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Background. In recent years, stable strontium and its compounds have found their wide application in various branches such
as industry, agriculture, medicine, as well as in everyday life. However, aspects of the toxic effects of metal and its compounds
on the body are not yet fully understood.

Purpose of the study. To study hepatotoxicity effects of stable strontium chloride in chronic experiments in rats, according to
morpho-functional data.

Materials and methods. An experimental model of chronic strontium intoxication was used on male rats (n = 36), daily (5 days
a week for 4 months) in intragastric gavages of an aqueous solution of strontium chloride in the stable dose of 1/30 DLs,. The
hepatotoxic evaluation of stable strontium chloride effects was made according to histological and histochemical study on rat
liver after 1, 2, 3 and 4 months. For this purpose histological specimens were stained with hematoxylin & eosin, toluidine
blue, ammoniac solution of silver nitrate, mixture of sudan III & I'V. Histochemical reactions were carried out: PAS (periodic
acid—Schiff) in combination with diastase (PAS-D stain) for detection of glycogen, as well as the coupling with naphthol
AS- BS- phosphate for detecting the activity of acid phosphatase (AP).

Results. The studies have shown that chronic exposure to low doses of stable strontium chloride, are accompanied by
development of hepatotoxic effects, which are characterized by: blood circulation impairment (blood stasis in hepatic veins
and sinusoidal capillaries, especially in hepatic acini zone III); stromal edema and organ hyalinosis with collagen fibers;
lipo- and protein dystrophy of hepatocytes, developed due to the reduced amount of glycogen in hepatocytes; hypertrophy
and hyperplasia of Kupffer cells, as well as the increase in the amount of Kupffer cells in hepatocytes, due to histochemi-
cal activity of AP.

Conclusion. Chronic exposures to stable strontium chloride in small doses, at 1/30 DL causes development of drastic effects
due to hepatotoxic metal action, which should be taken into consideration ,when assessing the risk of exposure to this metal
both for industrial and household environment.
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The development of modern industries is impossible
without use of new and advanced materials, among
which strontium takes a special place, being a soft,
malleable and ductile alkaline earth metal, having
silvery white color with high chemical activity. The
United States, Japan, Germany, South Korea and
China annually produce several hundred thousand
tons of strontium carbonate compounds, which are
used for production of special glass, needed for color
television screens, monitors and other display
production. Thus, for production of each color
television screen or monitor 1 kg of strontium oxide is
used on the average. Tens additives of thousand tons
of strontium are used in production of high-quality
ferrites (ceramic magnets) and multilayer ceramic
capacitors [1]. Strontium increases the hardness of
aluminum and copper, corrosion resistance of zinc,
aluminum and aircraft magnesium alloys, and that is

why strontium is widely used in the modern high-tech
[2]. In addition, strontium compounds are used for
manufacturing various ceramic glazes and paints.
Earlier, lead compounds were used for this purpose.
Also it should be noted that significant amounts of
strontium is contained in raw phosphogypsum, which
is used in large quantities for production of phosphate
fertilizers [3]. The use of strontium compounds is not
limited by high-tech industries. In recent years,
various strontium compounds are widely used in
medicine and household. Strontium chloride is an
important component in production of toothpastes
and various types of cosmetics. Strontium ranelate is
used in modern medicine for prevention and treatment
of osteoporosis [4]. The toxic properties of various
strontium compounds are summarized in a number of
studies [5]. It is shown that stable strontium
compounds are virtually chemically identical to
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radioactive metal compounds, and this is very
important from the evaluating point of view of metal
toxic properties.

Purpose of the study: To study hepatotoxicity
effects of stable strontium chloride in rat’s liver in its
chronic effects on the body, according to morphological
and functional data.

Materials and methods

Experiments were carried out on 36 conventional,
randomized, outbreed adult male albino rats catego-
ry 11, weighing 120—130 g, which were kept under
standard vivarium conditions in standard mode; food
and free access to water, which was precipitated for at
least 24 hours, were given. All rats were divided into
two groups, experimental and the control. In the test
group we used 24 rats, 6 in each of 4 groups, and in
the control group — 12 rats, respectively. All
experiments were performed in compliance with all
basic requirements and recommendations of the
European Convention for humane treatment of
vertebrate animals, used for experimental purposes
[6]. Experimental intoxication with stable strontium
chloride was reproduced daily (5 days per week for
4 months) intragastric, by gavages 1,0 ml injection a
stable aqueous solution of strontium chloride in the
dose of 60,0 mg/kg (a dose correspondes to 1/30
DL50). The control rats were treated in a similar
manner and aqueous solution of 0,9 % sodium
chloride was inserted. Experimental animals were
taken out after 1, 2, 3 and 4 months by decapitation
after anesthesia with thiopental sodium provision
(40,0 mg/kg). For morphological studies pieces from
the large lobe of the liver were taken (dimensions
I x 1x0,5cm) and then were fixed for 24—48 h in
10 % neutral formalin solution and calcium-formol,
later frozen in dry ice-cooled petroleum ether. The
fixed slices were washed with water, dehydrated in
ethanol solution, increasing the concentration of
antireflection in xylene and embedded in paraffin.
Paraffin microtome slides of 7—10 microns were
stained with hematoxylin and Eosin (H & E), toluidine
blue solution (pH 2,8) for detection of neutral and
acidic glycosaminoglycans, ammoniac solution of
silver nitrate for detecting reticular fibers and Schiff's
reagent in combination with diastase (PAS-D stain)
for glycogen detection [7]. Sections were prepared
from frozen liver slices with cryostat, 10—15 microns
thickness and used for histochemical reaction by

diazotization with naphthol AS- BS- phosphate (a
method of Goldberg and Barka) [8] for activity
detection of acid phosphatase (AP) and staining with
a mixture of lipids sudan III & IV. Histological and
histochemical preparations were examined under a
light microscope «Olimpus BX 54». All observed
changes were grouped by separate sings in order to
assess their severity in each chronic experiment term.
Then the frequency of occurrence of each of these 10
fields of each drug was counted. The results are
expressed in relative units (%). A statistical analysis
was performed by Fisher's F-test under the null
hypothesis, [9] the numerical data obtained was
converted into the empirical value Bempir (the
statement of normal distribution of frequency
characteristics), which compared with its critical
value (¢, — 1,64). When Pernpir < Pprit the hypothesis
of inequality was rejected, when Oepnpir = 1,64
statistically significant differences were assessed at
the level of ¢ = 0,05 (p,, < 0,05), changes were those
that satisfy the conditions ¢ > 1,64.

empir

Results and discussion

The results of histological studies have shown that
chronic exposure to stable strontium chloride in the
experiment is characterized by development of
plethora in interlobular and terminal hepatic veins,
sinusoidal expansion of capillaries and blood stasis in
the microcirculatory vessels of the hepatic acyni
3-rd zone, in the early stages of the experiment
(1—2 months), accompanied by edema, swelling and
disorganization of collagen fibers, and at a later stage
(3—4 months) — hyalinosis of collagen fibers. At the
same time hyperplasia and hypertrophy of stellate
macrophages (Kupffer cells) were found in the liver at
all stages of experiment, when compared with the
control group, as well as the development of
degenerative changes of hepatocytes, which in the
early stages of experience (1—2 months) were
characterized by edema of the nuclei and cytoplasm,
and at the later stage (3—4 months) by a fine-grained
nature of their cytoplasm and infiltration of the
cytoplasm with small inclusions of lipids and hyaline
masses (Fig. 1).

Histochemical studies have shown that hepatocytes
develop degenerative changes due to lower amounts
of glycogen in the cells and increasing the activity of
the enzyme AP (Fig. 2, 3). In addition, these changes
involved hepatocytes, arranged in central zones of the
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hepatic lobes. The increase in enzyme activity was
detected in AP hypertrophic Kupifer cells, which was
a testament to their high functional activity. It is
known that the activity of AP is a histochemical
marker of lysosomes, involved in providing a number
of important cell functions, associated not only with
the absorption of its various components, but, also,
with their metabolic conversion, biodegradation and
elimination from cells to the outside environment.
The evaluation of morphological changes in the
liver, according to the analysis, conducted by the

detection rate of morphological evidence, presented as
normal distribution (¢), has identified features of
hepatotoxic effects in the dynamics of chronic
intoxication by strontium. It has been shown that at
early stages of the intoxication circulatory disorders in
the liver were dominating. For example, after 1 month
of the metal influence on the body, enhanced full-
blooded hepatic veins and sinusoidal capillaries of the
hepatic acinus 3-rd zone were seen in much higher
frequency. By the end of the experiment (4 months) the
frequency of these changes significantly decreased

Fig. 1 Histological changes in the liver of rats after chronic exposure to stable strontzum chloride:
a) — | month experiment. Venous congestion and edema of the stroma; b) — 4 months experiment.
Expansion of the sinusoidal capillaries and hyaline dystrophy of hepatocytes (). Hematoxylin & eosin
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Fig. 2 FFzg 2. Histochemical acid phosphatase reaction in rat’s liver: a) — control; b) — 3 months intoxica-
tion with stable strontium chloride. The histochemical reaction by diazotization with naphthol AS-BS-

phosphate (method of Goldberg and Barka)

Fig. 3. Histochemical reaction for glycogen in rat’s liver: a) — control; b) — 3 months intoxication with stable

strontium chloride. PAS-D stain
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(p, < 0,05, Table). At the same time the stasis of blood
frequency indicator in capillaries showed undulating
natural changes. At the beginning of the experiment ( 1
month) it was high, then, after the 2-nd and 3-rd
months of intoxication it increased and again decreased
significantly by the end of the experiment (4 month),
significantly higher than the level at the initial period of
the experiment (p,, < 0,05, Table). If we consider that
the determining factor in the development of blood
stasis in the capillaries is a factor of membranes
rupture of red blood cells, circulating in the blood [ 10],
it should be thought that after 2-nd and 3-rd months of
the experiment compensatory and adaptive changes
develop in rats, supporting the structural integrity of
red blood cells [11]. At the same time at the end of the
experiment (after 4 months) the depletion of
compensatory mechanisms, which supports partially
lost body functions, leads to development of disorders
in the body microcirculation.

During chronic exposure to stable strontium a
connective stroma body edema was revealed,
maximum manifestation was at the initial steps of the
experiment (1-st and 2-nd months.). Later, in the
course of the experiment, on the 3-rd and 4-th
months, the frequency of such changes significantly
was reduced (p, <0,05, Table). On the other hand,
the frequency of edema, swelling and disorganization
of collagen fibers increased. Furthermore, towards the
end of the experiment the detection of collagen fiber

hyalinosis significantly increased (pu 0,05, Table),
clearly indicating development of mesenchymal
dystrophy in the liver. In the liver parenchyma under
the influence of stable strontium chloride there was
evidence of nuclei and cytoplasm edema of
hepatocytes, whose frequency was significantly
reduced by the 3-rd and 4-th months of the exposure,
in comparison with the initial period of the experiment
(p, < 0,05, Table). At the same time lipodystrophy
was developed in the liver, the maximum severity of
which was reached by the 3-rd and 4-th months of the
experiment (Table). Protein dystrophy of hepatocytes
was present as well. In this case, lipodystrophy and
protein dystrophy of hepatocytes developed due to
granular dystrophy progression, and further reduction
of glycogen amount in the cells (Table).

It should be noted that the development of
degenerative changes in the dynamics of chronic
stable strontium chloride influence is accompanied by
hypertrophy and hyperplasia of Kupffer cells, as well
as by increasing of AP histochemical enzyme activity
in the hepatocytes (Fig. 2, Table).

The results of our morphological studies so far,
correspond to the same reported sources in literature
[12], in which the authors discuss changes in the
liver, in the acute and subchronic experiments
discovered by them, characterized by disorders of
blood circulation in the microvascular system, as well
as by degenerative and necrotic changes of

Tahle

Comparative evaluation of morphological changes in the liver of rats after chronic exposure to stable
strontium chloride, ¢ — the statement of the normal distribution frequency of revealed characteristics

Groups
Morphological changes (signs)

1(n=6) 2(n=06) 3(m=06) 4 (n=06)
Lumen expansion & vascular congestion 1,266 0,959* 0,876* 0,795%#
Sinusoidal expansion & capillary congestion 1,328 0,940* 0,927* 0,823*
Capillary blood stasis 1,328 0,795% 0,940%# 1,611%#
Stromal edema 1,093 1,182 0,809%*# 0,879%#
Edema, swelling and disorganization of collagen fibers 0,423 0,451 0,952** 1,341%#F
Collagen fiber hyalinosis 0,190 0,927% 1,174%% 1,772%#
Hypertrophy and hyperplasia of Kupffer cells 1,308 1,318 1,479 1,621%#
Cytoplasm and nuclei of hepatocytes edema 1,077 0,957 0,876* 0,823*
Hepatocyte granular degeneration 0,957 1,070 1,124 1,224*
Hepatocyte lipodystrophy 0,516 0,981* 1,056* 1,024%*
Hepatocyte hyaline dystrophy n/a n/a 0,318 0,473
Glycogen reducing in Hepatocytes 0,881 1,070%* 1,115* 1,249%#
Acid phosphatase activity increase in hepatocytes 1,245 1,211 1,297 1,611%#

Statistically significant at o. = 0,05, compared with groups: *1;%#2; 3.
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hepatocytes. The authors note the development of not
only parenchymal, but, also, mesenchymal dystrophy
of hepatocytes, which are manifested in the form of
fibrous connective tissue plasmorrhagia. It should be
also noted that our histochemical studies indicate the
leading role of carbohydrate, lipid and protein
metabolism in the development of hepatotoxic effects
of stable strontium compounds, as well as not enough
estimated role of lysosomes and their hydrolytic
enzymes, ensuring the protection and, on the other
hand, liver cell damage under the influence of stable
strontium on the body. Certain aspects of the role of
lysosomes in mechanisms of protection and cell
damages in exposures to heavy metals are widely
discussed in the literature on the pages of modern
scientific publications [13].
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MOP®OAOIN4YHA XAPAKTEPUCTUKA NCEENATOTOKCNYHUX EDEKTIB XAOPNAY
CTAGIABHOIMO CTPOHUIIO NPU XPOHIYHOMY BNAUEI HA LLYPIB

AY «IHCTUTYT MeanumnHu npaui HAMH YkpaiHn», M. Knis

2 AOHELILKNIN HAUIOHAaABHUN MeANHHUN YHIBEpCUTET
30aecbknin HaUIOHaABHUN MeAVHHWUIA yHIBEpCUTET

Bcemyn. OctaHHIMU poKaMu CTaOiTbHMI XJOPMI CTPOHIIIO Ta MOTO CIOJYKM 3HAMIIIM CBOE IIMPOKE BUKOPUCTAHHS B
Pi3HUX rajay3six MIPOMHUCIIOBOCTI, CITbCbKOMY I'OCIIOAApCTBi, MeAULIMHI Ta ToOyTi. [TpoTe acrekTy TOKCMYHOI Jii MeTaly Ta
OT0 CITOJIYK Ha OpraHi3M 3aJIMILIAalThCs B TIOBHIM Mipi He BUBYUEHUMMU.
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Mema docaioncenns. BuBuntH 3a 1aHuMu Mopho-(pyHKIIOHAIBLHOIO JOCTIIKEHHS MeUiHKHU 1IYpiB e(PeKTH rernaToToOKCHY -
HOI J1ii xJ1I0puay CTabiIbHOTO CTPOHILIIO MPU XPOHIYHOMY BIUJIMBI Ha OpPTraHi3M.

Mamepiaau ma memoou docaioncenns. EXcriepuMeHTaIbHY MOJEIb XPOHIYHOI iHTOKCHMKALIl CTPOHIIIEM BiITBOPIOBAIIM Ha
rypax-camiisix (n = 36) IUIsIXoM 10JAeHHOTO (5 AHIB Ha 1 THIKIEHD BITPOIOBXK 4 MiCsIL1iB) BHYTPIiLITHBOIILTYHKOBOTO BBEACHHSI
YEPE3 30H/1 BOIHOTO PO3YMHY XTOPHY CTabLTbHOTO CTPOHLIKo B 1031 1/30 JI/15,. OUiHKY renartoToKCM4HMX €PEKTIB XT0pUILy
CTabiTbHOTO CTPOHIIiIO TTPOBOAMIIN 33 JAHUMM TiCTOJOTIYHUX i TICTOXIMIYHUX AOCIIIKEeHb MEeUYiHKU IIypiB yepe3 1, 2, 31 4
MicsiiiB. 151 LIbOro ricToJIOriyHi MpernapaTy 3a0apBIlOBaJIM TeMaTOKCUIIHOM i eo3uHOM, cyminno cynany 111 i IV, a takox
npoBoawIM TictoximiuHi peakitii N K-itonHa kuciora (Meron [labanamia) 1ist BUSIBIEHHS TJIiIKOT€HY Ta a30CIMOJYyYeHHS 3
Hadrosom AS- BS- docharom (meton Goldberg i Barka) st BusiBiieHHs1 akTMBHOCTI hepMeHTy Kucioi hocdatazu (KD).
Pezyavmamu. [1poBeaeHi AOCTiIKEHHS TOKA3aJIU, 1110 XPOHIYHUI BILUTUB MaTUX J03 XJIOPUIY CTa0IbHOTO CTPOHILIIO CYyMNpoO-
BOJIKYETHCS PO3BUTKOM TEeTATOTOKCUYHUX e(EeKTiB, SIKi XapaKTepU3YIOThCSl TMOPYIIEHHSIM KpPOBOOOITY (TIOBHOKPOB'SI
MEeYiHKOBMX BEH i CMHYCOINAJIbHUX KamiispiB, rnmepeBaxkHo 11 30HM medyiHKOBUX allMHYCiB), HAOPSIKOM CTPOMU OpraHa i
riaJliHo30M KoJareHOBMX BOJIOKOH, JPiOHOKAIEbHOIO XKUPOBOIO Ta OIJIKOBOIO TiajliHOBO-KparneabHOI AUCTpodieto remna-
TOLIMTIB, 1110 PO3BUBAETHCS Ha (POHI 3HUXKEHHS KiJTbKOCTI INTIKOTeHY B renaToluMTax, rinepTpodieto Ta rinepriiasieto KJIiTuH
Kymidepa, a Takok 36iabIIeHHSIM B TenaTounTax i kirituHax Kyrdepa rictoximignoi aktuBHocTi KD.

Bucroeku. XpOHiYHMIA BIUIMB CTaOUIBHOTO XJTOPUIY CTPOHILIO B MalIuX ao3ax Ha pieHi 1/30 JI15, cipuuuHIOE PO3BUTOK
BUPaXEeHNX e(PeKTiB TernaTOTOKCUIHOI Aii MeTairy, 1110 3aBXIM HEeOOXiTHO BPaxXOBYBATU TMPU MPOBEAEHHI OLIHKUA PU3UKY
BIUIMBY METay B yMOBax BUPOOHUITBA Ta MOOYTi.

KaiouoBi croBa: cTabibHUI CTPOHILiNM, iIHTOKCHKAIliA, eKCIIEPMMEHT, TelaTOTOKCUYHA Tifd
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MOP®OAOIM4YECKASI XAPAKTEPUCTUKA NENATOTOKCMHECKUX 3MMEKTOB XAOPNAA
CTAGUABLHOIMO CTPOHUWSI NPU EFO XPOHNYECKOM BO3AENCTBUN HA KPbIC

MY «NHCTUTYT MeAnuVHBLI Tpyaa HAMH YkpavHbl», r. Kves
2 AOHEeLKN HAUMOHAALHbIV MEANUNHCKNIA YHUBEPCUTET
30AeCccKni HAUMOHAALHBIV MEAUUHCKNIA YHUBEpCUTET

Bemynaenue. B mociieiHre Tojibl CTaOMIbHBIN CTPOHIIVI M €T0 COSNMHEHUST HAIIUTA CBOE IIIMPOKOE TIPUMEHEHUE B pa3jind-
HBIX OTPACJISIX IPOMBITIUIEHHOCTH, CEJThCKOM XO3SIUCTBE, MEIMITNHE, a TAKKe B ObITY. BMecTe ¢ TeM acreKThl TOKCMYECKOTO
NEUCTBUST METAJUIa ¥ €TO COEIMHEHUIT Ha OPTaHU3M OCTAIOTCS B TIOJTHOM Mepe He U3yYeHHBIMU.

Ilenv uccnedosanus. U3yautb o naHHBIM MOP(O-(PYHKIIMOHAIBHOTO UCCIETOBaHMS TTEYEHU KPhIC 3 (HEKTHI TeMaTOTOKCH-
YeCcKOTO AEMCTBUSI XJIOPUIA CTAOMIBHOTO CTPOHLIMS TPU XPOHUYECKOM BO3JIEHCTBUY HA OPTAaHU3M.

Mamepuansr u memodut uccredoganus. DKCIEPUMEHTATBHYIO MOJEb XPOHUUYECKOW CTPOHLIMEBOM MHTOKCUKAIIMK BOCIIPOU3BO-
IIVAJIA Ha KpbIcax-camiax (n = 36) myTeM exxeTHeBHOTO (5 IHei B 1 Helemo B TeUeHNE 4 MeCsILIEB) BHYTPYIKETYI0YHOTO BBEICHHUS
4epe3 30HJ1 BOIHOTO PacTBOpa XJI0pua cTabmibHoro ctpoHims B 103€ 1/30 JIMs,. OueHKy renatoTokemueckux 3(hpeKToB X1o-
pua cTabMILHOTO CTPOHIINS TIPOBOIVITH TI0 TaHHBIM TUCTOJIOTUIECKUX Y TUCTOXUMUYECKUX VCCIIENOBAHU TIEYeHU KPBIC Yepe3
1, 2, 3 u 4 mecaneB. IJIg 3TOro TMCTOJIOTMYECKHE TpernapaThl OKpaIllMBaId FeMaTOKCUJIMHOM 1 303MHOM, TOJYUIMHOBBIM
CUHUM, aMMHUAYHbIM pacTBOPOM HUTpaTa cepedpa, cMechio cynaHoB 111 u 1V, a Takke mpoBOAMINM TMCTOXMMUUYECKUE PEaKLIUU
LIHMK-itonHas kucnora (Meton Illabanaiia) st oOHapyXKeHusl IMKOreHa U azocoueTaHust ¢ HadTonom AS- BS- docharom
(meton Goldberg u Barka) st oGHapy>keHUsI akTUBHOCTU (hepMeHTa Kucioi (ocdaraser (KD).

Pe3ynvmameut. TIpoBeneHHBIE UCCIIENOBAHUS TTOKA3aJId, YTO XPOHMUYECKOE BO3MEHCTBYIE MaJIBIX J03 XJIOpUIa CTAOUITHLHOTO
CTPOHIINS COTTPOBOXKIAETCST Pa3BUTHEM TeIaTOTOKCUIeCKUX 3(DHEKTOB, KOTOPBIE XapaKTepU3yIOTCsS HApYIIIEHUEM KPOBOO-
OpauieHust (MOJHOKPOBUE MEYEHOYHBIX BEH U CUHYCOMAATBHBIX KaMWLISIPOB, npeumyniectBeHHO I11 30HbI meueHOUHBIX
allHYCOB), OTEKOM CTPOMBI OpraHa U TMaJMHO30M KOJIIATeHOBBIX BOJIOKOH, MEJIKOKAaIeIbHOM KUPOBOI U OeIKOBOI r1a-
JINHOBOKAMEJIbHON AUCTpOodUEll renaToluToB, pa3BUBaloLieiicss Ha ¢GoHe CHUXXEHUsT KOJIMYECTBA INIMKOTeHa B rernaToLy-
Tax, rurneprpodueil u rurepruiasueit Kiuetok Kymndepa, a Takke yBeJuueHreM B TenaToluTax 1 Kietkax Kyrmdepa rucro-
XuMHU4Ieckoir akTuBHOCTH KD.

Bbi600b1. XpoHnueckoe BO3neHCTBIE CTAOMILHOTO XJIOPKAA CTPOHIIMA B MaIbIX 103ax Ha ypoBHe 1/30 JI/15, BoIsbIBaeT pas-
BUTHE BbIPaXXeHHBIX 2((HEKTOB remaroTOKCMUECKOro AeWCTBUS MeTalia, YTO Bceraa HeoOX0AuMO YUYMUTHIBATh MTPU OLIEHKE
pucKa BO3IeICTBUS MeTaslsla B MPOU3BOACTBEHHBIX YCIOBUSIX U OBITY.
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