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Histochemical and Immunohistochemical Investigation of Endocrine Tissue
of Pancreas after Damage Caused by B-cytotoxic Chemicals
and its Prevention by L-Hystidine

Authors investigated a possibility of prevention developing of experimental diabetes in animals caused by
group diabetogenic Zn-binding substances by preliminary injection of amino acid L-Hystidine contains the
sulthydril SH-groups in structure of molecule. It is established that intravenous administration of solution of
900-1000 mg/kg L-Hystidine to rabbits leads tothe almost complete binding of ions of Zinc in B-cells of
pancreas for 24 hours and prevent of formation in B-cells of a toxic complex Zinc-dithizon that is followed
by prevention of developing of diabetes at 11 animals from 12. At the same time by comparative using of var-
ious histochemical research technics staining of tissue of pancreas it was shown that most sensitive for identi-
fication of insulin and Zine.in B-cells are fluorescent methods. The most qualitative results of assessment of
features of gistotopography of insulin and Zinc in B-cells obtained by using of Aldehyde-fucshine method.

Keywords: B-cells, L-Hystidin, insulin, zinc, experimental diabetes, aldehyde-fucshine method, dithizon,
pancreas, histochemical methods.

Background. Okamoto K. showed that Diphenylthiocarbazone (Dithizon) possess ability for selective
destruction of B-cells that accompanied by developing of 1% type diabetes [1]. More later it was showed that
injection of alloxan, of derivatives of 8-oxyquinolin and of Streptosotozin result selective destruction and
death ‘of B-cells too. Among methods for investigation result of action of these substances on islets
histochemical and immunocytochemical methods have a few advantages as: 1) detail analysis of state of
histostructure of islets; 2) analysis of insulin and Zn"*-ions content and disposition of hormone in cytoplasm
of B-cells; 3) reveal the early histological and histochemical changes in islets. Pancreatic B-cells contains a
large amount of Znions [2—4]. In B-cells Zn"-ions take part in processes of biosynthesis of insulin as of
storage by forming of zinc-insulin complex [5, 6]. Zn"™-ions in B-cells formed with insulin a deposited form
of hormone as Zn"*-insulin complex [5]. Proinsulin forms a zinc containing hexamer after synthesis. Zinc
ions enhance proinsulin solubility and render insulin insoluble. Zinc ions also appear to play an important
role in the microcrystalline character of the precipitated insulin granules [1]. Pancreas of rat, rabbit, dog, cat,
some fish, human, birds, mice, hamster, porcine, hoerst, contains a large amount of Zn"*-ions [1]. By using
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of electron histochemistry method it was showed that Zn"-ions concentrated in B-granules only contains
deposited form of insulin [7]. Destruction of B-cells caused by Dithizon which formed in B-cells toxic com-
plexes with Zn"*-ions, started by destruction of B-granules [8, 9].

Aim of work: 1) to investigate influence of SH radical contains aminoacid L-Hystidine on activity of
Diphenylthiocarbazon (Dithizon)[DZ], a diabetogenic zincbinding reagent; 3) to compare results of staining
of islets for insulin and zinc in B-cells by using of various histochemical and immunocytochemical methods

Methods. Animals. 26 Rabbits 2240-2760g., 22 Rats 158-175g. 1. Experiences with Dithizon.
2. Experiences with L-Hystidine: injection of L-Hystidine, 900 mg/kg + injection of Dithizon, 48,5-50,2 ' mg/kg

Dithizon [DZ] as derivatives of 8-oxyquinolin possess a high chemical affinity for Zn"-ions and in
vitro formed color complexes as Zn"-chelator [1, 2]. 8TSQ formed fluorescent green complexes with-Zn -
ions visible using fluorescent microscopy and Dithizone formed red DZ-Zn"-ions complex visible using
dark microscopy. Maximum of absorbance of Zn"*-DZ complex on spectrum of absorbance correspond for
530 nm [3]. Diabetogenic properties of DZ as of other diabetogenic zuncbindng substances were investigated
previously and determined by ability to form complex salt with Zn-ions in cytoplasm of B-cells that result
necrosis and death of cells within short time [8—10].

Isolation of pancreatic islets by Collagenase

Animals. Pancreas of 14 rats LEWIS 4-5 days old. Isolation procedures:-dissected pancreas tissue were
treated 3 times 3 min each by 2% solution of Collagenase (Boehringer Mannheim, Germany; FLUKA, Swit-
zerland); rinse 3 times in cold Hanks solution and centrifugation; cultivation 12h at +37° Celsius in medium
RPMI 1640 (SERVA, Germany) with bovine serum+5.5 mM of Glucose, pH 7.32-7.41. Fixation in Bouin 15
min-1 h and filling in paraffin. Sections 4 mcm were used. Dithizen solution 0,4 ml was added in 10 ml of
nutria media 199 contains islets for 20 min that correspond to.concentration approximately about 40—45
mg/kg in experiences on animals; changing of media 199; pre-cultivation Sh.

Preparing of solutions

Preparing of Ditizon solution: 400 mg of Ditizon (Avocado chemical company, USA)+30 ml of
bidistillate+0,2 ml of 25% ammonium solution; mixing 10 min on water bath at +70 °C, filtration. Frozen
sections of Rabbit’s pancreas 4 mcm were investigated 10 min after injection using of dark-condensor mi-
croscopy. Intensity of staining was measured by photometer. 2™ part of pancreas tissue was fixed in Ethanol
70% contains dissolved H,S; staining of paraffin sections of tissue by 0,4% acetone solution of 8PTSQ [9]
and investigation using of fluorescent microscopy. Pancreas tissue was fixed in Bouin 24h.

Staining technologies. Following methods were used for staining 4-5 mcem paraffin sections of pancreas.

Aldehyde-fucshine method by Gomori G. Violet granules in cytoplasm of B-cells correspond to deposit-
ed form of insulin [10-11]. Intensity of color of cytoplasm of B-cells directly correspond to insulin content
in cytoplasm [12—-13]. Insulin content was calculated as parameter K=AB1/AB2 where: AB1-density of
staining of intact B-cells; AB1-density of staining of B-cells past action of diabetogenic chemicals (calculat-
ed as 1,00).

Diethylpseudoisocyanine fluorescent method. Schiebler T. and Schiessler S. showed that A chair of ox-
idized insulin"reacted with Diethylpseudoisocyanine chloride with formation of red fluorescent complex
which fluoresces in UV light. We have used modernized by Coalson R.E. method [14-16].

Description of staining procedures. Preparing of staining solution: 0,04% water solution of
Diethylpseudoisocyanine (SERVA, Germany). Staining procedures: 1) deparaffinization of sections in xylol;
2) alcohol 90°,80°,70° 1 min in each; 3)washing in cold water; 4) oxidation 0,5-2 min; oxidation solution:
5 ml of 5% H,SO,+5 ml 2,5% solution of KMnO,+30 ml bidistilled water at +28° Celsius; 5)washing in cold
water; 6) 5% solution of oxalic acid -5 sec; 6)washing in 2 portions of cold water; 7) 0,4% cold solution of
Diethylpseudoisocyanine — 20 min in refrigerator at +4°Celsius; 8) washing in cold water 5 min; 9) store in
refrigerator 1,5-3h.
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Insulin content was calculated using of relative units (r.u.) as parameter K=IF1/IF2 where: IF1-intensity
of fluorescence of intact B-cells (B-cells/exocrine tissue); IF2-intensity of fluorescence of B-cells after action
of diabetogenic chemicals (B-cells/exocrine tissue). Histofluorimetric complex was used [17].

Victoria Blue 4R method staining of insulin Diphenylnaphthylmetane (V4R), colour index 42563;
MERCK, Germany; FERAK, West Berlin). It was showed [18] that V4R in aqueous solution interacted with
oxidized A-chair of insulin that is accompanied by painting of cytoplasm of B-cells on a blue color propor-
tionally to the amount of insulin [17]. V4R paints some peptides hormones but B-cells produce insulin only.
This method is used not often, that is why we offer description of staining procedures. Staining procedures:
1) deparaffinization of sections; 2) washing in cold water a few min; 3) oxidation 3—5 min (oxidation solution:
0,3% KMnO, 50 ml+0,3% H,SO, 50 ml; wash sections; 4) place sections in 2—5 % water solution of'sodium
bisulphate — 1 min; wash sections; 5) 70° alcohol-1 min; 6) stain in staining solution{(96° alcohol 100
ml+Victoria Blue 4R - 1g) 15 min — 2h; wash sections; 7) staining on 0,5% water solution of Phloxine 30—
120 sec.; wash sections; 8) 5% water solution of phosphor wolframic acid 1-2 min; wash-section in water; 9)
stain in 0,5% water solution of Light Green 1-2 min; 10) dehydratation in 96% alcohol. Method was adopted
for using of sections of tissue culture of islets. Insulin content was calculated as parameter K=AB1/AB2 (17)
where: AB1 — density of staining of B-cells, AB2 — density of staining of‘exocrine tissue.

Staining by Dithizon. Preparing of Dithizon solution: 30 mg of Dithizon, (MERCK, Germany) +10 ml.
bidistillate+0.2 ml 25% NH,OH 10 min. mixing on temperature +70° at Celsius: Solution was injected intra-
venously to Rabbits and to Mice 46—48,6 mg/kg.

Frozen sections 4 mcm were investigated 5—10 min past injection by dark microscopy. Density of stain-
ing was measured using photometer. Insulin content was calculated as parameter K=AB1/AB2 where: ABI-
density of staining of intact B-cells; AB1-density of staining of exocrine tissue.

Immunohistochemical method staining of insulin. Standart kits for insulin (DAKO, Demark) were used
for staining sections of pancreas tissue.

Staining by 8PTSQ. Zn"*-8PTSQ complex radiates intensive green fluorescence, and complex Cd-8PTSQ
as yellow fluorescence under UV-light 360—370-nm length of wave that was confirmed by spectral analysis
[19-21]. Cytoplasm of B-cells not contains Cadmium. Past long time prolonging testing in Institute of High
Pure Chemicals (Moscow) 8PTSQ was proposed as fluorescent reagent for identification of very small amounts
of Zn"? in solutions and tissues. Later by Lasaris Y.A. and coll. [20] 8PTSQ was tested for revealing Zn"-ions.
8PTSQ is high specific reagent for staining of Zn-ions in pancreatic B-cells. Frozen sections of rat’s Pancreas
4 mem were investigated on fluorescent microscope. Staining procedures: 1) staining by 0,4% acetone solution
of 8PTSQ; 3—4 drop of solution placed on section; wash section by 3 portions of bidistillate. Intensity of fluo-
rescence was measured [17]. Insulin content was calculated as parameter K=AB1/AB2 where: [F2-intensity of
fluorescence of intact B-cells; IF 1-intensity of fluorescence of B-cells past action of diabetogenic substances.

RESULTS
Isolated pancreatic islets. Intact islets

Aldehyde-fuchsine staining: histostructure and insulin content in B-cells (violet color) without changes,
(Fig.1.1; Table1); K=1,80+0,06 (AB1/AB2: AB1-B-cells of isolated islets; AB2 — exocrine tissue of intact
pancress).

Victoria 4R staining: histostructure and insulin content in B-cells without changes (Table 1);
K=1,62+0,05.

Immunohistochemistry: histostructure and insulin content in B-cells without changes (Fig. 1.4; Table 1);
K=1,74 £ 0,04.

Diethylpseudoisocyanine staining: histostructure and insulin content in B-cells without changes (Table 1);
K=1,72+0,04.

Fluorescent staining of Zn"*-ions: a large amount of Zn-ions in B-cells: intensive green fluorescence of
B-cells; K=1,75+0,03.
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Isolated pancreatic islets after action of Dithizon:

Aldehyde-fuchsine staining. Necrosis, destruction and death of B-cells; marked decreasing of insulin
content in majority of B-cells (Fig. 1.2; Table 1); K= 1,14 = 0,04.

Victoria 4R staining. Destruction of islets, destruction and death of B-cells; decreasing of insulin con-
tent in majority of B-cells (Table 1); K= 1,06 + 0,05.

Immunohistochemistry. Deformation of islets; destruction and death of B-cells;decre- asing of insulin
content in majority of B-cells (Fig.1.5;Table 1); K =1,18 + 0,04.

Diethylpseudoisocyanine staining. Destruction of islets; marked decreasing of insulin content in B-cells
(Table 1); K= 1,07 £ 0,06.

Fluorescent staining of Zn*-ions. Almost complete disappearing of Zn"*-ions from B-cells (Table 1);
K=1,02+0,01.

Isolated pancreatic islets after action of L-Hystidine+Dithizon:

Aldehyde-fuchsine staining: necrobiosis of single B-cells; insulin content without changes in 80—-85% of
B-cells (Fig.1.3;Table 2); K= 1,65 + 0,04.

Victoria 4R staining: histostructure and insulin content without changes (Table1); K= 1,61 + 0,05.

Immunohistochemistry: insulin content in B-cells without changes{(Fig. 1.6; Table 1); K = 1,68 + 0,06.

Diethylpseudoisocyanine staining: insulin content in B-cells without changes (Table 1); K = 1,72 + 0,05.

Fluorescent staining of Zn"*-ions: negative reaction for Zn'?-ions in B-cells as result of binding with L-
Hystidine for Zn-ions in B-cells as result of binding with L-Hystidine (Table 1); K = 1,12 + 0,05.

Intact pancreas tissue

Aldehyde-fuchsine staining: oval form, histostructure without changes, a large amount of deposited in-
sulin (violet color) in cytoplasm of B-cells (Fig. 1.7)'which maximally are concentrated in B-cells located
around blood capillaries; insulin content without changes (Table 1); K = 1,86 £+ 0,05

Victoria 4R staining: histostructure of islets'without.changes; a large amount of deposited insulin in cy-
toplasm of B-cells (Table 1); K = 1,66 + 0,06.

Immunohistochemistry: histostructure and insulin content in B-cells without changes (Fig. 1.9) (Table 1);
K =1,90 £ 0,04.

Diethylpseudoisocyanine staining:insulin content in B-cells without changes (Table 1); K1, 92 £+ 0,06.

Fluorescent staining of Zn'*-ions. positive reaction for Zn-ions in B-cells (intensive green fluorescence
of Zn"*-ions); K = 2,05 + 0,07 (Table 1).

Pancreas tissue after action of Dithizon

Aldehyde-fuchsine staining: destruction and death of majority of B-cells, marked de- creasing of insulin
content in B-cells (Fig:.1.8; Table 1); K= 1,12 + 0,03

Immunohistochemistry: destruction and death of B-cells; marked decreasing of insulin content
(Fig.1.105 Table 1); K =1,03 + 0,02.

Diethylpseudoisocyanine staining: marked decreasing of insulin content (Table 1); K= 1,11 + 0,04.

Victoria 4R staining: destruction and death of majority of B-cells, marked de- creasing of insulin con-
tent in B-cells (Table 1); K=1,08+0,09

Fluorescent staining of Zn“-ions, DZ: absence of Zn™-ions in cytoplasm of B-cells (Table 1);
K=1,04+0,01

Pancreas tissue after action of L-Hystidine +Dithizon

Aldehyde-fuchsine staining: histostructure and insulin content without changes (Fig. 1.11;1.12; Table 2);
K =1,80=+0,03.
Victoria 4R staining: histostructure and insulin content without changes (Table 2); K = 1,66 + 0,09.
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Immunohistochemistry: histostructure and insulin content without changes (Fig. 1.13;1.14; Table 2);
K=1,82+0,04.

Diethylpseudoisocyanine staining: histostructure and insulin content without changes, (Table 2);
K =1,94+0,04.

Fluorescent staining of Zn*-ions: negative reaction for Zn"*-ions in B-cells as result of binding with L-
Hystidine (Table 2); K = 1,14 = 0,06.

1.12

1.1 Isolated intact islet. Aldehyde-fucshine. Histostructure and insulin content without changes; x280;
1.2 Isolated islet. Dithizon. Aldehyde-fucshine. Destruction of B-cells, negative reaction for insulin; x280;

1.3 Isolated islet. L-Hystidine+Dithizon. Aldehyde-fucshine. Histostructure and insulin content without changes;
x280;

1.4  Isolated intact islet. Immunohistochemistry. Histostructure and insulin content without changes; x280;
1.5  Isolated intact islet. Dithizon. Immunohistochemistry. Destruction of B-cells. Negative reaction for insulin, x280;
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1.6  Isolated intact islet. Immunohistochemistry. Histostructure and insulin contact without changes; x280;
1.7  Intact rabbit. Pancreas. Aldehyde-fucshine staining. Histostructure and insulin content in B-cells without changes;
x280;
1.8  Diabetes caused by Pancreas. Dithizon. Aldehyde-fucshine staining. Destruction of B-cells and marked decreas-
ing of insulin content in B-cells; x280;
1.9  Intact rabbit. Pancreas. Immmunohistochemical staining of insulin. Histostructure and insulin content in B-cells
without changes; x280;
1.10 Diabetes caused by Dithizon Pancreas. Immmunohistochemical staining of insulin. Marked decreasing of insu-
lin content in B-cells; x280;
1.11 Intact rabbit. Pancreas. Aldehyde-fucshine staining. Histostructure and insulin content in B-cells without changes;
x280;
1.12 L-Hystidine+Dithizon. Pancreas. Aldehyde-fucshine staining. Histostructure of B-cells without changes; mini-
mal decreasing of insulin content; x280;
1.13 Intact rabbit. Pancreas. Immmunohistochemical staining of insulin. Insulin content in B-cells. without changes;
x280;
1.14 L-Hystidine+Dithizon. Pancreas. Immmunohistochemical staining of insulin. Insulin-content in B-cells without
changes; x280;
Figure 1. State of histostructure and insulin content in B-cells in animals-with diabetes caused
by Dithizon and its prevention by L-Hystidine
Table 1
Comparative analysis results of measuring of insulin content in B-cells using of various methods
(r.u., parameter'K)
Ne Method Intact animals Diabete.s ipduced by Difference qf Ipdexes:
Dithizon intacts/dithizon
Isolated islets
1 Aldehyde-fucshine 1,80+0,06 1,14 £0,04 0,79
2 |Victoria 4R 1,62+0,05 1,06+0,05 0,59
3 Immunohistochemistry 1,74+0,04 1,18+0,04 0,63
4 Diethylpseudoisocyanine 1,72+0,04 1,07+0,06 0,95
5 8PTSQ (zinc reaction) 1,75+0,03 1,02+0,01
Pancreas tissue
1 Aldehyde-fucshine 1,86+0,05 1,124+0,03 0,89
2 |Victoria 4R 1,66+0,06 1,08+0,09 0,60
3 Immunohistochemistry 1,90+0,04 1,03+0,02 0,84
4  |Diethylpseudoisocyanine 1,924+0,06 1,11+0,04 0,93
5 8PTSQ (zinc reaction) 2,05+0,07 1,04+0,01
Table 2
Influence of L-Hystidine on insulin and zinc content in B-cells
(r.u., parameter K)
Difference
No Method Intact animals L-Hystidine + of indexes Intacts/
Dithizon L-Hystidine
(max./min/)
1 2 3 4 5
Isolated islets
1 |Aldehyde-fucshine 1,72+0,05 1,65+0,04 0,79
2 |Victoria 4R 1,64+0,04. 1,61£0,05 0,59
3 |Immunohistochemistry 1,71+0,03 1,68+0,06 0,63
4  |Diethylpseudoisocyanine 1,73+0,04 1,72+0,05 0,95
5 |8PTSQ (zinc reaction) 1,79+0,05¢ 1,12+0,05¢
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1 2 3 4 5

1 Pancreas tissue
2 |Aldehyde-fucshine 1,89+0,05* 1,80+0,03* 0,89
3 Victoria 4R 1,68+0,04 1,66+0,09 0,60
4 |Immunohistochemistry 1,98+0,03 1,82+0,04 0,84
5 |Diethylpseudoisocyanine 2,04+0,06"" 1,94+0,04""

8PTSQ (zinc reaction) 2,02+0,06" 1,14+0,06"

Note. *p< 0,05; *p<0,005; ~p<0,005; *p<0,005.
Discussion

Obtained results showed that administration of L-Hystidine result binding of almost all amount-of Zn-
ions in B-cells reversibly as least for 24 hours. Injection of dithizon after L-Hystidine not-accompanied by
forming in B-cells of chelat complexes Zn-DZ and by prevention of damage and of death of majority B-cells
and by prevention developing of diabetes in 11 animals from 12. It is known that amino acids as Cystein and
oxidized form of Gluthatione [22, 23] possess same property: injection of both acids result prevention of de-
struction of B-cells after following injection of dithizon and dia- betogenic derivatives of 8-oxyquinolin as of
developing of diabetes in animals [1]. Both acids con tains in structure of molecule SH-radicals. Meanwhile
molecule of reduced form of Gluthatione has only one difference: molecule not/contains of SH-radical.
As result, reduced form of Gluthatione not protect B-cells from binding of Zn-ions by zincbinding chelat ac-
tive chemicals and from developing of diabetes [23]. Binding of Zn-ions in B=cells by oxidized form of Glu-
tathione is apparently confirmed by existence of negative reaction for Zn for 24 hours. After that the com-
plex gradually dissociated up and 48—72 hours later dithizon is able to form in B-cells toxic complex that
accompanied by developing of experimental diabetes in animals.

Comparison of results of histochemical estimation of insulin and zinc content in B-cells showed follow-
ing: most sensible are fluorescent Diethylpseudoisocyanine, 8PTSQ zinc reaction and immunohistochemical
methods. Decreasing of index in sections painted by Victoria 4 method determined, as we suppose, by more
dark color of exocrine tissue cells that result distortion'of results of photometry.
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Yiikbl 0€3iHIH YHIOKPHUH/I YINACHIH B-IIUTOTOKCUKANBIK 3aTTapbIMEH
O0Y3bLITYbIH KoHe L-rucTUAMHMEH aJIIbIH AJ1YbIH THCTOXUMMSJIBIK
’KOHe HMMYHOTMCTOXUMMUSJIBIK 3epTITey

Makanana MBIPBIIIOaHIaHBICTEIPYIIB! JHAa0ETOTEH Il 3aTTap. TOOBIH TyAbIpaThiH Ccyabdruapmisai SH ToOs
MOJIEKYJIa KYPBUIBIMBIH/IA Oap aMUH-KbIIKBUIAbI L-THCTHAMHAL aJIbIH ajla €Hri3y apKbUIbl SKaHyapiapia
nuabeTTi OoJmpIpMay KoAapsl 3epTTenred. L-ructunun epitinaicin kosamapra 900—1000 mr/kr memniepae
KOKTaMBIPFa SHIIpYy HOTI>KECIH/e MBIPBIITHIH YHKBI Oe3iHfge B-xacymanapsiaga 24 carar imiHae HOHHBIH
TONBIK OailaHbICybl XoHE B-xacymranapbiHaa-aca KayinTi MbIPbIII-TUTH30H/BI KEIIEHIEPiH KAIBINTACYbIH
GonpipMay, OChl yakbITTa JUTH30H €HTi3y apKbUlbl 12 sxanyapabiH imidge 11-1e anaber TybIHAAybIHBIH
QJIIBIH aTybIMeH Oaiikanasl. bip yakbITTa YHKBI O€31 YWINackIHBIH KeCiHIUIEPIiH 3epTTey HOTMKECIHAE 9p TYPIIl
THCTOXHUMUSUIBIK SAICTEp ilIiHIE eH .Ce3imMTali. OOMbIN JIOMHHECHEHTTI ofic ecemreneni. B-xacymanapaa
MUHCYJIMH JKOHE MBIPBIITHIH T'HCTOTOHOrpadusUIbIK epeKIIeTiKTepi eH camanbl KepCeTKilTepre ue
ITBJIETHAPYKCHHI 971iC apKBUTBL ATBIH/IBL.

Kinm ce30ep: B-xkacymanap, L-THCTHIWH, WHCYJIHH, MBIPBII, OSKCHEPUMCHTAIIBI IUA0ET, albIeruia-
(bykcuHAi 9/1ic, TUTU30H, YIHKBI 0€31, THCTOXUMHUSUIBIK 9JIiC.
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I'mcroxumMuYyeckoe 1 HUMMYHOTHCTOXUMHYECKOE MCCIeI0BAHNE YHIOKPHUHHON TKAHU
MOIKETYA0YHOI KeJie3bl MPHU ee MOBPe:KIeHUH B-IIUTOTOKCHYeCKMMU BelleCTBaAMH
U B YCJOBHSX Npeaynpesxaawuero aeiicreus L-ructuauna

ABTOpaMH HCCIIEZIOBaHA BO3MOXKHOCTD NPEIOTBPAILCHHS Pa3BUTHS IUa0eTa y KHBOTHBIX, BBI3BIBACMOTO TPYI-
MO NMHK-CBSA3BIBAIONIMX AWAOETOTEHHBIX BEIECTB, ITyTE€M MPEIBAPUTEIBHOIO BBEACHUS AMHHOKHCIOTHI
L-ructununa, comepikamiero B CTPYKType MOJEKYJb! cyins(rugpmibaele rpynnsl SH. YceranosneHo, dTto
BHYTPHBEHHOE BBeJIeHHE pacTBopa L-ructmamna kpommkam B 03¢ 900—1000 Mr/kr BemeT K NPaKTHIECKH
TIOJTHOMY CBSI3bIBAHHIO MOHOB I[MHKA B B-KileTkax MopKeTyZ0YHOM *Keae3bl MUHUMAaNbHO Ha 24 yaca H mpe-
JOTBpaleHuo (HOpPMHUPOBaHKS B B-KileTKax TOKCHYHOTO KOMIUIEKCA LMHK-IUTH30H, YTO COIPOBOXKIACTCS
HpeTynpekIeHNeM BOSHUKHOBEHMS fradera y 11 »KHUBOTHBIX 13 12, BEI3BAHHOTO BBEJICHUEM JTUTH30HA TOCIIE
L-ructununa. OJHOBPEMEHHO MPU CPABHUTENBHOM HCHONB30BAHUU PA3INYHBIX THCTOXUMUUYECKUX METO/I0B
HCCIIeIOBaHNS CPE30B TKAHM MOJKEITYA0YHON KeJle3bl MT0Ka3aHo, YTO HanboJsiee UyBCTBUTENbHBIMU IS BBI-
SIBJICHHSI MHCYJIMHA W IMHKA B B-KileTkax sIBISIOTCS JTIOMHHECLEHTHBIE MeTonbl. Hanbosee kadecTBeHHBIE
pe3yabTaThl OIIEHKH OCOOEHHOCTEH I'MCTOTONOrpauu MHCYJIHHA M IUHKA B B-KieTkax moiydeHsl Mpu Hc-
T0JIb30BaHNUU aNlbAETUA(YYKCHHOBOTO METOIA.
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Kniouesvie  cnosa:  B-xnmerku, L-rucTHOWH, HMHCYIMH, IMHK, OSKCHEpUMEHTAJbHbIM  1auaber,
aNbIeTHA(QYKCHHOBBIN METOI, ANTH30H, MODKETYI0YHAs Kejle3a, THCTOXUMHYSCKUE METOIbL.
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