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Histochemical staining and estimation of zinc content in pancreatic p-cells
by using of Dithizon and 8-para(toluenesulphonylamino)quinolin

It is known that zinc in pancreatic B-cells take part in processes of formation of deposited form of insulin.
Assessment of its contents allows to estimate functional state of B-cells. It is necessary to use a precise and
high specific histochemical methods for identification of zinc in B-cells. Authors presented results of experi-
mental improving of methods for qualitative and quantitative estimation of zinc content in pancreas tissue.
Authors showed that: 1) decrease of thickness of sections of pancreas tissue 1,5 times — from 6—7 mcm to 4
mcm have best results for investigate of histotopography of zinc in islets using of Dithizon method; 2) similar
result is obtained by decrease of dose of Dithizon njected to animals for 2-2,5 times; 3) quantitative estima-
tion of zinc content is possible by using of histofluorimetric complex; 4) formation of a complex of dithizon
with zinc in the form of the painted granules significantly improve results of analysis of histotopography of
zinc in islet; 5) regarding preparing of frozen sections of pancreas tissue: best results were obtained using of
temperature of freezing of tissue from -18° to — 22 °C; 6) more precise result were obtained using of addition-
al method staining of zinc by TSH which is more sensitive for revealing of minimal concentration of zinc
as 107-10%. Thus, obtained results allow to ex- pand and significantly improve possibilities of histochemical
Dithizon and TSH methods for estimate concentration and disposition of zinc in pancreatic islets.

Keywords: pancreas, pancreatic islets, P-cells, histochemical methods, dithizon, 8-para(toluenesulpho-
nylamino) quinolin, zinc, insulin, histotopography, quantitative analysis.

Pancreatic islets of human pancreas contains, as well as islets of many mammals (rabbits, dogs, cats,
pigs, mice, horses, hamsters), a large amount of ions of zinc [1-3] participating in formation of zinc-insulin
complex, a deposited form of hormone in B-cells. Histological methods are unsuitable for estimate functional
state as for to estimate content of deposited insulin in B-cells. More preferable is using of specific and sensi-
tive histochemical methods of staining ions of zinc in B-cells.

Diphenylthiocarbazon (Dithizon) and 8-para(toluenesulfonilamino)quinoline (8TSH) possess two im-
portant properties for this purpose: 1) to form with zinc in B-cells chelat complexes highly specific for zinc;
2) complexes with 8TSH have bright green fluorescence that allows to observe visually of zinc in -cells and
estimate content by measuring of intensity of fluorescence by using of fluorescent microscopy; 3) complexes
of zinc with Dithizon revealed in cells as bright red granules using of dark microscopy. As these complexes
at the same time are toxic both substances possess diabetogenic properties and are capable within 15-30 min.
after intravenous injection selectively result destruction and death of the majority of the B-cells that accom-
panied by development of a diabetes mellitus 1 type within the first 2—-3 days [4—7].

Previously it was possible to estimate zinc content in B-cells by visual analysis only using of fluorescent
or dark microscopy. Quality of obtained results of histochemical identification of zinc by means of both
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methods was remained insufficient for investigate histotopography of zinc in islets as well as for the quanti-
tative assessment of its contents that was caused both by not high quality of staining technologies and of
quality of preparing sections of frozen tissue of pancreas most suitable for such researches. The research aim
of work consists for improving of staining procedures, preparing of frozen sections of pancreas tissue and
development of method of assessment of measuring result of staining of zinc in -cells.

Materials and methods

12 rabbits weighing 2250-2700 g and 14 white mice weighing 30-35 g were divided for 2 groups:
1) rabbits and mice were killed 6—8 min after intravenous injection of solutions of dithizon and 8TSH
(46—49 mg/kg and 38-42 mg/kg); 2) rabbits with diabetes caused by Dithizon (48-50 mg/kg). Control: intact
animals.

Preparing of Dithizon solution: 30 ml of distilled water added 0,6 ml of 25 % of solution of ammonia,
400 mg of Dithizon. Mixing on a water bath (+70 °C) for 10 min., filration. The received filtrate represented
1% water ammonia liquor of Dithizon solution was injected intravenously to rabbits into an ear vein and to
mice in a tail vein. Preparation of solution 8TSH for injections: 25 mg. powder 8 TSH (Institute of high pure
reagents, Moscow, Russia) dissolved in 70% ethanol at a temperature + 70 °C within 67 min. on a water
bath then injected intravenously of 38—42 mg/kg.

8TSH formed fluorescent complexes with zinc and cadmium. But cadmium is absent in pancreatic [3-
cells. The complex Zn-8TSH in ultraviolet light at of 360—370 nanometers fluoresces bright green light
(Fig. 1B), and the Cd-8TSH complex — bright yellow. That is why 8TSH for B-cells is high specific for stain-
ing of zinc ions. Method is sensitive for revealing of zinc concentration as 10710, The reagent was offered
by Institute of High Pure Reagents (Moscow) as high specific for revealing of zinc in liquids and tissues.
Y.A. Lazaris and coll. was used it for identification of zinc in tissues of animals, including pancreas tissue
[5, 7-9].

Aldehyde-fuchsine method was used for staining paraffin sections of pancreas tissue [10]. Blood glu-
cose concentration in animals of group 2 was carried out daily within first 5 days in animals of, and then
twice per week. In 10 days animals were destroyed by an air embolism. Frozen sections 4-5 mcm of pancre-
as of animal from group 1 were investigated using dark-field microscopy after intravenous administration of
Dithizon and of luminescent microscopy for histochemical luminescent identification of zinc in B-cells after
staining by 8TSH. 0,4 % aceton solution 0,4 % of 8TSH was used: several drops of which applied on sec-
tions for 10-12 sec.; washing of sections later by bidistilled water.

Zinc content n B-cells was estimated by a histofluorimetric method in the relative units (r. ¢.) by meas-
uring intensity of fluorescence of complex Zn™-8TSH in B-cells and of density of concentration of granules
of Zn"*-Dithizon [11,12] by calculation of parameter «K» based on direct dependence between intensity of a
fluorescence (8§TSH) and of density of staining (Dithizon) of B-cells and content of zinc. Calculation of pa-
rameter K for a 8TSH-luminescent method of identification of Zn"-ions in p-cells: IF1/IF2, where: IF1-
luminescent emission of B-cells, and IF2-intensity of luminescence of exocrine tissue (absence of color, as
1.00). Calculation of parameter K for Dithizon method of identification of Zn"-ions in B-cells: IF1/IF2,
where: IF1- density of staining of -cells and IF2- density of staining of exocrine tissue (absence of color, as
1.00).

Results and discussion

Obtained results demonstrate that the highest content of ions of Zn+2-was observed in pancreatic islets
of intact rabbits (table 1). In sections of pancreas of the animals of group 1 showed positive Dithizon reaction
for zinc in the form of red granules of Zn+2-Dithizon complex (Fig. 1A) filling cytoplasm of B-cells. In the
sections of animals group 2 with diabetes reaction for zinc is negative (Table 1, Fig. 1B) that is caused by
almost complete selective destruction of B-cells. The similar results obtained using of 8TSH reaction: a large
amount of zinc in B-cells of intact animals — the intensive bright green luminescence of a complex Zn+2-
8TSH (Fig. 1B) in compared with expressed negative reaction in B-cells of animals with diabetes (Fig. 1G,
Table 1) was observed. Diabetes in animals of group 2 was confirmed by using of aldehyde-fucshin method
of staining: destruction and death of majority p-cells and marked decreasing of insulin content in 3-cells.
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Table 1

Insulin content in pancreatic B-cells in animals with experimental diabetes in relative units (r.e.)

Blood glucose
Insulin content in pancreatic -cells Initial blood glu- level 8 days after
Ne Experimental (r.e.) cose level (MM) inject-tion of
conditions Dithizonu (MM)
8-TSH reaction Dithizon reaction
(zinc) (zinc)
1 | Intact rabbits 2,024+0,05@ 1,94+0,08" 4,9+0,4 -
(n=26) (n=23)
2 | Diabetes caused by 1,08+0,03 @ 1,04+0,02"° 5,24+0,5 16,3+3,5
Dithizon (rabbits) (n=18) (n=19)
3 | Intact mice 1,95+0,03* 1,82+0,04+ 4,1+0,3 -
(n=24) (n=24)
4 | Diabetes caused by 1,03+0,03* 1,05+0,02+ 3,8+0,4 9,7+0,8
Dithizon (mice) (n=16) (n=18)

e * % +p<0,001; n — number of measurements.

1B 1T

1 A- Intact rabbit. Injection of Dithizon, 49,8 mg/kg. Red granules of complex Zn+2-Dithizon in cytoplasm of B-cells.
Dark microscopy; x280; 15 — Rabbit. Diabetes caused by Dithizon 7 days after injection. Absence of granules
of complex Zn+2-Dithizon in destroyed B-cells; on periphery A-cells. Dark microscopy; x280;1B- Intact rabbit.
Injection of 8TSH, 39,4 mg/kg. Bright green fluorescence of complex Zn+2-8TSH in B-cells. Fluorescent microscopy;
x280; 1T'- Rabbit. Diabetes caused by Dithizon 7 days after injection. Negative reaction for zinc in p-cells.
Fluorescent microscopy; x280

Figure 1. Histochemical reaction for zinc in B-cells in experimental diabetes
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It is known that in process of formation of the Zn"™-complex with diabetogenic derivatives of 8-
oxyquinolin atom of zinc is fixed between S or O atoms in position 8, and N or O atoms — in positions 1 or 2

(Fig. 2).

N—C=N—NH
C s/ C “OO
N In NH t:
/ Ng SO;— zn
NH~N=C=—N=N
CH,
Dithizon 8-TSH

Figure 2. Chelat complexes Zn"-Dithizon and Zn"-8TSH

Diabetogenic derivatives of 8-oxyquinolin have in the 8 position of quinolin ring active OH" radical or
other radicals contains atoms of S, N or O. Six isomers of 8-oxyqunolines not contains in this position of
such radicals or atoms or if these radicals were extracted from a molecule — were not capable to form com-
plex salts with zinc and not possess completely diabetogenic properties [13, 14]. It was necessary to return
the active radicals in position 8 for to restore diabetogenic activity of substance [13, 14]. Formation of the
chelat-complex by atoms of O and N result formation of pentagon or hexagon rings [13].

Pentagonic rings are evidently more stable. In case if atoms of sulfur participate in formation of chelates
and then most stable are quadrangular rings (Fig. 2). Electrons of the lone pair of electrons are displaced
from nitrogen donor-atom located in the first position to zinc atom. In experiences with various isomers of 8-
oxyquinolin dependence according to which the maximal toxicity possess isomers which are forming che-
lates of structure 1:1 with metal and have a stability constant logarithm equal 7,6 and above to 9,4 [13].
The complexes of derivatives of 8-oxyquinolin possess high toxicity for B-cells formed with zinc have a
high rate of logarithm of a constant of stability, equal 8,5. G. Weitzel and coll. [15] confirmed that the com-
plex of structure 1:1 contains 1 molecule of 8-oxyquinolin and 1 atom of zinc is most toxic for cells.

High durability of the Zn"*-Dithizon complex 2:1(Fig. 2) determined by space elongation of molecule
of Dithizon and disposition of two phenolic rings on the ends of a molecule that does not prevent the atoms
of sulfur and nitrogen located in the center of a molecule to approach zinc atom. Besides, atom of zinc is lo-
cated between two atoms of nitrogen and sulfur, regarding to which affinity of zinc is very high and exceeds
affinity to oxygen. At last, two molecules of Dithizon having totally larger number double connections in-
creases toxicity of the Zn-Dithizon complex.

Isoniazid, a anti-tuberculosis drug, is capable to form strong five-membered chelates with zinc. Perhaps,
it is exist some relation between this property and facts of marked xanturenuria and more high frequency of
diabetes in patients treated by Isoniazid taking into consideration that Isoniazid is antagonist of pyridoxal-5-
phosphate [16].

High specificity of Dithizon for identification of zinc confirmed by results of comparative spectral
analysis of spectrum of absorbance of complex Zn"-Dithizon extracted from B-cells with the similar artifi-
cial complex formed in vitro. The maximum of absorption of both ranges was identical and made 530 na-
nometers [7].

Thus, both methods of histochemical identification of zinc in cells of tissues of bodies allow to reveal
zinc-chelator complexes in cells using of dark microscopy and luminescent microscopy with quantitative
measuring. Advantage of 8TSH method is more high sensitivity. The most important advantage of Dithizon
method is ability to form the Zn"-Dithizon complex in p-cells not in the form of homogeneous color but in
the form of the bright red granules which are settling down in the form of various density of scatterings in
cells accordingidirect dependence of concentration of zinc in various parts of islets and B-cells.

It, in turn, give the exclusive chance for precise studying of character of a histotopography of zinc in -
cells which are settling down in various parts of pancreatic islets that is essential for investigation in detail of
mechanisms of diabetogenic action.
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Regarding preparing of frozen sections of pancreas tissue. We obtained better results keeping the fol-
lowing conditions: 1) temperature in frozen camera of cryostate to keep between -18 and — 20 °C. At temper-
ature more than -23...-24°C pancreas tissue over is frozen; 2) metal holder of tissue must be cooled in
cryostate camera before fixation on it of pancreas tissue; not using water on a holder for fixing tissue as ice
will complicate preparing of sections; 3) for removal of section it is enough to straighten of it and to touch
carefully it with a warm microscope glass, having waited so far it well will finish then glass with sections to
remain in the same place, in a freezing camera; 4) for investigation of histotopography of zinc in pancreatic
islets the more suitable sections of pancreas gland is thickness equal of 4 mem, and for the quantitative as-
sessment 6—7 mcm.

Some restriction for both methods is need of use of frozen sections. This restriction this same time have
advantage as freshly frozen sections is not exposed to any types of processing procedures (fixing, dehydra-
tion and others) which could to influence on revealing of zinc. Both methods are single highly specific con-
cerning identification of zinc not only in pancreas tissue, but also in prostate and in the salivary contains a
large amounts of zinc.

Meanwhile 8TSH-method can be used also in work with the fixed samples of tissues, however it is pos-
sible only using as fixing liquid of 70° ethanol enriched with the H,S allowing to besiege zinc ions in p-cells.
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I'.T". Meiipamos, A.)K. Illait6ek, I'.T. KaptbaeBa, E.M. JlaprommuHa,
A.P. Anuna, O.-H. Jronont, O.J1. KoBanenko, II1.K. Eneynaesa

YHKbI Oe3ingeri NaHKpeaTUT apajlibIKTAPbIHAAFbI B-KacyIadapbIHAAFbl MbIPbILI
HOHAAPBIH IM(peHUITHOKAP0A30H KoHe §-nmapa(ToryoJicy/ib(POHUIAMUHO) XHHOJIMH
(TCX) kemeriMmeH ruCTOXMMHUSIIBIK AHBIKTAY JKOHE OaraJiay

Yiikel Oesingeri P-xacylanapblHIarbl MBIPBII OHBIH JKacyllajga Jerno KYHiHAe CaKTalyblH KaMTaMachl3
ereni. OHBIH Kypambl [-)KacylIaJapbIHAAFbl HHCYIUH CHHTe3Zey KaOureTiH kepcereni. IlaHkpeaTHTTIK
[B-xkacyiranapbIHAAFbl MBIPBILITH AHBIKTAY YIIiH YJITAJaFbl METAJABIH MOHIAP KYPaMbIH THCTOXHMHMSIIBIK
onmicrep Tannaybl HoTHKeciHIe OalikaiiMbl3. Makanana [-xacylianapblHAaFbl MBIPBIITEL  aHBIKTAy/a
KETUINIPIIreH THCTOXMMHUSUIBIK 9JIiCTepAiH HOTMKeci OepinreH. 3epTTey HOTHXECiHe KepceTiireH: 1) yiKbl
6e3 yimachl KeCiHIICiH KaJIBIHABIFBIH 1,5 ece — 6-7 MKM-IeH 4 MKM JeifiH a3alTbll, AWTH3O0HIBI SMICTi
KOJIZIaHFaH/1a MBIPBILI THCTOTONOrpausACH 3epTTEye €H JKOFapFbl HOTIDKE Oepeni; 2) skaHyapiapra AUTH30H
JI03aChIH TOMEH CHII3TeH JKarjaiiia aHaJorThl HOTIXE Oepeni; 3) aBropiap OypbIHbIpaKTa YCBIHFaH[AM,
UCTOMIIIOOPHUMETPUKANIBIK KELICHII 3epTTey IKacylIafarbl METal KYpaMblH 3MIIUPHKAIBIKTAH CaHIbBIK
Oaramayra KelIyre MYMKIHAIK Oepeni; 4) Oosurran TYHipmiik ¢opmaga JUTH30HHBIH MBIPBIIIIIEH KeIeH
KYPYBl MBIPBIII THCTOTONMOTPa(UsChIH 3€PTTEYIE KAKCHI HOTIKENEp anyblH OaifkaTa/ibl, JFOMHHECIICHTTI
¢moopoxpomMabl malganany OapeichiHAa Mmambipay dddexrici Oalikanmaiiapr, 5) yikel 06e3iH op Typii
PEeKUMIE My3/IaTy ocepi HOTWXKECIHIE KeCiHminepai 3eprreyme eH »kakcel HoTwke 18 mo -22 °C
TemImepaTypaga Oaifkammer; 6) MuIpeiutsl 107-10° opexene KOHUGHTpaumsga —AaHBIKTAyAa HEFYpPIBIM
cesiMTai auTu3oH b xoHe TCX omicTepiH KeleH i KOoJIaHy apalllibIKTapaFbl MBIPBILI KYPaMbIHBIH TOJIBIK,
Tajgay HOTHKeciH Oepeni. OcbUiaiiina, ajblHFAaH HOTHKENEp [B-)Kacyllanapsl MEH HHCYIMHII CHHTE3ICY
OeiiMIiIiri MeH YHKbI 0€31 yImackIMeH KYMbIC 0apbICHIH/Ia THCTOXUMISIIBIK 9IiCTep Il KOJIaHy MYMKIHJITIH
KeHeHTe .

Kinm ce30ep: yiKbl 0e3i, MaHKPEATUT apajIIbIKTaphl, P-)Kacymanapsl, THCTOXUMHUSUIBIK dJicTep, IUTH30H,
8-para(toluenesulphonylamino)quinolin, MBIpBIII, HHCYINH, TUCTOTONOTPAa(Us, CAHIBIK Oaraiay.

I'.T". Meiipamos, A.2K. Illait6ek, I'.T. KaptbaeBa, E.M. JlaprommuHa,
A.P. Anuna, O.-H. Jronont, O.JI. KoBanenko, II1.K. Eneynaesa

I'mcroxumuveckoe BhIsIBJICHUE U OIIEHKA COAePKAHUS HOHOB IIUHKA B f-KjeTKax
NAHKPeaTH4YeCKUX OCTPOBKOB IMOIKeJIYT104HOI Kejie3bl ¢ IOMOUIbI0
audennnTuo-kap6asona u 8-napa(roayoJscyiabdonmiamuno)xunonauda (TCX)

W3BecTHO, 4TO comepammuiicss B P-KIE€TKaxX IMOPKETYIOYHON JKeJe3bl IUHK IMPUHAMAET Ba)XKHOE ydacTHe
B 00pa30BaHUHN €T0 JEMOHUPOBAHHON (OPMBI XpaHeHHs B KieTke. OIeHKa ero ComepiKaHHs MO3BOJISIET Cy-
IUTh O CIIOCOOHOCTH [B-KJIETOK CHHTE3WPOBaTh WHCYIHMH. sl BBIABIEHHMS LUHKA B ITAHKPEATHUECKUX
[-KIIeTKaX M OLEHKH €ro COZepKaHHs CYLIECTBEHHOE 3HAaUCHHE NMEET HaJIM4Yue COBEPIICHHBIX METOJ0B I'HC-
TOXMMHMYECKOTO aHaln3a COAEPMaHHUs MOHOB 3TOr0 MeTajula B TKaHH. B paboTe mpencTaBieHbl pe3ynbTaThl
COBEpIICHCTBOBAHHS METOIMK I'MCTOXHMUYECKOTIO BBIABJICHHS IMHKA fB-kietok. [lokasaHo, 4yto: 1) yMeHb-
IIEHNE TOJIIIMHBI CPE30B TKAHU KeJe3bl B 1,5 paza — ¢ 6—7 MKM 10 4 MKM — JaeT HauIydIlue Pe3yIbTaThl
IIPU HCCIIEJOBAaHUHM TUCTOTONOrpadMM IIMHKA B OCTPOBKAaX IPU HCIIOIL30BAaHMHM AWTH30HOBOTO METOHA;
2) aHAJIOTHYHBII pe3ysIbTaT JaeT CHIKEHHE BBOAUMOM JKMBOTHBIM JIO3bI TUTH30HA; 3) HCIIOJIL30BAHUE TIPE-
JI0)KEHHOTO paHee aBTOpaMy T'HCTO(II0O0PHMETPUIECKOTO KOMIIIEKCa 00eCIIeuuBaeT Iepexo]] OT IMITHpHIe-
CKOHM K KOJIMYECTBEHHOH OLICHKE COAEpXaHHs MeTajula B KieTke; 4) ¢opmupoBaHne KoMIiekca AUTH30HA
C IMHKOM B BHJE OKpAIICHHBIX TPaHyJ AaeT Jydllde pe3yabTaThl MPU HCCIESJOBAaHUH THCTOTOMOrpahpuu
LIMHKa, TaK KaK OTCYTCTBYeT 3((deKT pacceuBaHMs, HAOIIOAACMbIH IPH HCIOIb30BAHUH JTIOMUHECLIEHTHBIX
(GIt0OpOXpOMOB; 5) HCCIIECOBABAHNE BIMSAHUS PA3JIMYHBIX PEKUMOB 3aMOPO3KH TKaHH JKeJIe3bl IPH MPHUTo-
TOBJIEHMU CPE30B I0KA3aJl0, YTO HAWIYYIIME PEe3yIbTaThl HAOIIOJAIOTCA MPH TEMIEpaType 3aMOpPO3KU
B mpeenax oT -18 1o -22 °C; 6) Haubosiee MONHbIE Pe3yIbTaThl aHAIN3A COICPKAHMS IHHKA B OCTPOBKaX [a-
eT KOMOMHUPOBaHHOE NMpUMeHeHHe quTH30HoBoro 1 TCX-Merona, sBistomerocst 6ojee TyBCTBUTEIBHBIM U
I103BOJISIOIINM BBISBIATH [HHK B KOHLEHTPALHUAX, paBHbX 107-10" crenenu. Takum oGpa3oM, HOIydeHHbIE
pe3yNbTaThl NO3BOJIIOT CYHMIECTBEHHO PACIIUPUTH BO3MOKHOCTH IPHMEHEHUS IMCTOXUMHUUYECKHX METOZIOB
npHu paboTe ¢ TKAHBIO MOMKETYJOYHON JKEJe3bl, YTO MO3BOJISIET MOTYYHTh JOMOIHUTENBHO OOLIMPHYIO HH-
(bopMarMIo 0 COCTOSIHUHU B-KJICTOK M MX CHHOCOOHOCTU CHHTE3HPOBATh HHCYJIMH.

Kniouesvie cnosa: mopkenynodHas jxele3a, IaHKPEaTHYECKHE OCTPOBKH, [-KIETKH, TI'MCTOXHMHYECKHE
METOJbl, IWTH30H, 8-mapa(Toiyoscynb(OHUIAMUHO)XHHONNHA, IMHK, WHCYJIHH, THCTOTOMNOrpadusi,
KOJIMYECTBEHHAs! OIICHKA.
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