naubinouux pepocnaasnux nionpuemcme 6 €sponi — Hikononvcokuii pepocniasnuii
3a600, Axull gupobnse nonad 11 % ceimosozo obcsey ghepocniagis, de 3atinsimo nonad 7500 podimnuxis. IIpomucioge 8upooHuymeo
ma 8UKOPUCAHHSA (hepOChIasié Cnpusioms HAOX0OHCEHHIO IXHIX KOMNOHEeHMI8 Y 8UpOOHUUe cepedosuuje ma BNaUBAIONb HA CIAH
300p06's npayienuxie. Bidomo, uwjo npu niasienti gpepomapeanyio 6 pooimHuKie 6UAEIEHO ACMEHII0, HOPYIUEHHS HEPBOBOi cucmemu
ma eunaoku oponxianvHoi acmmu. Jlani wjodo enuey Ha opeaisv gepocunixomapeanyio € manouucensui. Omoice, Q0CIONHCEHHs
ocobnugocmell mokcuuHoi 0ii nopowikis pepocniasie — Gepomapeanyio i hepocunikoMapeanyio Ha OPeanizvM € AKMYATbHUM NUMAH-
HAM OJisL 2lei€nu npayi ma npOMUCIO80i MOKCUKONORI.

Mema. JJocniodicenns ocobnusocmeti moxkcuynoi Oii nopouikie ghepomapearyro ma (pepocunikoMapeanyro Ha OpeaHizv uypie nicis
OOHOKPAMHO20 THMPAMPAXeaTbHO20 88e0eHHs 8 X00i OUHAMIYHO20 COCINEPENHCEHHS.

Mamepianu ma memoou. Excnepumenm 6ukoHano Ha wypax-camysx ainii Bicmap 3 nouamkosoio macoro mina 160-180 e. Cycnensii
NOPOWIKI& (hepomapeaniyto ma hepocunikoMapeanyio Ha OUCIUILOBAHIT 6001 6600 OOHOKPAMHO 8 MPAXEI0 HAPKOMUZOBAHUM Mi0-
nexmanom Hampito meapunam y 003i 50 me nopowxy (1/100 JI/15y) na ke macu mina wyypa. Konmporsnum wypam ananoeiuio 6600unu
1 mn oucmunvosanoi 6oou. Ilicia esedennst (wepes 1 musicoens, 1 i 3 micsayi) y Kposi KoHmpoabHux i QOCTIOHUX WYPi6 6U3HAYAIU
BMICT 3Ai30, MAP2AHYIO MA CUTIYII0 30 OONOMO20K0 MemoOy AMOMHO-eMICIIHOI CheKmpoMempii 3 IHOYKMUBHO 38 3GHOI0 NIAZMOI0
Ha npunadi Optima 2100 DV. B ycix epynax wypie gusnauero dioximiuni noxasnuxu (axmusricms gepmenmie AJIT, ACT, JI®, emicm
2NIIOKO3U, CeY0B0I KUCTIOMU, 32a1bHO20 XONeCepUuty, mpueiiyepuois, 6Micn 3ai3a, 3a2a.1bHy 3a1i3038 A3y10uY 30amHicms cuposam-
ku (333C) ma eiocomok nacuuenns sanizom cuposamxu (H3C), nokaznuxu necneyughiuno2o npupoonozo imyrnimemy (pacoyumapha
i bakmepuyuOHa akmusHicmo HellmpoQinie Kposi, pieeHb yupkyoouux iMynHux kovniexcig (L{IK)). Cmamucmuunuii ananiz ompu-
MAHUX OaHUX 6UKOHAHO 3 suKopucmannam npoepamu Microsofi Excel 2007.

Pesynomamu. OoHoxkpamue 68e0eHHs 8 mpaxer ulypam cycnensii nopouikie gepocniasie npusseno 0o 30inouienns emicmy Fe i Mn
¥ Kposi, 30kpema emicniy Fe nicia esedenns pepomapeanyio ma ghepocunikomapeanyro 8 yci mepminu cnocmepesicerus, mooi sk
30ivimenns pisns Mn euseneno uepes micsayv. Buicm Si 6 Kposi wypie 060x 00CIiOHUX 2pyn YAPOO08IIC eKchepumennty 0y8 Ha pigHi
KOHMPOIbHUX 3HAYeHb. Bcmanosneno, wjo 30insenns emicmy Fe 6 kposi 00c1iOHUX wypie cnpuuuHAIo ROpYUeHHS 11020 Memabois-
my (3uuocenns 333C kposi ma 36inbwenns giocomrka H3C). Yepes 3 micayi nicis 66e0eHHs NOPOWIKI® Y CUposamyi Kposi 000X
Q0CTIOHUX 2pyn wypi6 gusHaueHo niosuwerns akmugrocmi pepmenmie (AJIT, ACT, JID), a maxooic 30inbuuenHs emicmy ceuogoi Kuc-
JIOMU, WO MOdIce BKA3Y8AMU Ha NOUWKOOJCEHHs. KIIMUH NeUiHKU Ma po36UMOK 3anaivHozo npoyecy. IIpu egedenti 06ox gepocniasie
BU3HAUEHO 3HUMNCEHHA (pazoyumapHoi yHKyii Heumpoginie Kposi ma nioguujeHHs YMeoPeHHs PeaKmuHUX Qopm KUCHIO, 3011bUeHHS
DpisHig Huzwko- i gucokomonexyasapnux LIK y cuposamyi kpogi, ocobnuso uepes 1 micsiyb nicis 66e0enns, wo 6KA3Ye HA AKMUBayin
2YMOPATLHOT TAHKY HECReYUDIUHO20 NPUPOOHO20 IMYHIMEMY Ha M NOPYUEHHS. RPoYeCy (Pazoyumosy.

Bucnosok. Bemanosneni sminu 6ioXiMiuHux ma iMyHONIO02IUHUX NOKAZHUKIG C8I0UAMb NPO HAAGHUL MOKCUYHULL GNIUE HA OP2AHI3M
NOpowKi6 hepomapeanyio ma ghepocunixomapeanyio nicis OOHOKPAMHO0 iXHbO20 86e0€HHS 8 Mpaxelo, I 00YMOBIeHT 30i1bUeHHAM
emicmy Fe i Mn 6 kposi docnionux wypie. Hatibinew eupasni sminu eusieneri uepes 1 micsayb niciis 66edeHHs 060X nopouikis. binvuu
HeCnpUusmIueutl 818 Ha OP2aHizm OOCTIOHUX U[yPi8 CHPUYUHUE NOPOULOK (DepOMapeaHyio, YaCMUHKI AK020 MAU MEHUIUL POIMID.
Kniouosi cnosa: pepomapeaneys, pepocunikomapearelys, yiompaoucnepcHi 4acmuHKi, MoKCUUHICHb.
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ASSESSMENT OF THE TOXIC EFFECT OF ULTRADISPERSE PARTICLES OF FERROMANGANESE
AND FERROSILICOMANGANESE POWDERS ON THE ORGANISM OF RATS

Introduction. Alloys of iron and manganese (ferroalloys) are traditionally used in metallurgy in the production of steel and various
types of cast iron. One of the largest ferroalloy enterprises in Europe operates in Ukraine — the Nikopol Ferroalloy Plant, which pro-
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duces more than 11% of the world volume of ferroalloys and employs more than 7,500 workers. Industrial production and use of fer-

roalloys contribute to the entry of their components into the production environment and affect the health of workers. It is known that
asthenia, disorders of nervous system and cases of bronchial asthma were registered in workers engaged in ferromanganese melting.

There are few data on the effect of ferrosilicomanganese on the human organism. Therefore, the study of the peculiarities of the toxic
effect of ferroalloy powders — ferromanganese and ferrosilicomanganese on the organism is a relevant issue for occupational hygiene
and industrial toxicology.

Aim. Investigation of the peculiarities of the toxic effect of ferromanganese and ferrosilicomanganese powders on the body of rats after
a single intratracheal administration during dynamic observation.

Materials and Methods. The experiment was performed on male Wistar rats with an initial body weight of 160-180 g. Suspensions of
ferromanganese and ferrosilicomanganese powders in distilled water were administered once into the trachea of animals anesthetized
with sodium thiopental at a dose of 50 mg of powder (1/100 LDsy) per kg of rat body weight. Control rats were similarly administered
1 ml of distilled water. After administration (in one week, one month and three months), the content of iron, manganese and silicon in

the blood of control and experimental rats was determined using the method of atomic emission spectrometry with inductively coupled
plasma with the Optima 2100 DV device. Biochemical parameters were determined in all groups of rats (activity of ALT, AST, ALP
enzymes; glucose, uric acid, total cholesterol, triglycerides, iron content, serum total iron-binding capacity (TIBC) and percentage of
serum iron saturation (TfS), indicators of non-specific natural immunity (phagocytic and bactericidal activity of blood neutrophils, the
level of circulating immune complexes (CICs)). Statistical analysis of the data was performed using Microsoft Excel 2007.

Results. A single administration of a suspension of ferroalloy powders into the trachea of rats led to an increase in the content of Fe
and Mn in the blood, in particular of the Fe content after the administration of ferromanganese and ferrosilicomanganese at all obser-

vation periods, while an increase in the level of Mn was detected after one month. The content of Si in the blood of rats of both exper-

imental groups during the experiment was at the level of control values. It was established that an increase in the Fe content in the
blood of experimental rats caused disruptions in its metabolism (a decrease in blood TIBC and an increase in the TfS percentage). 3

months after the administration of the powders, an increase in the activity of enzymes (ALT, AST, and ALP) was determined in the blood
serum of both experimental groups of rats, as well as an increase in the content of uric acid, which may indicate damage to liver cells
and the development of the inflammatory process. With the administration of both ferroalloys, a decrease in the phagocytic function

of blood neutrophils and an increase in the formation of reactive oxygen species, an increase in the levels of low- and high-molecular
weight CICs in the blood serum, especially one month after the administration, were determined, which indicates the activation of the
humoral link of non-specific natural immunity against the background of a violation of the phagocytosis process.

Conclusion. The established changes in biochemical and immunological indicators testify to the existing toxic effect on the body of
ferromanganese and ferrosilicomanganese powders afier their single administration into the trachea, and are caused by an increase
in the content of Fe and Mn in the blood of experimental rats. The most pronounced changes were detected one month after the admin-

istration of both powders. More adverse effects on the body of experimental rats were caused by ferromanganese powder, the particles
of which were smaller.

Keywords: ferromanganese, ferrosilicomanganese, ultra disperse particles, toxicity.

Beryn. MeranypriiiHa TPOMHCIIOBICTD,
HE3BaXXKAIOYM Ha CKJIaJHI YMOBH IOBHOMAC-
mTaOHO1 BiHU B YKpaiHi, 3JIUIIAETHCS OTHIEI0
3 MPOBIAHKUX TaTy3el HallIOHATHHOI EKOHOMIKH.
Jlo MeTamypriiHOrO KOMIUIEKCY BiZHOCSATHCS
depocmaBHi 3aBoau, cepen HuX Hikomoabchkuid
depocmnaBHuil 3aBON, SKUHA BUPOOISE TMOHAM
11 % cBiToBOrO 00CSTY (hepocmiaBis, € HalOLIb-
MM TAIpHeMCTBOM B €Bporti. OCHOBHOIO MPO-
TYKITI€I0 3aBOY € BUPOOHMIITBO CILIABIB 3ai3a
Ta Maprasito (pepomapranens, pepocuiikomap-
raHelb), HeOOXiTHUX JIETYIOUMX €JIEeMEHTIB IS
BUPOOHMIITBA BHCOKOSIKICHUX 1 BHCOKOMIITHUX
CIUIaBIB y YOPHIH Ta KOJILOPOBOI METAITYPTii.

3rigno 3 IlocranoBoro KaGinety MiHicTpiB
VYkpainu Big 21 mororo 2001 p. Ne163 meramyp-
rifiHI TANPUEMCTBA BITHOCATHCS 10 BHUPOO-
HUITB 3 BOXKUMHU Ta IIKIJUTMBUMU yMOBaMH
npami. Jlo mepeniky HeOe3MEeYHHX YHMHHHKIB
METaJTypPrifHOTO BUPOOHMIITBA BiTHECEHO Pi3HI
rasu, napu Ta BUPOOHUYMI MU, IKUH Y CBOEMY
CKJIaJl MICTUTh 3Ba)KEHI YaCTMHKH Pi3HOTO PO3-
Mipy Ta XiMIYHOTO CKJIaay 3aJeKHO BiJ TEXHO-
norig”oro mporuecy [1].
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Introduction. The metallurgical industry,
despite being under the difficult conditions
of the full-scale war in Ukraine, remains one
of the leading branches of the national econ-
omy. The metallurgical complex includes
ferroalloy plants, among them the Nikopol
Ferroalloy Plant, which produces more than
11% of the world volume of ferroalloys, and
is the largest enterprise in Europe. The main
products of the plant are iron and manganese
alloys (ferromanganese, ferrosilicoman-
ganese), necessary alloying elements for the
production of high-quality and high-strength
alloys in ferrous and non-ferrous metallurgy.

According to Resolution No. 163 of the
Cabinet of Ministers of Ukraine, of February
21, 2001, metallurgical enterprises are con-
sidered industries with difficult and harmful
working conditions. The list of dangerous
factors of metallurgical production includes
various gases, vapours and industrial dust,
which contains suspended particles of differ-
ent sizes and chemical composition depend-
ing on the technological process [1].
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VY monepeaHix HALIMX JOCITIKSHHAX MOKa-
3aHO, IO B MpOIeCi poOOTH METaITypriiHOTO
KOMOIHATy B MOBITPsl p0OOUOT 30HU OCHOBHHX
1exiB (armomMepariii, JOMEHHUH Ta MapTCHIB-
ChKHW) BHUAUIAIOTBCS IPiOHOMUCIIEPCHI dYac-
TiuHKH po3Mmipom 10 mxm (PM10), 4 Mkm
(PM4) ta 10-205 M. Cepen XiMIYHHX pedo-
BHH, [0 BW3HAYEHI B IMOBITPI poOOYOi 30HH
arIoMepaTHUKiB, OylW OKCHIW MapraHIlo Ta
3a1i3a B KOHLEHTPALIi, ska MepeBHIlyBala
IMKy 4 i3 pasu. Y HOBlTpl pobouoi 30HU
TOPHOBOTO JIOMCHHOI el BU3HAYCHO KOHIICH-
Tpauii OKCHJIIB MapraHIlio Ta 3aji3a, 10 mepe-
BUII[yBaJIW HOPMATWUBHI 3HAYCHHS BABIYi. Y
poOouiii 30HI CTaneBapiB MapTEHIBCHKOI IMmedi
Ta IXHIX MAPYYHUX 3a(iKCOBAHO BMICT OKCH-
JIiB MapraHIllo Ta 3aji3a, SKi MMepeBUILYBaIN
I'/IK mpubnuzHo y 2 pasu [2-4].

3a JaHUMH aBTOpiB [5, 6], Ha (epocmiaB-
HUX IIIIPHEMCTBAX y HOBlTpl po6oY0i 30HH B
CKJIaji aepo30Ii0 KOHICHCALli MPUCYTHI yiIb-
TpaauCIepCHI YaCTUHKM 3alli3a Ta MapraHiio,
K1 BIAIrparoOTh MPOBIAHY poJib Yy hOpMyBaHHI
3aXBOPIOBAHOCTI MPaIliBHUKIB.

Ak Bimomo, wMetamm 3amizo (Fe) 1
Maprauens (Mn) Hanexars 10 MiKpoeneMeH-
TiB, AIKi € JKUTTEBO HEOOXIIHMMH 1 MPHCYTHI B
OpraHi3Mi JIIOAMHU B HU3bKUX KOHIICHTPALIfX.
Hecrada nmux MiKpOoeJIeMEeHTIB BUKIIMKAE Pi3HI
3aXBOPIOBAHHS, y TOM >K€ Yac, HaJUIMIIKOBA
KUIBKICTh MOXE CHPUYHHATH TOKCUYHUHN
BIUTMB Ta CHPUATH PO3BUTKY PI3HUX MaTOJNO-
riYHUX cTaHiB [7, 8].

Ha cporonmHi BcTaHOBNEHO, 110 BUCOKI KOH-
nentpauii Fe MoxyTh OyTH HeOe3neuHIMHU A1
30pOB'S JTIOAMHU. BHaAcmiok XpOHIYHOTO
TePeHACHYCHHS OpraHi3My 3aJli3oM BinOyBa-
€ThCS TMIIBUILCHHS IIBHIKOCTI MPOLIECY Tepe-
KHCHOTO OKHCHEHHS JIMiiB, IO 3yMOBIIOE
TMONIKO/DKCHHS KIITHH. OIHOYACHO 33 BUCOKHX
KOHICHTpALIiif Fe criocTepiraeTbes CTUMYISLILS
CHHTE3y KoJlareHy KJIITHMHAMHU TEYiHKH, IO
MPU3BOJHUTH 10 YTBOPEHHS CIIOMYYHOT TKAHUHU
Ta ¢dopmyBaHHS (iOpo3y. Tak, BCTaHOBICHO,
0 Y XBOPUX Ha TreMoXpomaro3 (TeHeTHYHe
3aXBOPIOBAHHA, TOB’S3aHE 3 HAKOMUYEHHSIM
3amiza B opranizmi) (iOpo3 NpU3BOIUTH [0
TSDKKOTO ypaxkeHHs niedinku [7, 9, 10].

Hapnumkose HakonmueHHst Mn B oprasi3mi
MO3HAYAETHCS, Y MEPIy Yepry, Ha (QyHKIIOHY-
BaHHI IEHTPaJbHOI HEPBOBOI CHCTEMHU Ta
nedinku [8]. B oci0, ski 3a3HaBanM BIUIUBY
Mn y no3ax, siKi epeBHIyBald HOPMATUBHI
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In our previous studies it was shown that
that during the operation of the metallurgical
plant, fine particles of 10 um (PM10), 4 pm
(PM4 ) and 10-205 nm are released into the air
of the working area of the main production
workshops (sintering, blast furnace and open-
hearth). Among the chemicals identified in the
air of the working area of sintering workshops
were manganese and iron oxides in a concen-
tration that exceeded the TLV by four and
three times. Concentrations of manganese and
iron oxides were determined in the air of the
working zone of the blast furnace workshops,
which exceeded the normative values twice. In
the working area of the open-hearth work-
shops’ steelworkers and their assistants, the
content of manganese and iron oxides was
determined to be approximately 2 times higher
than the TVL. [2-4].

According to the authors [5, 6], at ferroal-
loy enterprises, ultrafine particles of iron and
manganese are present in the air of the work-
ing area as part of the condensation aerosol,
which play a leading role in the formation of
employee morbidity.

It is well known that the metals, Iron (Fe)
and Manganese (Mn), belong to microelements
that are essential for life and are present in the
human body in low concentrations. The lack of
these trace elements causes various diseases, at
the same time; an excess amount can cause
toxic effects and contribute to the development
of various pathological conditions [7, §].

To date, it has been established that high
concentrations of Fe can be dangerous for
human health. Because of chronic oversatura-
tion of the body with iron, the rate of lipid per-
oxidation increases, which causes cell dam-
age. At the same time, at high concentrations
of Fe, the stimulation of collagen synthesis by
liver cells is observed, which leads to the for-
mation of connective tissue and fibrosis. Thus,
it was established that in patients with
hemochromatosis (a genetic disease associated
with the accumulation of iron in the body),
fibrosis leads to severe liver damage [7, 9, 10].

Excessive accumulation of Mn in the body
affects, first of all, the functioning of the cen-
tral nervous system and liver [8]. In persons
who were exposed to Mn in doses that exceed-
ed the normative values, disorders of the nerv-
ous, bronchopulmonary, and immune systems
of the body were observed, as well as the
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3HAYEHHsI, CTIOCTEPIragucs MOpyIeHHs 3 00Ky
HEPBOBOI, OPOHXO-JIETEHEBOI Ta IMyHHOI CHC-
TE€M OpraHi3My, pO3BUTOK MpodeciiiHuX anep-
riynux 3axBoptoBaHb [11]. Bimomo, mio
JIOBrOTPUBAJINI BIUIMB MapraHLEBOrO IHITY
MO’KE€ CIPUYMHUTH PO3BUTOK XPOHIYHOI Jiere-
HEBOI I1aTOJIOT11 — MA@HTAaHOKOH103, SKHI BUHU-
Ka€ yacTilie B poOITHUKIB MapraHLEBUX PY-
HUKIB 200 B 0Ci0, sIKi 3aiiMatOThCS PO3MENIO-
BaHHSIM MapraHIieBoi pyau Ta BUPOOHHUIITBOM
depocmnasis [12].

Bceranosneno, 1mo y ¢epocmiiaBHUX 1exax
KOHILIeHTpanii Mn y mnoBiTpi poOouoi 30HU
konuBaroThes Big 0,3 1o 20,0 mr/m® (TIKp3 —
0,3 mr/M?). ITpu ob6crexxkenni 1400 poOiTHUKIB
y 70 BUABIIEHO TOKCHKO3 MapraHl€BOro reHe-
3y, y 130 — mio3pa Ha inTokcuKariito [13].

[Ipu oGcTexkeHH1 NpaIloIourX Ha IIaBJICHH]
dbepomapraniro B ymoBax nepepuieHHs [JIK
Maprasiio B 50 pa3iB BCTaHOBJIEHO OpraHiuHi
YLIKO/DKEHHS LIEHTPAJIbHOI HEPBOBOI CUCTEMU
Ta BUIAKU OpoHXiabHOT acTMH [ 14].

Jo ckmany depocriaBiB BXOAWTh TaKOX
kpeMHuiit (Cwmimiit (Si1)). HocnimpkeHo, 1o
3araJbHOTOKCHYHA [l Maibke BCiX HOro cro-
JYyK € HE3HAYHOW0. BIIbUIICTh HEraTMBHUX
e(ekTiB CTOCYy€eThCS HacamIiepe] JIETEHIB,
30KpeMa TaKOro 3aXBOPIOBAHHS SIK CHIIIKO3.
Ha TOKCHMYHICTH OKCHJIB CHIIIIIO 1CTOTHO
BILJIMBA€E MPUCYTHICTh Yy CKJIAJll My METaJiB
Ta IXHIX OKCHJIB, 30KpeMa 3aJii3a, MapraHiio,
BaHAJl10, MUIII'SIKY, MiJ1, OEpUIIIIO Ta HIKEIO.
KoMOinyBaHHS CHITIIIIO 3 OKCHJIAaMU LIUX €Je-
MEHTIB HIPHUCKOPIOE PO3BUTOK CHIIIKO3Y Ta
301IbIIIY€E PU3UK BUHUKHEHHS HOBOYTBOPEHBb
y JIeTeHsX, 30KpemMa 3 OKCHUJaMHu 3aji3a B
Mmetanypris [15, 16].

B excniepuMeHTi TOCIHIKEHO, 110 TIPU BIU-
XaHH1 TIITY (PepOoCHITIKOMapraHiio (KOHIEHTpa-
uist 70-150 mr/m® mpotsirom 1 roz. Ha 700y npo-
TroM 4 MICSIIB) y OUIMX LIypiB CHOCTEpIiraiu
3MIHM PYXOBOI XpOHAKcii M’sI31B, 3HaUHE CXY/-
HeHHA. [Ipu po3THHI — y JIereHsiX BUSIBIECHO
XPOHIYHE IHTEPCTULIAJIbHE 3alaJIeHHsI 3 TOTOB-
HICHHSM aJIbBEOJIIPHUX MEPETUHOK Ta KJIITHH-
HOIO TH(UIBTPAILII€I0 HABKOJIO CyIWH 1 OPOHXIB;
y TOJIOBHOMY MO3KY — HaOpsIKaHHS TaHIIIO3HUX
KJITHH, JII3UC TUTPOIAHOI CyOCTaHIIii, BaKyoi-
3amis ab0 3MOPIINEHHS KIITUH; Y TEUiHIl —
nomipHa >kupoBa iH}uIsTpauis [16].

HasiBHI B niTeparypi JaHl LIOJO BIUIUBY
depomapranio Ta (HepocHIiKOMapraHiio Ha
OpraHi3M MaJlOuHCeNIbHI. 3 ypaxyBaHHSIM
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development of occupational allergic diseases
[11]. It is known that long-term exposure to
manganese dust can cause the development of
chronic lung pathology — manganoconiosis,
which occurs more often in workers of man-
ganese mines or in persons engaged in the
grinding of manganese ore and the production
of ferroalloys [12].

It has been established that in ferroalloy
workshops, the concentration of Mn in the air of
the working area varies from 0.3 to 20.0 mg/m’
(TLV for working area — 0.3 mg/m’). During
the examination of 1,400 workers, seventy of
them were found to have manganese toxicity,
and one hundred and thirty were suspected of
having intoxication [13].

During the examination of workers, work-
ing on the melting of ferromanganese in con-
ditions where the manganese TVL exceeded
by 50 times, organic damage to the central
nervous system and cases of bronchial asthma
were found [14].

Ferroalloys also include silicon (Silicium
(Si)). It has been researched that the general
toxic effect of almost all of its compounds is
insignificant. Most of the negative effects con-
cern primarily the lungs, in particular a dis-
ease such as silicosis. The toxicity of silicon
oxides is significantly affected by the presence
of metals and their oxides in the dust, in par-
ticular iron, manganese, vanadium, arsenic,
copper, beryllium and nickel. The combina-
tion of silicon with oxides of these elements
accelerates the development of silicosis and
increases the risk of neoplasm development in
lungs, in particular the combination with iron
oxides in metallurgists [15, 16].

The experiment showed that under the
inhalation of ferrosilicomanganese dust (con-
centration of 70-150 mg/m’® for 1 hour per day
for 4 months); changes in motor chronaxie of
muscles and significant weight loss were
observed in white rats. At autopsy, chronic
interstitial inflammation with thickening of
alveolar membranes and cellular infiltration
around vessels and bronchi were revealed in
the lungs; in the brain — swelling of ganglion
cells, lysis of the tigroid substance, vacuoliza-
tion or shrinkage of cells; moderate fatty infil-
tration in the liver [16].

There are few data available in the litera-
ture on the effect of ferromanganese and fer-
rosilicomanganese on the body. Taking into
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3a3HAuEHOr0, MUTAHHS BIUIMBY MOPOIIKIB LIUX
depocruiaBiB Ha OpraHi3M MpaIiBHUKIB MeTa-
JypriiiHuX BUPOOHUIITB 3AITUIIAETHCS MAJIO BHB-
YCHHM Ta MOTPEOy€ MPOBEICHHS KOMILICKCHHX
TOKCHKOJIOTO-TITIEHIYHUX TOCIIIKEHb.

Mera. JlocmigkeHHS TOKCHUYHOI il
MOPOMIKIB (epoMaprasiro Ta (epocumiko-
MapraHIill0 Ha OPraHi3M MIypiB TICJSI OIHO-
KpaTHOTO I1HTpaTpaxeaJlbHOTO BBEICHHS B
JTUHAMII eKCcIiepuMeHTy (depe3 | TkaeHs, |
1 3 micsri).

Marepiaiu Ta metoau. O6'€eKTOM TOCITII-
KeHHsT Oynu Mopoukd (epoMapranuim Ta
depocutikomaprasio (BUpoOHuK Hikormoss-
ChKHH 3aBOJ] (hepocIUIaBiB, YKpaiHa).

depomapranenp — CIJIaB MapraHiio Ta
3amiza. XIMIYHUH CKJIaJ: OKCHJ MAapraHIlo
(65 %), oxcupa 3amiza (35 %). CtpykrypHa dop-
MyJaa — FeMn7C3, MOJIEKYNIIpHA Maca — 4717,
arperaTHI/H/I CTaH TBEPIHH, HE POZIMHSAETECS Y
BOJII if JKMPAX, arperaTHuii CTaHy MOBITPI —
CyCreH30BaHi TBEpAi YacTHHKH. IIpoxykT,
IO YTBOPIOKOTECS NPU TEPMOACCTPYKIIi -
OKCHJIM 3aJTi3a 1 OKcuau Maprasio [15].

depocunikomapraselp — CIjiaB, OCHOBHH-
MU CKJIQJIOBUMH SKOTO € 3aJ1i30, KPEeMHIii Ta
Maprasenpb. XiMiYHUHA CKJIa/l: OKCUAN MapraH-
o (65,0 %), 3amiza, (15,0-20,0 %), cuimiro
(15,0-20,0 %). CrpykrypHa ¢opmyna —
Mn;SisFeC, monekynspHa maca — 427, arpe-
TaTHUW CTaH — TBEPAWM, arperaTHUM CTaH y
MIOBITPI - CyCIIEHIOBaH1 TBEP/Ii YaCTUHKH [16].

CTpyKTypy HOpOMIKiB (hepoMaprasiio Ta
(bepocuITikoMapraHIIo z[ocnizplceHo METOIOM
pacTpoBoi eHeKTPOHHOI mikpockorii (PEM)
3a goromororo Mikpockorna CamScan 4D [17].
Jlns BU3HAYEHHS EINEMEHTHOrO CKJIaay
MOPOMIKIB (epoMaprasiro Ta (epocumiko-
Maprasiil0 BUKOPUCTAHO PEHTTEHOCTIEKTPaIb-
HUW MikpoaHamizatop (mpucrtaBka EDX mo
Mmikpockorma CamScan 4D).

ExcrniepuMeHT BUKOHAHO Ha 72 CTaTreBO3pi-
JIX IypaX-CaMIsX miHii BicTap 13 modartko-
BOI10 Macoto Tina 160—180 r, orpuManux 3 pos-
nriEiKa KHiBChKOro HallioHambHOrO yHiBep-
cutety imeHi Tapaca IlleBuenka. TBapunu
Oynu po3aiieHi Ha 6 AOCTHIAHMX Ta 3 KOH-
TpPOJBHI rpymnu (1Mo 8 TBApWH y KOXHIN), SKi
YTPUMYBAJUCh B YMOBax BiBapil0 IHCTUTYTY
Ha CTaHJIAPTHOMY Xap4OBOMY pallioHi 3 BiJlb-
HUM JIOCTYIIOM JI0 TUTHOI BOIH.

OCHOBHUM IUIXOM HAAXOMKEHHS (epoc-
TUTaBiB Ta IXHIX KOMIIOHEHTIB B OpraHi3M Ipa-
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account the abovementioned, the issue of the
effect of powders of these ferroalloys on the
body of workers of metallurgical industries
remains poorly studied and requires complex
toxicological and hygienic studies.

Aim. Study of the toxic effect of ferroman-
ganese and ferrosilicomanganese powders on
the body of rats after a single intratracheal
administration in the dynamics of the experi-
ment (after one week, one month and three
months).

Materials and Methods. The objects of
the research were ferromanganese and fer-
rosilicomanganese powders (producer —
Nikopol ferroalloy plant, Ukraine).

Ferromanganese is an alloy of manganese
and iron. Chemical composition: manganese
oxide (65 %), iron oxide (35 %). Structural
formula — FeMn,C;, molecular weight —
477, aggregate state — solid, insoluble in
water and fats, aggregate state in air — sus-
pended solid particles. Products formed dur-
ing thermal destruction are iron oxides and
manganese oxides [15].

Ferrosilicomanganese is an alloy whose
main components are iron, silicon and man-
ganese. Chemical composition — oxides of
manganese (65.0 %), iron (15.0-20.0 %), sili-
con (15.0-20.0 %). The structural formula is
Mn;SizFeC, the molecular weight is 427, the
aggregate state — solid, and the aggregate
state in air — suspended solid particles [16].

The structure of ferromanganese and fer-
rosilicomanganese powders was studied by
scanning electron microscopy (SEM) using a
CamScan 4D microscope [17]. An X-ray spec-
tral microanalyser (EDX attachment to the
CamScan 4D microscope) was used to deter-
mine the elemental composition of ferroman-
ganese and ferrosilicomanganese powders.

The experiment was performed on 72 sexu-
ally mature male Wistar rats with an initial
body weight of 160—180 g, obtained from the
nursery of Taras Shevchenko Kyiv National
University. The animals were divided into six
experimental and three control groups (eight
animals each), which were kept in the insti-
tute’s vivarium on a standard diet with free
access to drinking water.

The main route of entry of ferroalloys and
their components into the body of workers in
production  conditions is inhalation.
Intratracheal administration is an analogue of

1
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IIOIOYMX B YMOBax BHUPOOHMIITBA € 1HraJIsALIN-
Hul. [HTparpaxeanbHe BBEICHHS € AHAJIOTOM
IHrasIiiHOro crnocolOy BBEAEHHS INpernapariB
y KIIHIYHIA Ta TOKCHKOJOTIYHINA IPaKTHIIL.
Tomy wie#t crioci® BBeieHHS! 00paHo AJist HaOJu-
JKEHHSI NUIAXY HaJIXOJKEHHS MMOPOILIKIB (epoc-
IUIaBIB JIO OPraHi3My IMpalLOYMX B YMOBax
BHUPOOHMIITBA.

Cycnen3ii nmopouikiB ¢epoMapraHiio Tta
dbepocuilikoMapraiio rotryBajd Ha JUCTH-
JTHOBaHIA BOJII, BBOJUJIM OJAHOKPATHO B Tpa-
xero (IHTparpaxeaibHO) HAPKOTU30BAHUM TiO-
MEHTAJIOM HATPil0 JOCIIHUM Iypam y 1031
50 Mr nopomiky Ha Kr Macu Tija urypa (1/100
LDsg). Y nonepeaHix 10CiKEHHSIX BCTAHOB-
neno, wmo LDs, (mpu nepopaibHOMY
HAJXOPKEHHI, 011 IIypH) /Ui (hepoMaprasiiio
— 5,0 r/kr; LDsy pepocunikomaprauiio > 5,0
r/kr. KOHTponbHUM TBapMHaM aHaJOTIYHO
BBOJIWJIA IUCTUILOBaHy Boay [20].

KpoB 3a0upanu ming wac aekamiTaiii mija
JIETKUM €(pipHUM HApKO30M. YC1 MaHIMyJISILIT 3
TBapUHAMM 31HCHIOBAIM BiAMOBIIHO A0 «Ilo-
JIOKEHHSI MIPO BUKOPUCTAHHS JabOpaTOpHUX
TBapUH y OlOMEAMYHHMX JOCIIKEHHIX» [21]
Ta Oynu cxBajeHi KomiteTom 3 6ioeTuku mnpu
IncturyTi menuumuun npami imeni 0.1, Kyn-
nieBa HarioHanpHOT akajieMii MeTUYHUX HayK
Vkpainu (IIpotokon Ne 1 Bix 16.04.21 p).

VY KpoBi KOHTPOJBHHUX 1 JOCHIHUX LIYpiB
BH3HAYAJIM BMICT 3aJ113a, MAPTaHIIIO Ta CUIIILIIIO
3a JIOTIOMOTOI0 METOJy aTOMHO-€MICIHHOI
CHEKTPOMETPIi 3 1HIYKTUBHO 3B’S13aHOIO IJ1a3-
Moro Ha npuiaal Optima 2100 DV ¢ipmu
Perkin Elmer (CLLA) 3rigHO 3 METOAUYHUMHU
pexoMeHarisimMu [22].

B ycix rpynax mypiB J0CIipPKEHO Ol0XiMiu-
Hl TOKa3HUKU KPOBI: aKTHBHICTb (DEPMEHTIB
ananinaminorpancgepasu (AJIT), acnaprara-
miHotpaHcdepaszu (ACT) ta myxHoi pocdara-
3u (JID), a TakoK YMICT TITFOKO3H, CEYOBOT KHC-
JIOTH, 3araJIbHOTO XOJIECTEPUHY, TPUIITILIEPU/IIB
3a JO0MOMOrol O010XIMIYHOTO aHaii3aropa
“KeyLab” (Itamis) Ta crangapTHUX TeCT-HA0O0-
piB EliTech (BenukoOpuranis). ¥ cuposarii
KpOBI IIIyPiB TaKOX OyJI0 BU3HAYEHO MOKA3HHU-
K1 MeTa0oJ113My 3aJli3a: BMICT 3aJ1i3a, 3arajibHy
3aJ11303B’s13yto4y 37aTHIiCTh cupoBarku (333C)
Ta BIJICOTOK HAaCHYEHHsS 3aJli30M CHPOBATKU
(H3C) 3aranpHoBH3HaHUMHU MeTonamu [23]. Y
KpOB1 KOHTPOJBHHMX 1 JOCHIJHUX TBAapUH
BHU3HAYEHO MOKAa3HUKH HecrenupIyHoro mnpu-
POAHOTO IMYHITETY: (parouuMTapHy aKTUBHICTh
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the inhalation method of drug administration
in clinical and toxicological practice.
Therefore, this method of administration was
chosen to approximate the path of entry of fer-
roalloy powders into the body of workers in
production conditions.

Suspensions of ferromanganese and ferrosil-
icomanganese powders were prepared in dis-
tilled water, injected once into the trachea (intra-
tracheally) of experimental rats anesthetized
with sodium thiopental at a dose of 50 mg of
powder per kg of rat body weight (1/100 LDs).
In previous studies, it was established that the
LDs, (oral intake, white rats) for ferroman-
ganese is 5.0 g/kg; LDs, of ferrosilicoman-
ganese > 5.0 g/kg. Control animals were inject-
ed with distilled water in the same way [20].

Blood was collected during decapitation
under light ether anaesthesia. All manipula-
tions with animals were carried out in accor-
dance with the Regulations on the Use of
Laboratory Animals in Biomedical Research
[21] and were approved by the Bioethics
Committee of the Institute of Occupational
Medicine named after Yu.l. Kundiiev, National
Academy of Medical Sciences of Ukraine
(Protocol Ne 1 of 04.16.21).

The content of iron, manganese and silicon
in the blood of control and experimental rats
was determined using the method of atomic
emission spectrometry with inductively cou-
pled plasma with Optima 2100 DV device
(Perkin Elmer (USA)) according to method-
ological recommendations [22].

In all groups of rats, biochemical indicators
of blood were examined: the activity of the
enzymes alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and alka-
line phosphatase (ALP), as well as the content
of glucose, uric acid, total cholesterol, and
triglycerides using a biochemical analyser
KeyLab (Italy) and standard EliTech test kits
(Great Britain). In the blood serum of rats,
indicators of iron metabolism were also deter-
mined: iron content, total iron-binding capaci-
ty of serum (TIBC) and percentage of serum
iron saturation (TfS) by generally accepted
methods [23]. In the blood of control and
experimental animals, indicators of non-spe-
cific natural immunity were determined: the
phagocytic activity of peripheral blood neu-
trophils (PAN), which included the phagocytic
index (PI, %) — the number of phagocytic
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HelTpodiniB nepudepuyanoi kposi (PAH), sxa
BKItovana garomurapHuii ingexc (DI, %) —
qucio daronutyrounx KiiTaH Ha 100 HeHTpo-
¢iniB 1 darorurapue yucio (DY, ox) — cepen-
HE YHCIO YAaCTUHOK JIATEKCy, MOTTHHYTHUX
OHUM HEUTPO(DIIOM, a TaKOK OAKTEPHUIIUTHY
aKTUBHICTh IIUX KJIITHH 32 YTBOPCHHSIM aKTHB-
HUX (popM kucHio y HCT-recri. PiBeHb nupky-
JIFOFOUHX lMyHHI/IX KOMILICKCIB (HIK) BU3Ha4a-
T B peaKii MpenuITiTarii 3 moJieTUICHIITIKO-
aem (TTIET) M = 6000 (BCOKOMONEKYISIPHUX —
3 3,5 % IIET" 1 HuzpkoMonexynsipaux — 3 7,0 %
[1ET) [24].

CrarucTUUHUI aHaNi3 OTPUMaHUX JaHUX
BUKOHAHO 3 BHUKOPHUCTAHHSAM MPOrpamMu
Microsoft Excel 2007. JIns BCiX MOKa3HHUKIB
PO3PAXOBAHO CEPeIHE apupMeTHIHe, CepeiHe
BIIXUJICHHS, TOXUOKY CEPEHBOrO apugme-
TUYHOTO. BiTMIHHICTh MOKAa3HUKIB peeCTpyBa-
mu 3a t-kputepiem CthromenTa [25].

Pe3ynbrat Ta iX o0roBopeHHsi. 3a pe-
3yJBTATAMI PACTPOBOT ENIEKTPOHHOT MiKpo-
CKOTIii BCTaHOBJICHO CTPYKTYpY MOPOUIKIB
depocmiasis, mo pocnimpkyBanu. [lokaszano,
110 TOPOLIKU (pepoMapraHiio Ta (bepocano-
Maprafifo CKJIaJaloThCs 3 TPaHyll, SKi MalOTh
BHCOKY JHCHEPCHICTh Ta PO3BUHEHY IOBEp-
xHI0. Po3mipu Tpanyn Qepomapraniro Oymu
Bix 10 am 1o 40 uM, a (bepocnanOMapraHufo
MaJId MIKKPUCTANIIYHY IIOPUCTICTH Ta p03MlpH
Bix 40 no 200 ™ (puc.1). Pesynpratu mocmis-
’KEHHSI 03BOJISIIOTH CTBEPXKYBATH, 10 PO3MIp
CTPYKTYPHUX CKJIagoBux (Tpanyn) o000x
MOPOIIIKIB JIS)KUTh Y HAHOPO3MIPHIH JUISHIIL.

Pe3ynbraty BU3HAYEHHS €IEMEHTHOTO CKIIa-

40pm '
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cells per 100 neutrophils and the phagocytic
number (PN, units) — the average number of
latex particles, absorbed by one neutrophil, as
well as the bactericidal activity of these cells
based on the formation of reactive oxygen
species in the NB index test. The level of cir-
culating immune complexes (CICs) was deter-
mined in a precipitation reaction with polyeth-
ylene glycol (PEG) M = 6000 (high molecular
weight — with 3.5 % PEG and low molecular
weight — with 7.0 % PEG ) [24].

Statistical analysis of the obtained data was
performed using the Microsoft Excel 2007
program. The arithmetic mean, average devia-
tion, and error of the arithmetic mean were
calculated for all indicators. The difference in
indicators was registered according to
Student’s t-test criterion [25].

Results and their discussion. According to
the results of scanning electron microscopy, the
structure of the studied ferroalloy powders was
established. It is shown that ferromanganese and
ferrosilicomanganese powders consist of gran-
ules with high dispersion and a developed sur-
face. The sizes of ferromanganese granules were
from 10 nm to 40 nm, and ferrosilicomanganese
had intercrystalline porosity and sizes from 40 to
200 nm (Fig. 1). The results of the study allow
us to state that the size of the structural compo-
nents (granules) of both powders is within the
nanoscale range.

The results of the determination of the ele-
mental composition of the studied ferroman-
ganese and ferrosilicomanganese powders by
the method of atomic emission spectrometry

= S
Spectrum 3

40pm .

Puc.1. Enekrponorpamu mnopoiikis ¢pepomaprasiito (A) Ta Gpepocuitikomaprauiito (B).

Fig. 1. An electronogram of ferromanganese (A) and ferrosilicomanganese (B) powders.
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Jy JTOCIIKYBaHUX MOPOILKIB (hepOMapraHiiro Ta
(hepoCHITIKOMapraHIll0 METOAOM aTOMHO-EMICIi-
HOI CTIEKTPOMETPIi 3 IHYKTUBHO 3B’SI3aHOIO I1J1a3-
Moro Ha npuiaai Optima 2100 DV (Perkin Elmer
(CIIA)) namano B Tabn. 1. Bcranosineno, 1o
MOPOIIOK (pepOMapraHIlO MOPIBHSAHO 3 Pepocuii-
KoMaprasuem MicTuth ouibine Fe (y 2 pa3u) 1 Mn
(na 13,0 %). depocunikomapraseib HOPIBHIHO 3
(dbepomapraniieM MiCTUTh OUIBIIE THIINUX €JIeMEH-
TiB: C (Ha 23,3 %), F (y 2,4 paza), Mg (y 4,4 paza),
Si (B 3,8 paza) 1 Cl (B 5,7 paza) (Tadm. 1).

Opnep>kani JaHi, JO3BOJISIFOTh KOHCTATyBaTH,
10 OCHOBHUMH CKJIJJOBUMH 000X IMOPOUIKIB €
Fe 1 Mn.

Busnauenns Bmicty Fe, Mn ta Si B KpoBi KOH-
TPOJIBHUX 1 JTOCIIAHUX IIYpIB, SIKUM 130JIbOBAHO
OJIHOKpPATHO 1HTpaTpaxeajbHO OYyJIO BBEAECHO
BOJHI cycrieH3ii (hepomMaprasiio ta (hepocuiiko-
Maprasio, rnokasaau HacrynHe. Yepes 1 Tuxk-
JIeHb MICJsl BBEIEHHS (epOMapraHifo B KpOBI
JIOCJIITHUX IIIyPIB BUSHAYEHO TOCTOBIPHE 30111b-
nieHHs koHuenTpauii Mn (na 20,1 %) ta Fe (na
27,3 %). Uepes 1 TuxneHs micist BBEACHHS (pepo-
CHJIIKOMApraHIll0 BCTAHOBJIECHO TUIbKH 301IbIICH-
Hs Fe (na 41,8 %), Toxi sik ymict Mn OyB Ha piBHI
KOHTPOJIbHUX 3HaueHb. KoH1leHTparis Si B KpoBi
JOCHIAHUX IIYPiB Yy 1€ Mepiosl CroCTepeKeHb

INDUSTRIAL TOXICOLOGY

with inductively coupled plasma with the
Optima 2100 DV device (Perkin Elmer
(USA)) are given in Table 1. It was estab-
lished that ferromanganese powder compared
to ferrosilicomanganese contains more Fe (by
2 times) and Mn (by 13.0%). Compared to
ferromanganese, ferrosilicomanganese con-
tains more other elements: C (by 23.3 %),
F (by 2.4 times), Mg (by 4.4 times), Si (by
3.8 times) and CI (by 5.7 times) (Table 1).

The obtained data allow us to state that
the main components of both powders are Fe
and Mn.

Determination of the content of Fe, Mn
and Si in the blood of control and experimen-
tal rats after isolated single intratracheal
administration of aqueous suspensions of fer-
romanganese and ferrosilicomanganese
showed the following. One week after the
administration of ferromanganese in the
blood of experimental rats, a significant
increase in the concentration of Mn (by
20.1 %) and Fe (by 27.3 %) was determined.
One week after the administration of ferrosil-
icomanganese, only an increase in Fe (by
41.8 %) was found, while the Mn content
was at the level of control values. The con-

Tabmums 1

EnemenTHuii ckiaan nopomkis ¢pepomaprannio ta pepocuiaikomapranno (M £ m)

Table 1

Elemental composition of ferromanganese and ferrosilicomanganese powders (M m)

Ximiunnii esement, % / ®epomapranens / ®epocuitikomaprasens /
Chemical element, % Ferromanganese Ferrosilicomanganese

C 18,65 +2,31 23,0 +£4,83*

O 35,83 +£4,72%* 30,10 £ 5,20

F 0,62 + 0,043 1,51 £ 0,043*

Mg 0,23 + 0,027 1,02 + 0,084*

Si 2,74 + 0,49 10,51 +2,23*

P 0,50 + 0,05 0,32 + 0,04

Cl 0,27 +£ 0,02 1,54 £ 0,02*

Ca 12,38 £2,25 10,17 £ 2,18

Mn 29,93 £ 6,29 26,35 £4,85

Fe 5,56 £0,923* 2,84 + 0,50

Ilpumimxa: *pisnuys ipoeiona mioc 3paskamu, p < 0,05

Note: *difference is probable between samples, p < 0.05
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HE 3MiHUJAcCsA TMOPIBHSIHO 3 KOHTPOJIbHUMH
nokasHukamu. Yepes | Micsip micias BBeACHHS
nrypam (hepoMapraHilio BU3HAYCHO 301TbIIICHHS
BMiCTy B KpOBi Mn (na 19,7 %) i Fe (na 35,5 %),
TOA1 SIK TMICJSI BBEICHHS (bepoannKOMapraHqu
Y KpOBi JOCTIAHHX LIYpiB MOPIBHAHO 3 KOH-
TPONBHAME BHSBICHO 30LIBIICHHS BMicTy Mn
(ma 27,9 %) a xoHnentpamii Fe i Si He Biapiz-
HAICh BIl KOHTPONBHHMX 3HadeHb. Yepes 3
MICSIIIi ITICIIS OAHOKPATHOTO BBEJCHHSI CYCTICH3i
(hepomapramiio i (pepocHITiKOMAPraHIO0 KOH-
ueHtpauis Mn y KpoBi IIypiB 060X TOCITIIHIX
rpyn 3menmunacs (Ha 33,3 % 1 66,7 % nopiBHs-
HO 3 TMOKa3HUKaMu B KOHTpoaniﬁ rpyIi TBa-
puH, p < 0,05), a xonuenrpamisi Fe B kpoBi
JTOCHITHUX TIypiB 30imbmmnacs (Ha 35,0 % i
19,2 % BignoBigHO) (TabMd. 2).

Oz[epmaHl pe3y/IBTaTH  JOCIIUKCHHS  CBI-
4aTh npo HakonuueHHs Fe B kpoBi 060X goci-
HUX TPyN WIypiB Yy JWHaMIIll EKCIEPHUMEHTY,
TOJI SIK BMicT Mn 30ibIMBCS yepe3 | THKICHD

INDUSTRIAL TOXICOLOGY

centration of Si in the blood of experimental
rats during this period of observation did not
change compared to control indicators. One
month after the administration of ferroman-
ganese to rats, an increase in the content of
Mn (by 19.7 %) and Fe (by 35.5 %) in the
blood was determined; while after the admin-
istration of ferrosilicomanganese in the blood
of the experimental rats compared to the con-
trol, an increase in the content of Mn (by 27,
9 %), and the concentrations of Fe and Si did
not differ from the control values. Three
months after a single administration of a sus-
pension of ferromanganese and ferrosilico-
manganese, the concentration of Mn in the
blood of rats of both experimental groups
decreased (by 33.3 % and 66.7 % compared
to the values in the control group of animals,
p < 0.05), and the concentration of Fe in the
blood experimental rats increased (by 35.0 %
and 19.2 %, respectively) (Table 2).

Tabmuns 2

Ymict Mn, Fe Ta Si B KpoBi KOHTPOJIBHNX i JOCHITHAX HIYPiB MicJIA OTHOKPATHOTO
BBe/leHHs (pepomapranuio Ta ¢pepocuwiikomapranuro (M £ m)

Table 2

The content of Mn, Fe, and Si in the blood of control and experimental rats after
a single administration of ferromanganese and ferrosilicomanganese (M + m)

Tepmin mociny / KonuenTpauis eaemenTis, Mr/a /
The term of the | I'pyna mypis / A group of rats Concentration of elements, mg/l
experiment Mn Fe Si
KorTpoubia (n = 8) / 0,067+0,001 | 1,10£0,12 | 1,63+0,17
control (n =8)
1 THxaeHE / (depomaprasnens (n :_8)/ 0.081 + 0,005* 1,40 + 0,00% 1,65 + 0,09
1 week ferromanganese (n = 8)
(epocuixomapranets (n=8) /| hos 4 0000 | 1.5620,00% | 1,67=0,06
ferrosilicomanganese (n = 8)
KoHTpOIBHA (n = 8) / 0,061 + 0,004 | 1,10+0,004 | 1,69+ 0,02
control (n =8)
1 micsus / ¢depomapranens (n = 8) /
B 0,073 £ 0,002* | 1,49 +0,004* | 1,67 £0,01
1 month ferromanganese (n = 8)
(epocunikomapraneis (n =8) /| 76 1 0002 | 120£001 | 1,740,01
ferrosilicomanganese (n = 8)
KOHTpOIBHA (n = 8) / 0,060 + 0,001 | 1,2040,02 | 1,70+ 0,01
control (n =8)
3 micai / (epomaprasems (n =8) / 0,040 £0,001 | 1,62+0,04* | 1,70+ 0,02
3 months ferromanganese (n = 8)
Gepocinikomapranetts (1 =8) /| 450 4 g gop% | 143 +0,02% | 1,61 +0,01
ferrosilicomanganese (n = 8)
Ilpumimxa: *piznuys ipociona 3 konmponem, p < 0,05

Note: *probable difference with the control is p < 0.05

VKPATHCBKHI )XYPHAJT CYYACHHX TTPOBJIEM TOKCHUKOJIOTTT /
UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 2/2024

81



82

HPOMUCJIOBA TOKCUKOJIOI'TA

miciast BBeAECHHA (epomMaprasiio 1 yepes 1
MICSIIIb MICJsSI BBEACHHSI 000X (hepocCIiaBiB.
Yepes 3 wmicsi micisi BBEIACHHS MOPOIIKIB
depomapranio ta (epocHsiKOMapraHio
BU3HAYEHO 3HIKEHHS BMicTy Mn B KpoBi
000X rpym, IO MOXE BKa3zyBaTh Ha MHOro
BUBEJICHHSI.

Jlo moxa3HUKIB, 110 CBiAYaTh MPO MOPY-
HIeHHsI MeTa0o0JII3MY 3ajli3a B OpraHi3mi, Biji-
HOCSITBCSI: PIBEHb CUPOBATKOBOTO 3aji3a, 3a-
rajibHa 3aj1i303B'A3yl04a 37aTHICTb CHUpPOBAT-
ku (333C) Ta BIJICOTOK HAaCHUYEHHS 3aJ1130M
(% H3C) [8].

JociimkeHo, Mo OJHOKpaTHE 1HTparpa-
XeaJlbHE BBEJICHHS ILIypaM (epoMapratiiro
Ta (epoCHIIIKOMAPTAHII0 CHPUYMHUIO B
KpOBI IIEBH1 OPYILLIEHHS Y MEeTa00I13M1 3ali-
3a (tabm. 3), 1[I0 MOXJIMBO IOB’S3aHO 3
HAJJIMIIKOBUM HAJXO/UKEHHSM LOTO METa-
Jy 10 OpPraHi3My MiIOCIITHUX IIyPIB.

INDUSTRIAL TOXICOLOGY

The obtained results of the study indicate the
accumulation of Fe in the blood of both experi-
mental groups of rats in the dynamics of the
experiment, while the content of Mn increased
one week after the administration of ferroman-
ganese and one month after the administration
of both ferroalloys. Three months after the
administration of ferromanganese and ferrosili-
comanganese powders, a decrease in the con-
tent of Mn in the blood of both groups was
determined, which may indicate its elimination.

Indicators manifesting a violation of iron
metabolism in the body include the level of
serum iron, the total iron-binding capacity of
the serum (TIBC) and the percentage of iron
saturation (TfS, %) [8].

It was determined that a single intratracheal
administration of ferromanganese and ferrosili-
comanganese to rats caused certain disturbances
in the metabolism of iron in the blood (Table 3),

Ta0mung 3

Hoxa3zunku MeTaboi3My 3aJ1i3a B KOHTPOJIBHUX i TOCTITHUX LIyPiB
nicJjis1 BBeleHHs (pepoMapranmio ta ¢pepocuiikomapranmio (M + m)

Table 3

Indicators of iron metabolism in control and experimental rats after
administration of ferromanganese and ferrosilicomanganese (M £ m)

I'pyna mypis, n = 8
Tepmin nociny / Ioxka3zuuku / Term
of the experiment / Indicators Konrpoabna / | ®@epomapranens / [@epocuiaikomapranens /
Control Ferromanganese | Ferrosilicomanganese
Yepes 1 muowcoenwv / After 1 week
3aiizo CHPOBATKH, MKMOJIB/JT / 240+ 14 33,6 + 3.9% 36,2 + 2.8%
Serum iron, pmol /1
333C, mxmons/n / TIBC, pmol /1 83,9+ 44 82,8 +34 74,2 £ 6,3
% H3C, mxmomns/n / TfS, %, pmol /1 30,0£3.,5 45,1 £ 5,5% 49,1 + 3,9%
Yepes 1 micsaywv / After 1 month
3amizo CHPOBATKH, MKMOJIB/T / 276421 36.4 +2.7% 274422
Serum iron, pmol /1
333C, mxmons/n / TIBC, pumol /1 87,8+24 66,8 £ 1,0%* 62,2 +2,0%
% H3C, mxmons/n / TfS, %, pmol /1 38,2+ 3,8 53,4 £ 3,0%* 44,1 £ 1,2+
Yepes 3 micayi / After 3 months
3anizo CHPOBATKY, MKMOJIB/JT / 20,1+ 0.4 20.8 4 2.1 313420
Serum iron, pmol /1
333C, mxmons/n / TIBC, pmol /1 75,4 +3.5 61,4+27+ 46,0 £ 5,1%*
% H3C, mxmons/n / TES, %, umol /1 57,5 +3,1 71,9 £2.7* 75,9 £ 9.4*

Ipumimka: *pisnuys ¢ipociona 3 koumponem —p < 0,05, + —p < 0,1
Note: *probable difference with the control is —p < 0.05; +—p < 0.1
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BcranoBneno, mo piBeHb CHPOBAaTKOBOTO
3aji3a B IIypiB 000X MOCHITHUX TPYI IiABH-
muBcs yepe3 1 TwkaeHs (Ha 40,0 % 1 50,8 %),
gyepe3 | MicAIb TiIBKK 32 BBEIACHHS (bepOMap-
rauio (Ha 32,0 %), TO,I[l SK 4epe3 3 MicsI e
MOKa3HHUK 6yB Ha PIBHI KOHTPOTBHHX 3HAYCHb.
3a71i303B's13y104a 31aTHICTH CHPOBATKH (TpaHC-
epury) depes | THKICH HE BiAPI3HAIACH BiX
KOHTPOJIIO, TOAIL SIK y MOJATbIIOMY i1CTOTHO 3HU-
3usach, 30kpema yepes 1 micsamp — Ha 24,0 % 1
29,2 %, a gyepes 3 micsami — Ha 18,7 % 1 32,0 %
nopiBHSHO 3 KoHTposieM p < 0,05. Bimcotok
HacrueHHs 3ai3oM (% H3C) B 000X mocmiaHux
rpymnax LIypiB 3pOcTaB MPOTATOM €KCIIepHMEH-
Ty, 30Kpema depe3 1 Tmwxaens (Ha 50,3 % 1 63,7
%), uepes 1 MiCHHb (ma 39,8 % 1 15,4 %) Ta
uepes 3 wmicsmi (Ha 25,0 % 1 32,0 %) BiporimHa
pi3HHLA 3 KOHTPOJIEM, p < 0, 05 (tabn. 3). 3a
JAHUMU JITepaTypu BiJICOTOK HACHYEHOTO 3aJli-
30M TpaHc(epHHy 3pOocTae MpU aHEMisX, ypa-
KCHHSAX TIewinku [7, 23].

3a pesynbraramMu O10XIMIYHUX ,I[OCJ'IiI[)KeHB
MPOTATOM EKCIIEPUMEHTY B CHPOBATII JIOCIIA-
HUX MIypiB BHSABICHI BIAXHWJIEHHS aKTUBHOCTI
IHIMKATOPHUX Me4iHKOBUX (epmenTis (AJIT,
ACT, JI®) Bix 3Ha4YeHb Y KOHTpOJIlePI rpymi
(Tabm. 4) UYepe3 1 TwkaeHb Mmicis BBEACHHS
MOPOLIKIB ()epOCIUIaBiB aKTUBHICTh ()EPMEHTIB
AJIT i JI® y cupoBaTii KpoBi IIypiB 000X
JOCITITHUX TPyI Oyna 3HWKEHO (Ticis depo-
Maprasi — Ha 26,4 % 1 27,4 %; depocumiko-
mapraniro — Ha 17,3 % 1 18,0 % BiamoBimHO).
3umxkeHHs aktuBHOCTI ¢epmenty ACT (Ha
18,3 %) BusiBIEHO B LIeH TepMiH €KCIIEpUMEHTY
TiTBKA B CHPOBATLII KPOBI IYpiB, IKMM BBOIMITH
posumH (epocuikomapranimo. Yepes 1 micsup
micyisg BBEIEHHs MOPOIMIKIB 000X (epocruiaBiB
aktuBHICTh (hepmerty AJIT y cupoBarii KpoBi
IIypiB HAOIM3MIACH O KOHTPOJIbHUX MOKA3HU-
KiB, TOmi sIK akTUBHICTh PepmenTiB ACT 1 JID
3anuImanacs CTaOlIbHO 3HMKEHOIO 32 BIUIMBY
depomapranio (Ha 21,4 % 1 20,0 %) ta depo-
cuiikomapranmo (Ha 27,7 % 1 17,6 %). Y toii
e Jac, yepes 3 MICsIIi TSl BBEACHHS ITOPOIII-
KiB, akTuBHICTh (hepmeHty AJIT y cupomarii
KpOBI IIypiB 000X AOCITITHUX TPy i ABUIINIIA-
cs (mal4,7 % i 32,8 % BinmosigHo), a ACT (Ha
26,7 %) — TiAbKW y TBapHH, SKUM BBOAWJIH
depocunikomapranenp. [Ipy mboMy aKTHBHICTh
depmenty JID mOpiBHSIHO 3 KOHTPOJIEM iCTOTHO
He 3MiHMIach (Tabm. 4).

Y cwupoBarmi KpoBi  IIypiB BHU3HAYEHO
HE3HAuHE 3HIDKCHHS KOHIEHTpAIll aabOyMiHy:
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which may be related to the excess intake of
this metal in the body of experimental rats.
It was established that the level of serum
iron in rats of both experimental groups
increased after one week (by 40.0 % and 50.8 %),
after one month only with the administration
of ferromanganese (by 32.0 %), while after
three months this indicator was at the level of
control values. The total iron binding capac-
ity of serum (transferrin) after one week did
not differ from the control; while later, it sig-
nificantly decreased, in particular after one
month — by 24.0 % and 29.2 %, and after
three months — by 18.7 % and 32.0 % com-
pared to the control p < 0.05. The percentage
of iron saturation (TfS, %) in both experi-
mental groups of rats increased during the
experiment, in particular after one week (by
50.3 % and 63.7 %), after one month (by
39.8 % and 15.4 %) and after three months
(by 25.0 % and 32.0 %); probable difference
with the control, p < 0.05 (Table 3).
According to the literature, the percentage of
iron-saturated transferrin increases with
anaemia and liver damage [7, 23].
According to the results of biochemical
studies during the experiment, deviations in
the activity of indicator liver enzymes (ALT,
AST, and ALP) from the values in the control
group were found in the serum of experimen-
tal rats (Table 4). One week after the admin-
istration of ferroalloy powders, the activity
of ALT and ALP enzymes in the blood serum
of rats of both experimental groups was
reduced (after ferromanganese — by 26.4%
and 27.4%; ferrosilicomanganese — by
17.3% and 18.0%, respectively) . A decrease
in the activity of the AST enzyme (by 18.3%)
was detected during this period of the exper-
iment only in the blood serum of rats that
were given ferrosilicomanganese solution.
One month after the administration of pow-
ders of both ferroalloys, the activity of the
ALT enzyme in the blood serum of rats
approached the control values, while the
activity of the AST and ALP enzymes
remained steadily reduced under the influence
of ferromanganese (by 21.4 % and 20.0 %)
and ferrosilicomanganese (by 27.7 % and
17.6 %). At the same time, three months after
the administration of the powders, the activi-
ty of the ALT enzyme in the blood serum of
rats of both experimental groups increased
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Taomunsa 4

BioxiMivyHi NOKa3HMKM CHPOBATKHM KPOBi KOHTPOJILHUX i J0CJHiIHUX IIYpiB
IicJIsi OAHOKPATHOIO BBeJAeHHs (pepomapranuio ta gpepocuiaikomapranuio (M £ m)

Table 4

Biochemical indicators of blood serum of control and experimental rats after
a single administration of ferromanganese and ferrosilicomanganese (M + m)

I'pyna mypis, n = 8
Tepmin gocainy / IlokazHuku / K To o . ;
Term of the experiment / Indicators OHTPOJILHA epoMapraHens epocikomMapranens
Control Ferromanganese | Ferrosilicomanganese
Yepes 1 muoicoens / After 1 week
AJIT, Ol1/n / ALT, units/I 81,9+£2,1 60,3 + 1,5*% 67,7 £ 6,8+
ACT, Ol/n / AST, units/l 204,6 + 11,7 198,9+9,9 167,4 £ 5,8+
JI®, O/n / ALP, units/1 822,1 £47,1 597,0 + 46,3* 673,3 + 21,3+
AnsOymiH, /71 / Albumin, g/l 31,7+ 0,9 27,8 + 1,3+ 242 + 1,1*
CeuoBa KuCi0Ta, MKMOTL/ 1 / 192,1 + 20,0 122,4 + 5,1% 118,1 £ 6,6
Uric acid, pmol /1
I'mroko3a, mxmonw/i / Glucose, pmol /1 8,1+0,6 8,6+0,1 7,6 +0,2
XonecTepuH, MKMOJIB/I /
> + + * +
Cholesterol, umol /1 180, 2,5+0.2 1,6+0,02
Tpurainepuam, Mxmob/ 1 / 0,9 + 0,03 0,9 + 0,04 1,0 0,04
Triglycerides, pmol /1
Yepes 1 micayw / After 1 month
AJIT, O1/n / ALT, units/1 152,4 + 16,6 144,7 + 6,7 135,2 +10,6
ACT, O//n / AST, units/l 333,1 +12,8 261,6 £ 15,2* 240,7 + 24,8%*
JI®, O//n / ALP, units/1 13232+ 80,8 | 1061,8 +77,2%* 1090,3 + 108,0+
Ans0OymiH, /11 / Albumin, g/l 444+ 27 470+ 1,6 30,1 + 3,2%
CeuoBa I.<I/ICJ'I'0Ta, MKMOJIB/T / 00.7 + 4.4 1433 + 6,9% 146.5 + 6,8*
Uric acid, pmol /1
I'mroko3a, mxmosiws/i / Glucose, pmol /1 8,4+0,6 10,2 = 0,5%* 6,7 £0,3*
XonecTepuH, MKMOJIb/J /
+ + +
Cholesterol, umol /1 2,0+£0,03 2,2+0.1 1.7+0,06
Tpurniuepuau, Mkmons/n / Triglycerides, 1.6 4+ 0,05 1.940.1 0.9 = 0,02
umol /1
Yepes 3 micayi / After 3 months
AJIT, O[1/n / ALT, units/I 150,2 +4,3 157,6 = 1,7+ 166,7 + 6,8%*
ACT, Ol/n / AST, units/l 2952 + 12,3%* 181,2+4,4 247,7 +10,8*
JI®, O1/n / ALP, units/1 1322,4 + 4,0 1280,6 £ 12,7+ 1348,5 + 22,7
Ans0ymiH, /11 / Albumin, g/l 37,0+t 1,5 34,3 £0,8 37,1 £2.8
Ce0ba KHCIOTa, MKMOIL/ / 1636+ 68 | 2009+ 11.2* 220,1 % 7,1*
Uric acid, pmol /1
I'mroxo3a, mxmonw/i / Glucose, pmol /1 8,3+0,2 4,5+0,1* 3,7+0,1%
XonecTepuH, MKMOJIB/J /
’ + + +0,1*
Cholesterol, pumol /1 14+0,07 1,3+0,07 2,6+0,1
Tpurninepua, MxmoIs/ 1 / 0,8 + 0,01 0,5 + 0,02 0,6 + 0,03
Triglycerides, pmol /1

Ilpumimka: *pisnuys éipociona 3 koumponem —p < 0,05, + —p < 0,1
Note: *probable difference with the control is —p < 0.05; +—p < 0.1
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y LIypiB, SKMM BBOIWIN (epoMapraHen (Ha
12,3 % uepe3 | TuxneHs), a (bepOCI/ImKOMap-
ranenp (Ha 23,7 % — uepes 1 THKICHB 1 Ha
32,2 % — ugepe3 1 micsip). OCKUTBKH MicIIeM
CUHTE3y albOyMiHy € KJIITHHU MapeHXIMH
MEYiHKHY, [1€é MOXKE BKa3yBaTW Ha MOPYIIEHHS
z[aHo'l' (byHKui'l' Ta Ti Bi,I[HOBJ'IeHHH gyepe3 3
MICSIIi, OCKLTBKH B Ligii MepioJl CIIOCTEPEeKEeH-
HS BMICT anmpOymiHy B CHpPOBATLi KpOBI
JOCHIAHUX TPyH TBapuH OyB Ha DIBHI KOH-
TPOJBbHUX 3HAYCHD.

BaxnuBuMm 111 pO3yMiHHS  CTYIEHS
TMOIIKO/KCHHSI KIIITUH BHyTpiHJHiX OpraHiB €
KOHIICHTPALIisl B CHPOBATLI KPOBi CEIOBO KHC-
JIOTH — KIHIIEBOTO MPOIYKTY METabO0i3My ami-
HOKHUCIOT Ta a30THCTOrO0 MeTabomi3my.
3a3BUyail ceyoBa KHUCIOTAa YTBOPIOETHCS B
TMIEYiHIll Yepe3 pyWHyBaHHS Ta OOMiH OTpyH-
HUX TMOOIYHMX TPOAYKTIB, SKi HA3UBAIOTHCS
nypuHamu. [loTiM BoHa BHAIISAETHCA uepe3
HUPKH Ta BUBOAUTHCS 3 OpraHi3Mmy i3 ceuero.
[TigBuIIEHNI BMICT CEYOBOT KUCIOTU B CHPO-
BaTIli KPOBI BBa)KalOTh IMaTOTHOMOHIYHOIO
O3HAKOI0 HAsSBHOCTI 3aMalIbHOTO MPOIECy
HABKOJIO BIIMEPJIMX Y TKAaHUHI KJIITHH (HEKPO3
KJIITHH TICYiHKH, MiOKapja, JIETeHb, HUPOK Ta
IHIIIMX OpPTaHiB) Ta MOXKE CBITYHUTH IIPO MOPY-
meHHs QYHKIIT HUpoK [23].

Ha mouarky excriepumenty (depes 1 Tuk-
JeHb) TMicJs 1HTpaTpaxeaJbHOro BBEICHHS
nrypaMm (¢epomaprasiio Ta ¢epocuiikoMap-
TaHIl0 KOHIIEHTpAIlis CEeYOBOi KHUCJIOTH B
CHUpOBATIIl KpOBi 000X AOCIITHUX Tpyn Oyra
HUOKYOI0 32 KOHTPOJBHI IOKa3HUKU (Ha
363%1385%,p<005) IﬂIepe31Ta3M1c;{-
Ll TC/Is BBEICHHS MOPOIIKIB KOHICHTPALILs
CEYOBOI KHCIIOTH HaBMakd Oynaa TOCTOBIPHO
nigBuieHor (Ha 57,9 % 1 61,5 % ta 22,8 % 1
34,5 %, p < 0,05 mopiBHSHO 3 KOHTPOJIEM)
(tabn. 4). OTxe, MOXXKHA TMPUITYCTHTH, IO
MOpOMKH (epOCIIaBiB YMHHUIU TOMipHHMA
MOILIKO/KYIOUHMI BIUTUB Ha KIITUHU TEYiHKU
Ta HAPOK JOCIITHUX IIypPiB.

JlociKeHHsT BMICTY TUTIFOKO3U B CHPOBATITI
KPOBI IIypiB MPOTATOM €KCIIEPUMEHTY BHUSBH-
JIO JOCTOBipHE ii 3MEHIIEHHS TOPIBHSHO 3
KOHTPOJILHOIO TPYIIOI0 4epe3 3 MIcCsIll Mics
BBEJICHHS 000X mopomiKiB (Ha 45,8 % 1 55,4 %,
p < 0,05). o crocyernes MOKa3HUKIB niniz[-
HOTO OOMiHY, TO B HIYpiB 000X IOCIITHHX
TPYI YMICT XONCCTEPUHY Ta TPHUIIMILEPHIIB Y
CUpPOBATIi KpOBI ICTOTHO HE 3MIiHIOBaBCS
gyepe3 | TwxaeHb 1 1 MiCsIb TICIS BBEACHHS

INDUSTRIAL TOXICOLOGY
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(by 14.7 % and 32.8 %, respectively) and AST
(by 26.7 %) — only in animals, which
received ferrosilicomanganese. At the same
time, the activity of the ALP enzyme did not
change significantly compared to the control
(Table 4).

In the blood serum of rats, a slight decrease
in the concentration of albumin was deter-
mined — in rats injected with ferromanganese
by 12.3 % after one week, and with ferrosili-
comanganese by 23.7 % — after one week and
by 32.2 % — after one month. Since the site of
albumin synthesis is the cells of the liver
parenchyma, this may indicate a violation of
this function and its recovery after three
months, since during this observation period
the albumin content in the blood serum of the
experimental groups of animals was at the
level of control values.

Important for the assessment of the degree
of damage to the cells of internal organs is the
concentration of uric acid in the blood serum
— the end product of amino acid metabolism
and nitrogenous metabolism. Normally, uric
acid is produced in the liver through the break-
down and metabolism of toxic by-products
called purines. Then it is excreted through the
kidneys and excreted from the body with
urine. An increased content of uric acid in the
blood serum is considered a pathognomonic
sign of the presence of an inflammatory
process around dead cells in the tissue (necro-
sis of cells of the liver, myocardium, lungs,
kidneys, and other organs) and may indicate
impaired kidney function [23].

At the beginning of the experiment (after
one week), after intratracheal administration
of ferromanganese and ferrosilicomanganese
to rats, the concentration of uric acid in the
blood serum of both experimental groups was
lower than the control values (by 36.3 % and
38.5 %, p < 0.05). One month and three
months after the administration of the pow-
ders, the concentration of uric acid, on the con-
trary, was significantly increased (by 57.9 %
and 61.5 % and 22.8 % and 34.5 %, p < 0.05
compared to the control) (Table 4). Therefore,
it can be assumed that the ferroalloy powders
had a moderate damaging effect on the liver
and kidney cells of experimental rats.

The study of the glucose content in the
blood serum of rats during the experiment
revealed a significant decrease in it compared
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nopouikiB. Yepe3 3 wicsii micisi BBEIEHHS
depomapranui Ta ¢GepocHIiKoOMapraHIio
MOPIBHSAHO 3 MOKa3HUKAMU B KOHTPOJIbHIM
rpyni TBapyWH BCTAHOBJICHO TIJABUIICHHS B
CHUpOBATIi KpPOBl1 BMICTY XOJIECTEPUHY (Ha
28,6 % 1 85,7 %) Ta 3MEHIIEHHs TPUIIILEpH-
niB (Ha 37,5 % 1 25,0 %, p < 0,05 nopiBHSHO 3
KOHTpoJieM) (Talun. 4).

TakumM 4YMHOM, OfepKaHl pe3yiabTaTu
IOCIIDKEHHS 010XIMIYHUX ITOKA3HUKIB 103BO-
JISFOTh CTBEP/KYBATH 1110JI0 HASIBHOTO MOMIp-
HOTO TOKCHYHOTO BIUIMBY (PEpOMaprasiiio Ta
dbepoculikoMapraHil0 Ha OpraHi3M IIypiB
BIIPOJIOBXK 3 MICSIIIB MICJS IXHROTO OJTHOKPAT-
HOTO 1HTpaTpaxeajlbHOrO BBEACHHS B /1031
50 Mr/kr macu TUIa, 30KpeMa Ha MEYiHKY
(mopymeHHst MetaboJi3My 3aii3a, JIiJHOTO
00MiHY, 30UIbIIEHHS AKTUBHOCTI BHYTpILI-
HbOKJIIITUHHUX (PepMEeHTIB) Ta NOPYUIECHHS
¢byHK1ii HUPOK (TIBUILECHHS KOHIICHTpAIli
CEYOBOT KHUCIIOTH).

[lig yac eKkcnepuMEeHTY B KOHTPOJBHHX 1
JOCTIAHUX IIypiB BU3HAYAIM TOKA3HUKH, IO
XapaKkTepU3yI0Th CTaH HECHELHU(PIYHOTrO Mpu-
POIHOTO IMYHITETY, 30KpemMa mpouecy ¢aro-
LIUTO3y Ta YTBOPEHHS IMYHHHUX KOMIUIEKCIB.
BcTaHoBieHo, 10 OJHOKpaTHE BBEACHHS
nrypam (epomaprasiio npu3BOAUIIO A0 MpH-
THIY€HHS ()arouuTapHOi aKTUBHOCTI HEUTpO-
1B nepudepuyHoi KpoBl uepe3 1 THKAECHD
(®I - na 21,0 %, 1 ®Y — na 53,2 %) 1 uepes 1
Micsip (@I - va 30,2 %, Y — na 57,7 %)
(p<0,05 mo BIAHOWIEHHIO 1O KOHTPOJIIO.)
Yepe3 3 micai miciasi BBEIEHHS MOPOIIKIB
MOKa3HUKHU (paronuTapHOi aKTUBHOCTI HEWT-
podu1iB KpOBI B AOCHIIHUX HIypiB HaOIU3U-
JIUCH 10 KOHTPOJIbHUX 3HAa4eHb (Tal. 5).

[lig yac eKcnepuMEeHTY B KOHTPOJBHHX 1
JOCTIAHUX IIYypiB CIOCTEPITaii MOKA3HUKH,
[0 XapaKTepU3ylTh CTaH Hecnenu(iqyHoro
IPUPOJHOTO IMYHITETY, 30KpeMa Mpolecy
(daronuTo3y Ta yTBOPEHHS IMyHHUX KOMILICK-
ciB. BcraHoBneHo, 110 OHOKpaTHE BBEACHHS
nrypam (epomaprasiio mpu3BOAUIIO A0 MpH-
THIY€HHS ()arouuTapHOi aKTUBHOCTI HEUTpO-
1B nepudepuyHoi KpoBl uepe3 1 THxKAECHDb
(®I na 21,0 % 11 ®Y 53,2 %) Ta uepes 1
micsup (Pl nva 30,2 % 1 dY 57,7 %), (p <0,05
0 B1IHOIIEHHIO /10 KOHTPOII0). Yepes 3 mics-
Il MICJs BBEACHHS IMOPONIKIB IMOKAa3HUKH
(daronuTapHOi aKTUBHOCTI HEUTPO(1IiB KPOBI
B JIOCHIJIHUX IIypiB HAOIM3WINCH IO KOH-
TPOJBHUX 3HAYeHb (Tab. 5).
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to the control group three months after the
administration of both powders (by 45.8 %
and 55.4 %, p < 0.05). As for the indicators of
lipid metabolism, the cholesterol and triglyc-
eride content in blood serum did not change
significantly in rats of both experimental
groups one week and one month after the
administration of the powders. Three months
after the administration of ferromanganese and
ferrosilicomanganese, compared to the indica-
tors in the control group of animals, an
increase in serum cholesterol (by 28.6% and
85.7 %) and a decrease in triglycerides (by
37.5 % and 25.0 %, p < 0.05 compared to the
control) were established (Table 4).

Thus, the obtained results of the study of
biochemical indicators allow us to state that
there is a moderate toxic effect of ferroman-
ganese and ferrosilicomanganese on the body
of rats within three months after their single
intratracheal administration at a dose of
50 mg/kg of body weight, in particular on the
liver (impairment of iron metabolism, lipid
metabolism, increase in activity of intracellu-
lar enzymes) and impaired kidney function
(increased uric acid concentration).

During the experiment, indicators charac-
terizing the state of nonspecific natural immu-
nity, including the process of phagocytosis and
the formation of immune complexes, were
determined in control and experimental rats. It
was established that a single administration of
ferromanganese to rats led to suppression of
the phagocytic activity of peripheral blood
neutrophils after one week (PI — by 21.0 %,
and PN — by 53.2 %) and after one month (PI
— by 30.2 %, PN — by 57.7 %) (p < 0.05 in
relation to the control.) Three months after the
administration of the powders, the indicators
of the phagocytic activity of blood neutrophils
in experimental rats approached the control
values (Table 5).

It was studied that the administration of fer-
rosilicomanganese to rats also caused a
decrease in the absorptive activity of neu-
trophils in all periods of observation, namely,
after one week (PI — by 44.6 % and PN —
by 53.2 %); after one month (PI — by 35.7 %,
PN — by 52.7 %); after three months (PI —
by 26.6 % and PN — by 31.2 %), (p < 0.05 in
relation to indicators in the control group). The
bactericidal ability of blood neutrophils of
experimental groups of rats according to the
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Tabmumg 5
IHoka3Hnku HecnenM(PiYHOTO MPUPOIHOTO IMYHITETY B KOHTPOJIbHHUX i J0CTITHUX IYpPiB

MiCJIs1 OIHOKPATHOIO BBeleHHs (pepoMapraniio ta ¢pepocuiaikomapranmio (M + m)

Table 5

Indicators of nonspecific natural immunity in control and experimental rats after

a single administration of ferromanganese and Ferro silicomanganese (M + m)

I'pyna mypis, n = 8
Tepmin gocainy / IlokazHuku /
Term of the experiment / Indicators Kontposnna /| ®epomapranens / (@epocuiiikomapranens /
Control Ferromanganese | Ferrosilicomanganese
Yepesz 1 muxcoens / After 1 week
@I, % / PL, % 23,0+ 1,53 16,33 + 1,20* 12,75 + 1,50*
®Y (ma 100 ki) / PN (per 100 cl.) 3,20+ 0,31 1,50 £ 0,06* 1,50 £ 0,06*
HCT cnonr., % / NB index, spont., % | 13,00 + 1,29 18,50 + 1,55* 16,25 + 1,31*
HCT ctum.,% / NB index, stim., % 16,50 = 1,19 15,25+ 1,03 14,50 + 1,32
LK sue.won., oxont r. /CICs, high 1 15, 0002 | 0,034 + 0,001* 0,066 + 0,006 *
molecular, ODU.
HIK HH3k.MOI1., omg.onT T. / CICs, low 0.036 + 0,004 0.103 + 0,009% 0.144 + 0,008*
molecular, ODU.

Yepes 1 micays / After 1 month

@I, % / PI, % 21,0£0,58 | 14,67+ 0,67 13,50 + 0,96*
@Y (na 100 k1) / PN (per 100 cl) | 3,31+0,29 1,40 £ 0,06* 1,58 + 0,09
HCT cnomr,, % / NB index, spont., % | 13,50 0,96 | 17,00 = 1,29% 20,75 + 1,38*
HCT crum.,% / NB index, stim., % | 19,00+ 1,29 | 14,50 £ 0,65* 16,00 + 0,71*
LUK pc.yox., on.ont 1. / CICs, high 1 6 0794 0,004 | 0,059 + 0,012* 0,071 0,003 *
molecular, ODU.
HIK ausk.mom., ox.onr 1. / CICs, low 0.050 + 0,005 0.155 + 0,021*
molecular, ODU.

0,156 £ 0,009*

Yepes 3 micayi / After 3 months

@I, % / PI, % 21,33 +£2,03 2225 +2.,66 15,67 = 1,86*
®Y (ma 100 ki) / PN (per 100 cl.) 2,20 +0,31 2,18 £ 0,20 1,50 £ 0,06*
HCT cmont., % / NB index, spont., % 14,50 £ 0,90 20,50 + 0,65* 20,60 + 1,32*
HCT ctum.,% / NB index, stim., % 17,75 £ 1,03 15,50 + 0,66 16,25 + 0,85
WK suc.mon., ononr r. / CICs, high | 114 6004 | 0,031  0,008* 0,022 + 0,004*
molecular, ODU.
HIK Hm3k.Moi1., og.onT T. / CICs, low 0,030 + 0,005 0.061 + 0,007
molecular, ODU.

0,075 + 0,006*

IHpumimka: *pisnuys ipociona 3 koumponem —p < 0,05, + —p < 0,1
Note: *probable difference with the control is —p < 0.05; + —p < 0.1
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JocnikeHo, 1o BBeIeHHS 1rypaM Ghepocurti-
KOMApraHUl0 TaKOXX BHUKJIMKAJIO 3HUKEHHS
MOIIMHAJIBHOI aKTMBHOCTI HEUTPOQUIIB y BCIX
TEpMIHAX CIIOCTEPEKEHHsI, a caMe, uepe3 1 Tix-
neHb (Ol — Ha 44,6 % 1 Y — Ha 53,2%); uepes
1 micsis (DI — nHa 35,7 %, @I — Ha 52,7 %); yepes
3 micsii (Pl —na 26,6 % 1 PY - 31,2 %), (p <0,05
M0 BIJIHOIIEHHIO J0 MOKA3HUKIB y KOHTPOJbHIN
prHl) BaKTCpI/II_II/IIIHa 3IaTHICTh HEUTPODLIIB
KpOB1 JIOCHIAHUX TPYH IIypIB 3a MOKa3HUKaAMHU
HCT-tecty CHOHTaHHOTO CYTTEBO 30LIbIIYBa-
nach. Tak, micisi BBEICHHS (epoMapraHIlio
BU3Ha4YeHO miaBuIeHHs 3HaueHHs HCT-tecty
cnoHTaHHoro (4yepe3 1 TwxnaeHb — Ha 42,3 %, 1
Micsiib — Ha 25,9 % 1 yepes 3 micsui — Ha 41,4 %,
p < 0,05 mopiBHSAHO 3 KOHTPOJIBHOIO IPYNOI0). Y
TpyIi TBAPHH, SIKUM BBOAMIIH (hepoCHTiKoMapra-
Herb, HCT-TecT cioHTaHHMiA TakoK OyB ITiIBUIIIE-
HuM (dyepe3 1 Twkaenb — Ha 25,0 %, 1 micsip —
Ha 53,7 % 1 uepes 3 micsii — Ha 41,4 %, p < 0,05
MOPIBHSHO 3 KOHTPOJIHOIO Ipynoro). Oxepxani
JlaH1 BKa3ylOTh Ha Te, 110 OJIHOKPAaTHE BBEICHHS
nrypam ¢epomaprasiio i GepoCcuiIiKoMapratiio
BUKJIMKAJIO CTUMYJISIIII0 OKCUAATUBHOTO CTPECY
B HeHUTpoduIax 3 YTBOPEHHSM pPEaKTUBHHUX
dbopm kucHio. Bognouac 3nauenns HCT-tecty
CTUMYJILOBAHOTO uepe3 | TwkaeHb 1 3 wmicsil
TiCJIst BBEIEHHS! 000X MOPOIIKIB ICTOTHO HE Bif-
PI3HSUIMCH BIJI KOHTPOJIO, TOMI K uepe3 |
Micsllb OYyJIO JOCTOBIPHO HMXKYMM, HIXK Y KOH-
TPOJBHIN Tpymi HIypiB, IO CBIAYUTH MPO 3HU-
JKEHHsI pe3epBHUX OaKTEPULIMAHUX MOXKIIMBOC-
Telt ¢aronuris (Tadm. 5).

VY cupoBarii KpoBi KOHTPOIEHUX 1 JOCia-
HUX TBAPHMH Oy/I0 BU3HAYCHO BMICT LIMPKYJIHOIO-
YUX IMYHHHUX KOMILIEKCIB (L[IK) HU3BKO — 1
BHCOKOMOJIEKYJISIDHUX, SKHUUA 3MIHIOBABCS B
IUHaMIIl crocTepekeHHs (Tabn. 5). 3okpema
yepe3 | THKIeHb Iicisl BBEICHHS LU1ypam ¢epo-
MapraHio Bu3HaueHo 30utbmieHHs piBHA L{IK
BHUCOKO- 1 HU3BKOMOJEKYISIpHUX y 2 1 2,9 paza
B1IMOBIAHO, p < 0,01 MOPIBHAHO 3 KOHTPOJIEM),
TOJI SIK TICJsI BBEACHHS (hepOCHUITIKOMAPTaHIIO
koHueHTpauis L[IK o6Gox mymiB A0CTOBIpHO
3pocTana MOPIBHAHO 3 JAHMUMH B KOHTPOJIbHIM
rpymi (y 3,9 14 paszu, p <0,01). Yepes 1 micsup
miciast BBEACHHs (epomMapraHiio i Gpepocuitiko-
mapraxifro BMmicT I{IK y kpoBi 060X gocmigHux
rpyn HiypiB 30UIbIIMBCA MOPIBHSAHO 3 KOHTPO-
aeM (BUCOKOMOJIEKYJSIpHUX - y 3 1 1,9 pa3a;
HU3bKOMOJIEKYJISIpHUX — Y 3,612 paszu, p <0,01).
Yepes 3 micsui micist BBeIEHHS (hepoMapraHiio
piBeHb BUcOkoMouekyisapHux L{IK OyB Bummm
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parameters of the spontaneous NB index test
significantly increased. Thus, after the
administration of ferromanganese, an
increase in the value of the spontanecous NB
index test was determined (after one week —
by 42.3 %, after one month — by 25.9 % and
after three months — by 41.4 %, p < 0.05
compared to the control group). In the group
of animals injected with ferrosilicoman-
ganese, the spontaneous NB index test was
also increased (after one week — by 25.0 %,
after one month — by 53.7 % and after three
months — by 41.4 %, p < 0.05 compared to
the control group). The obtained data indi-
cate that a single administration of ferroman-
ganese and ferrosilicomanganese to rats
caused stimulation of oxidative stress in neu-
trophils with the formation of reactive oxy-
gen species. At the same time, the values of
the stimulated NB index test one week and
three months after the administration of both
powders did not differ significantly from the
control, while after one month it was signifi-
cantly lower than in the control group of rats,
which indicates a decrease in the reserve bac-
tericidal capabilities of phagocytes (Table 5).
In the blood serum of control and experi-
mental animals, the content of low- and high-
molecular circulating immune complexes
(CICs) was determined, which changed in
the dynamics of observation (Table 5). In
particular, one week after the administration
of ferromanganese into rats, an increase in
the level of high- and low-molecular-weight
CICs was determined by 2 and 2.9 times,
respectively, p < 0.01 compared to the con-
trol), while after the administration of fer-
rosilicomanganese, the concentration of
CICs of both pools increased significantly
compared to the data in control group (3.9
and 4 times, p < 0.01). One month after the
administration of ferromanganese and fer-
rosilicomanganese, the content of CICs in
the blood of both experimental groups of rats
increased compared to the control (high
molecular weight — 3 and 1.9 times; low
molecular weight — 3.6 and 2 times,
p <0.01). Three months after the administra-
tion of ferromanganese, the level of high
molecular weight CICs was 3.8 times higher
than the control values, and low molecular
weight CICs was 2 times higher than the con-
trol values, p <0.01). In rats, after the admin-
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3a KOHTPOJIbHI 3HaYeHHs B 3,8 pa3a, a [{IK Hu3b-
KOMOJICKYIIAPHHX - 2 pasm, p <0,01).YVY
LuyplB micrns BBC/ICHHS (bepocunikoMapraHio
BMICT BHCOKO- 1 HU3bKOMOJeKyasipaux L[IK y
KPOBI1 TaKOX MEPEBUIILYBaB KOHTPOJIbHI 3HAYEH-
Ha (y 2 1 2,5 paza Bignosigno, p < 0,01). Crin
Bi,Z[SHa‘-II/ITI/I 10 TTOPIBHSIHO 3 TOTEPEIHIM Tep-
MIHOM CIIOCTEPEKCHHS (1 micsp) uepes 3 mics-
i B KpOBi 000X JOCTIAHUX TPYI UIYpiB BMICT
BrucokoMonekysipaux L{IK 3menmmBes y 2 1 3,2
pa3a, a Huzbkomosekysipaux IK y 2,5 i 2,1
pasza, p <0,01) (Tabm. 5).

3a maHUMU JiTEpaTypu 30UIBIIECHHS PIBHIB
I{IK y cupoBatiii KpoBi MOke OyTH HACIIiIKOM
3HIKEHOT (DYHKITIT (aroIuTiB Ta IXHBOI HECTIPO-
MOXXKHOCTI CBO€YaCHO YTHIJII3yBaTH YTBOPEHI
KOMIUIEKCH, 110 ¥ Oyno BCTaHOBJIEHO.
3MEHIIEHHS PIBHA SK BUCOKOMOJICKYISPHHX,
Tak 1 Hu3pKoMonekyapaux L{IK, moxe CBiz[tH/I-
TH PO iXHE AKTHBHE BUBCJCHHS 3 Oprasi3my, a
TaKOX MPO MOXKJIMBE BiJIKJIaJaHHS B TKAHUHAX 1
opranax. JloBeaeHo, 110 MaToreHes ayT01MyH-
HHX 3aXBOPIOBAHb TICHO TIOB'SI3aHUH 13 CHUHTE-
30M ayToaHTI/ITlJ'I 1 HAKOMUYEHHSIM IMYHHHX
KOMITJIEKCIB Y TKaHWHaX [23].

BucHoBku. TakuM 4nHOM, OTpUMaHi pe3yIib-
TaTH TOKCHUKOJOTTYHUX JAOCHIKEHb J03BOJIS-
I0Th 3pOOUTH HACTYITHI BUCHOBKH:

1. JocnimxyBaHi 3pa3kud MOPOIIKIB (epomap-
TaHIIo Ta (PepOCUITIKOMAPTAHIIIO CKIIaJat0Th-
Cs1 3 TpaHyd, SIKi MalOTh BUCOKY AMCIIEPCHICTh
Ta PO3BHHEHY MOBEpXHIO. Po3Mipu rpanyn
000X TIOPOIIKIB JIEKATh Y HaHopOSMipHiﬁ
obmacri (Tpanynu (pepoMapraiiro BlI[ 10 aMm
1o 40 1M, a dpepocuikomapranitto Big 40 J10
200 uMm). Y MOPOIIKY (pepoMapraHiro mopiB-
HSHO 3 (pepocHiTikoMapraniieM BU3HAUYCHO OiTb-
it BMicT Fe (y 2 pas3u) i Mn (1a 13,0 %).
depocuitikomMapraHelb MOPIBHIHO 3 ¢epo-
mapranueM mictus Outbme C (Ha 23,3 %), F
(y 2,4 pasa), Mg (y 4,4 paza), Si (y 3,8 pasa)
ta Cl (y 5,7 paza).

2. O,Z[HOKpaTHe BBEJICHHS IypaM CyCHeHsii
TMOPOIIKIB (hePOCIIIABIB MPH3BEIO 10 361Mb-
menHs BMicTy Fe i Mn y kpoBi pocmignux
mypis. IligBumenuii BMicT  Fe BH3HAYeHO
Tmicisi BBJCHHS ()epOMapraHiio Ta hepoc-
JIKOMapraHiio B yci TepMiHH CIIOCTEPEKEH-
HS, TOl sk Mn — TuTbkH 4yepe3 1 micsip, a
yepe3 3 Micslll — HaBMaKH HOTO 3HIKEHHS.
Bwmict Si B kpoBi mIypiB 000X TOCHITHUX
rpyn OyB Ha piBHI KOHTPOJBHUX 3HA4Y€Hb
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istration of ferrosilicomanganese, the content
of high- and low-molecular-weight CICs in
the blood also exceeded the control values
(by 2 and 2.5 times, respectively, p < 0.01). It
should be noted that compared to the previ-
ous observation period (one month), after
three months in the blood of both experimen-
tal groups of rats, the content of high-molec-
ular weight CICs decreased by 2 and 3.2
times, and low-molecular weight CICs by 2.5
and 2.1 times, p < 0,0 1 (Table 5).

According to the literature, an increase in
the levels of CICs in blood serum may be a
consequence of the reduced function of
phagocytes and their inability to dispose of
the formed complexes in a timely manner,
which was established. A decrease in the
level of both high-molecular and low-molec-
ular CICs may indicate their active removal
from the body, as well as possible deposition
in tissues and organs. It has been proven that
the pathogenesis of autoimmune diseases is
closely related to the synthesis of autoanti-
bodies and the accumulation of immune
complexes in tissues [23].

Conclusions. The results of the toxicolog-
ical studies therefore permit the following
conclusions to be drawn:

1. The studied samples of ferromanganese
and ferrosilicomanganese powders consist
of granules that have high dispersion and a
developed surface. The sizes of the gran-
ules of both powders lie within the
nanoscale range (granules of ferroman-
ganese from 10 nm to 40 nm, and ferrosili-
comanganese from 40 to 200 nm).
Compared to ferrosilicomanganese, the fer-
romanganese powder has a higher content
of Fe (by 2 times) and Mn (by 13.0%).
Compared to ferromanganese, ferrosilico-
manganese contained more C (by 23.3%),
F (by 2.4 times), Mg (by 4.4 times), Si (by
3.8 times) and Cl (by 5.7 times).

2. A single administration of a suspension of
ferroalloy powders into rats led to an
increase in the content of Fe and Mn in the
blood of experimental rats. The increased
content of Fe was determined after the
administration of ferromanganese and fer-
rosilicomanganese at all periods of obser-
vation, while Mn — only after one month,
and after three months — on the contrary,
its decrease. The content of Si in the blood
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MPOTSTOM BChOTO €KCIIEPUMEHTY.

3. 30inbieHHs BMICTY Fe B KpoBi TOCTITHUX
mypiB  00yMOBJIEHO HaJIMIIKOBUM
HAJXO/DKEHHSAM Ta TMOPYIIEHHSIM  HOTro
MeTaboI13My, 30KpeMa 3HUKEHHSIM 3ajli-
303B’S13Y10401 3/JaTHOCTI CUPOBAaTKU KPOBI1
Ta 301IbLHIEHHSIM BIACOTKAa HACHYECHHSI
TpaHC(hEpUHY 3aT130M.

4. IlinBULIEHHS  aKTUBHOCTI  ()EpPMEHTIB
(AJIT, ACT, JI®) y cupoBartiii KpoBi L1ypiB
(uepe3 3 Micslll), TOPYUIEHHS JIITIHOTO
oO0MiHy (y JMHaMill EKCIIEPUMEHTY)
MOXYTh BKa3yBaTH Ha IOIIKOKEHHS KJIi-
THH IICYIHKY, a ICTOTHE IIABHMIICHHS BMIC-
Ty CEYOBOi KHUCJIOTH MOXKE CBIIYUTH PO
PO3BUTOK 3alajibHOTO MpPOLECy Ta MOopy-
HIeHHs! (PYHKIIT HUPOK.

5. BBeaenHns mypam nopouikiB pepomapran-
10 Ta (PepoCHTIKOMapraHill0 BUKIHUKAIO
3HIKEHHS (aronuTapHoi QyHKIIT HEUTpo-
¢b1IIB KpOBI, NIABUIIEHE YTBOPEHHS B HUX
peakTUBHUX (OPM KHUCHIO, 30UIbIICHHS
PIBHIB HM3bKO- 1 BHCOKOMOJIEKYJISPHUX
LIK y cupoBarii kpoBi, 0co0na1Bo yepe3 |
MICSIIb TIICIISE BBEACHHS, IO BKa3ye Ha
aKTUBALII0O TYMOPAaJIbHOI JaHKU HECHelH-
(1YHOrO MPUPOAHOTO IMYHITETY Ta MOpY-
menns emiMinanii IIK gepes npurniuen-
Hs rIpoliecy (harouuTosy.

6. Bcranomieni nopyuieHHs O10XIMIYHHX Ta
IMYHOJIOTIYHUX MOKa3HUKIB — L€ Pe3yJib-
TaT HETAaTMBHOTO BIUIMBY Ha OpraHi3m
nypiB TOPOIIKIB (epomapraHumo Ta
dbepocuilikoMapraHiio micjist OAHOKPATHO-
ro BBEJEHHS iX y Tpaxewo B 1031 1/100
LD50. 3a CykynHICTIO BUSIBICHHUX IOpY-
IIeHb OUIbII HECHPHUATIUBUM BUSIBUBCS
BIUIMB Ha OpTaHi3M JOCIIIHUX IIypiB
dbepomaprasio, 4YaCTUHKH SIKOTO MaJH
MEHIIMH po3Mip Ta OUIbII PO3BUHEHY
MOBEPXHIO.

[lepciekTBH MOJANBIINX JOCIIIKEHb
MaloTh OyTH CHpPSIMOBAaHI Ha BUBUEHHS TOK-
CUYHOI 11 MOPOLIKIB (PepoCIUIaBiB 32 YMOBH
iXHBOTO XPOHIYHOI'O HAJIXOJKEHHS JI0 Opra-
HI3MY 3 METOI0 OOIPYHTYBAaHHs Tir€HIYHUX
HOpPMAaTHBIB y MOBITPI poOOUOT 30HU Ta 3aX0-
JiB TpO(UIAKTUKY HETaTWUBHOTIO BIUIMBY Ha
3M0pOB'st  NpPalIBHUKIB  METAIYPridHUX
(pepocnnaBHMX) BUPOOHUIITB.

KondurikT intepeciB. ABTopu 3asBISIOTH PO Bif-
CYTHICTh KOH(IIIKTY iHTEpECiB.
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of rats of both experimental groups was at
the level of control values throughout the
experiment.

3. The increase in the content of Fe in the
blood of experimental rats is due to its
excess intake and disruption of its metabo-
lism, in particular, a decrease in the iron-
binding capacity of blood serum and an
increase in the percentage of transferrin sat-
uration with iron.

4. An increase in the activity of enzymes
(ALT, AST, ALP) in the blood serum of rats
(after three months), disruptions of lipid
metabolism (in the dynamics of the experi-
ment) may indicate damage to liver cells,
and a significant increase in the content of
uric acid may indicate the development of
an inflammatory process and impaired kid-
ney function.

5. The administration of ferromanganese and
ferrosilicomanganese powders to rats caused
a decrease in the phagocytic function of
blood neutrophils, an increased formation of
reactive oxygen species in them, an increase
in the levels of low- and high-molecular
weight CICs in the blood serum, especially
one month after administration, which indi-
cates the activation of the humoral link of
non-specific natural immunity and a disrup-
tion in CICs elimination due to suppression
of the phagocytosis process.

6. The detected violations of the biochemical
and immunological parameters are indica-
tive of a negative impact on the body of rats
of ferromanganese and ferrosilicomanganese
powders after their single administration into
the trachea at a dose of 1/100 LDS5O0.
According to the totality of the detected dis-
orders, the effect of ferromanganese on the
organism of the experimental rats, whose
particles were smaller and had a more devel-
oped surface, was more unfavourable.
Prospects for further research should be

aimed at studying the toxic effect of ferroalloy
powders under the condition of their chronic
entry into the body in order to justify hygienic
standards in the air of the working area and
measures to prevent negative effects on the
health of employees of metallurgical (ferroal-
loy) industries.
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