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Influence of derivatives of oxyquinoline on state of gistostructuse
as of insulin and zinc content in B-cells of the isolated pancreaticislets

Authors investigated the nature of the direct effect of the diabetogenic derivatives of 8-hydroxyquinoline
(TSQ) on pancreatic B-cells in experiments on a tissue culture model of isolated pancreatic isletsy(IPI), which
allows us to study the direct effect of target concentrations of investigated substance onsCells, whereas'in ex-
periments on animals, the metabolism of a substance injected into the body withdhe subsequentieffeetiof me-
tabolites on B-cells is not excluded. In experiments with IPI of newborn rats, TSQ was added to the nutrient
fluid; after cultivation, the material was fixed in Bouin liquid. Histologicaléand highly specifi€ histochemical
methods specific for insulin and zinc in B-cells were used to assess the insulin confentlimyB-cells and the state
of the islet’s histostructure. Results. It was shown that the direct effect of TSQ ‘omyB-cells is accompanied by
cell destruction and a significant decrease of insulin and zinc confent,(from 1.68<I»74 pu in intact islets to
1.04-1.18 pu in experience), which is the reason for the destrucfion of islets and the development of type 1
diabetes. When choosing research methods, the most complete results are obtained by using of a complex that
includes two methods — histological or combining the propegties ofthistological and histochemical and one
of the histochemical specific method for insulin and zinc in B-cell§, In manual selection of purified pancreatic
islets, the number of damaged IPIs is several times less cofiipared to'the other methods.

Keywords: isolated pancreatic islets, B-cells, insulinf*zings, 8-0Xyquinolin, experimental diabetes, aldehyde-
fucshin method, diethylpseudoisocyanine method.

Introduction

Pancreatic islets of animals and fiumans contains a large amounts of deposited insulin in the form of
complex with zinc [1-4]. Method offisolationyof pancreatic islets using of collagenase proposed by R. Lacy,
M. Kostianovsky in 1967 [5] hasyobvious, advantages due to the possibility for investigation of direct effect
of various concentrations of theyinvestigated substance on the -cells contrary to the model of animal exper-
iments.

Objective of the studys in experiments with the direct effect of diabetic chemicals on isolated pancreatic
islets to investigate the naturg of direct effect of the one diabetogenic derivatives of 8-hydroxyquinoline on
the state of histostiuctuse and insulin content in pancreatic B-cells, as well as of zinc ions involved in the
formation of By¢ells ofithe deposited form of insulin [2]. There are parallelism between the content of insulin
and zinc in_B-cells [3, 6-8]. It is known that some antimicrobial drugs widely used in clinical practice in-
cludes theffollowingy containing 8-hydroxyquinoline derivatives as an active component of the some antimi-
crobial, drugs. Its antimicrobial effect is determined by the ability of 8-hydroxyquinoline to form complex
Salts with metals, including zinc of the active part of bacterial enzymes which is accompanied by inactivation
of.enzymes and subsequent death of bacteria [7].

At the same time, the goal was to try to adapt the histochemical methods of staining insulin and zinc to
the tissue model of isolated pancreatic islets in order to obtain high-quality results achieved when working
with tissue sections of a fixed pancreas.

Experimental

Animals: 18 neonatal rats 4-5 days old.

Groups:

Group 1: intact isolated pancreatic islets.

Group 2: isolated pancreatic islets after pre-cultivation with 8-para(toluenesulphonylamino)quinolin
[TSQ] 3.8 and 4.2 mg/100 ml.
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Group 3: isolated pancreatic islets after pre-cultivation with Dithizon, 5.0 and 5.2 mg/100 ml.

Isolation of pancreatic islets by collagenase according R. Lacy and M. Kostianovsky [5]. The pancreas
tissue was disaggregated 3 times in 2 % collagenase solution (Boehringer Mannheim, Germany), washing in
Hanks solution. Selection of isolated islets using of two ways: 1) separation in the density gradient of dex-
tran; 2) manual selection. Pre-cultivation of the intact IA of control group for 1 h in RPMI-1640 nutria medi-
um (SERVA, Germany) with 5.5 mM of glucose and of fetal serum. In experimental groups islets were ex-
posed for 20 min. in RPMI-1640 medium with 3.5-3.8 mg/100 ml of 8-para(toluenesulphonylamino)-
quinoline [TSQ] (IREA, Institute of Pure reagents, Moscow) and with Dithizon, 5.1-5.2 mg/100 ml. At the
end of the exposure, islets were washed in Hanks solution after which — precultivation in fresh portion of
RPMI-1640 medium. Fixation of islets in Bouin for 45—60 min.

Features of embedding of islets into paraffin. The main task was to prevent the islets fromgsettling,toithe
bottom of the container with paraffin, distributing them as evenly as possible vertically in thé paraffin block.
Staining of sections using of 2 methods for insulin: aldehyde fuchsine (<cMERCK», Germany) [9—11]¢and
fluorescent N,N’-Diethylpseudoisocyanine chloride («<SERVA», Germany) methods [12—14] Staining of
zinc by high specific histochemical luminescent reaction with 8-para(toluenesulfonylamino)quinoline (TSQ)
was used [6, 15—17]. For this reaction islets were fixed in 70° ethanol + H,S was used which ensures the con-
servation and fixation of zinc ions in -cells. The content of deposited insulin an@ Zinc fons in B-cells was
measured by histofluorimetric method in relative units (r.u.) using of depéndence of zinc concentration on
fluorescence intensity of B-cells by calculation of parameter K [18, 19]. Immunohistechemical method for
staining of insulin [20] using standard kits (<DAKO», Denmark) was alsojuseds

Calculation of the parameter K for Diethylpseudoisocyanine and TSQWuminescent methods for insulin
and zinc ions in B-cells: K = IF1/IF2, where IF1 is intensity of fluorescence of{B-cells; IF2 is intensity of flu-
orescence of B-cells of damaged isolated pancreatic islets. The direct dependence was used in the calculation:
more intensive fluorescence of cytoplasm of B-cells correspondite the higher content of insulin and zinc in
B-cells [19]. Calculation of indicators for light opticaly microscopy (aldehyde fuchsin method):
K = AB2/ABI1, where ABI is absorbance by B-cells of ifttactiisolated pancreatic islets of rat rats; AB2 light
absorbance by damaged B-cells. An inverse direct relationship was used: the higher light absorption (color
density) correspond to a large amount of insulin whereas\low absorbance correspond to the low content of
insulin and zinc in B-cells. For the quantitative. assessment a histofluorimetric complex based on a light mi-
croscope and microphotographic camera with integratedydiaphragm for selective photometry of islet B-cells
[18, 19]. All data were calculated statistically Using t=Student test.

Results

In sections of intact islets markedipositive reaction for insulin and zinc in B-cells was demonstrated by
all methods, the most demonstratiye by using of N,N’-Diethylpseudoisocyanine and by aldehyde-fucshine
methods for insulin correspgndly: 1°74 + 0.03 p.u. and 1.72 + 0.04 as by immunohistochemical methods —
1.70 £ 0.05 p.u. and for zinc — as 1.68 = 0.03 p.u. (see Table). In islets treated by Dithizon and by TSQ, a
marked decrease of thé content¥as of insulin and zinc in B-cells was showed in comparison with B-cells of
intact islets (see Table)s Intact islets without any changes of the state of histostructure (see Fig. a—d). In islets
treated by TSQ & markedshistological changes were revealed as destruction and death of cells, pycnosis of
nuclei in combination With marked decrease of insulin and of zinc content in -cells by all methods.

Table
Insulin and zinc content in B-cells of isolated pancreatic islets (r.u.)

Insulin and zinc content in B-cells after action of TSQ and Dithizon (o.e.)
No. Islets . Aldehyde fuchsin Diethylpseudoiso- | Immunohistochemi-
8-TSQ (zinc) IFVIF2 | o0 lin) AF1/AF2 | cyanin (insulin) | cal method (insulin)
1 ntact 1.68 +£0.03 1.72 £ 0.04 1.74 £ 0.03 1.70 £ 0.05
(n=16) (n=18) (n=12) (n=12)
. 1.18£0.03 1.12+0.04 1.04 +£0.03 1.06 £ 0.02
2 |After action of TSQ (n=15) (n=19) (n=15) (n=12)
. o 1.12+0.04 1.08 +0.03 1.03+0.03 1.08 £ 0.04
3 |After action of Dithizon (n=19) (n=16) (n=21) (n=12)

Note. p <0,005 for all values.
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a — Isolated intact pancreatic islet. Aldehydefuchsin. Histostructure without changes#Insulin cemfent without
changes in B-cells (dense violet color of the cytoplasm); x280;

b — Intact islet. Diethylpseudiscyanine. Insulin content without changes in B-cells (intense bright fluorescence);

x140;

¢ — Intact islet. Immunohistochemical method. Insulin content without changes in‘scells (brown color); x2840;

d — Intact islet. Positive reaction for zinc with 8TSQ (bright luminescgnce of the Zn-8BSQ complex); x140;

e — Islet treated by 8TSQ. Alde- hydefuchsin. B-cell’s destruction, decrease in insulin content; UV-microscopy;
x280;

f— Islets treated by 8TSQ. Diethylpseudiscyanine. Destructioghef islets, decrease of insulin content in B-cells;
x140;

g — Islet treated by 8TSQ. Immunohistochemical method.“Besttuction of islet, decrease of insulin content in
B-cells; x280;
h — Islet treated by 8TSQ. A negative reaction for zidein B-cells; x140.

Eigure

Aldehyde fucshin staining — fromgl.72 40.04"in intact islets until 1.12 + 0.04 r.u. in islets treated by
TSQ); Staining by 8TSQ (zinc) — from 1168 + 0.03 r.u. in intact islets until 1.18 + 0.03 r.u. in islets treated
by TSQ; Staining by Diethylpseudoisocyanine (insulin) — from 1.74 + 0,03 r.u. in intact islets until
1.04 £ 0.03 r.u. in islets treated by TSQ5iStaining by immunohistochemical method — from 1.70 = 0.05 r.u.
in intact islets until 1.06 + 0.02w.u.inlislets treated by TSQ (Table). In islets treated by Dithizon (DZ): Alde-
hyde fucshin staining — from 1.72)+0.04 in intact islets until 1.08 = 0.03 r.u. in islets treated by DZ; Stain-
ing by 8TSQ (zinc) —ffem 1.68=+ 0.03 r.u. in intact islets until 1.12 + 0.04 r.u. in islets treated by DZ;
Staining by Diethylpsgudoisaeyanine (insulin) — from 1.74 £ 0.03 r.u. in intact islets until 1.03 + 0.03 r.u. in
islets treated by DZ;s Staining by immunohistochemical method — from 1.70 £ 0.05 r.u. in intact islets until
1.08 £ 0.04 r.ugin islets treated by DZ (see Table).

Discussion

Results’showed that derivatives of 8-oxyquinolin induced like Dithizon destruction and death of B-cells
and a markedidecrease of insulin and zinc content in B-cells, which is involved in the formation of the depos-
itedgform of insulin in B-cells. The indicated changes were pointedly identified using of the all used
histochemical methods (see Fig.). Meanwhile, we noted a reduced insulin content in B-cells of neonatal rats
in compared with adult animal cells [18], which can be explained by the insufficient accumulation of hor-
mone in P-cells by the 4-5-day neonatal period. Regarding the characteristics of individual methods, it
makes sense to note the following. The widely used immunohistochemical method of staining insulin is high
specific. Meanwhile this method is not very suitable for studying the state of the histostructure. The aldehyde
fuchsin staining method has advantage over immunohistochemical technic regarding possibilities to in-
vestigate state of histostructure and of histotopography of deposited insulin in islets. Using additional stain-
ing by Halmi mixture, one can describe in detail the nature of the histological changes in the islets including
state of a-cells, which significantly increases the value of obtained results. A relative disadvantage of the
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aldehyde-fuchsin method is that it is not strictly specific only with respect to insulin, since some hormones of
the adenohypophysis are also stained with it. However, in relation to pancreatic islets, it can surely be con-
sidered specific, since other hormones are not produced in B-cells and only insulin can stain. As for the
N,N’-diethylpseudoisocyanine staining method, it is strictly specific for staining of insulin and highly sensi-
tive, allowing, like the luminescent reaction to zinc to detect substances at concentrations of 107—107[1, 12,
17]. A relative disadvantage of luminescent methods is the use of intermittent slides prepared ex tempore,
which dry quickly enough after painting. Based on all the many years of previous experience, the authors
believe that is more preferable for this kind of research to use a pair of methods, for example, aldehyde
fuchsin and N,N’-diethylpseudoisocyanine or immunohistochemical technic. In the possibility to use only
one staining method — the choice of the aldehyde fuchsin method is no doubt. Regarding selection of islets,
authors prefer results obtained by careful manual selection of purified islets in which it is possible®oshave a
culture containing no more than 1-3 % of the islets damaged during procedures of isolationf*while when|se-
lection using a density gradient, their number can reach 8—15 % [5]. The use of such an nsufficiently puri-
fied culture can significantly distort the results of the study.

Conclusions

1. The diabetogenic effect of 8TSQ, a derivative of 8-hydroxyquinolines, whi€hcausessdestruction and
death of B-cells with the development of type 1 diabetes, is determined by it§ directhidamaging effect on
B-cells that result destruction and death of cells.

2. Optimal is using of at least of two staining methods of: aldehydeifuchsin,.for description in details of
histological changes and at the same time for staining of insulin in B-cells and N,N’-diethylpseudoisocyanine
or immunohistochemical methods high specific for staining of Ansulin. In therabsence of the possibility of
using two methods, the choice of aldehyde fuchsin as the only one iS\net in doubt.
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OKuay/jaHFaH NaHKPEATHKAJIBIK apajAapAbiH f-KacymiajapbIfaFbl
HUHCYJHUH MeH MBIPBIIITHIH KYPAMbIHA jK9HE THCTOKYPbLIBIMbIHBIH
AKAFJalibIHA OKCUXUHOJIMH TYBIHAbLIAPBIHBIH dcepi

Astopnap 8-oxcuxuHonuHHIH (TSQ) nuaberoreHi TybIHABUIAPHIHBIH YIKBI Oe3iHIH [EKICTRachHA, TiKeIeh
acep €Ty CHIATBIH 3epTTeleTiH 3aTThIH OepiireH KOHIEHTPAIMSICHIHBIH JKACYyIIAjaprd TIKejeH  acepiH
3epTTeyre MYMKIHAIK OepeTiH OKIaylaHFaH ITaHKpeaTHKaiblK apanmapasily, (IPI) (TiniHiH MonmeHuer
MOJEINIH/Ie 3epTTeIreH 3aTTapblH JKacyllara TiKeleH ocepiH 3epTTeyre MyMKIHIIK Oepii, ayl skaHyapiap
ToKipuOeciHme ar3aFa CHrI3UIETiH 3aTThIH MeTaboNu3alusachl Tepicke MbifapbliMaran. JKaHa TyraH
ereykyipsikrapasiy [P1 Toxipubenepinge kopektik oprara TSQ KOChUIIbI; €cipylieH KeiiH Marepuai Bysu
CYHBIKTBIFbIHA ~ (UKcaumsanipl.  B-xacymiamapiarbl  MHCYJIMHHIH —~ KypaMblH  JKOHE — apaijap.blH
THCTOKYPBUIBIMBIHBIH KaFAaiblH Oaranay YIIiH [-kacymianapbiHa| MHCYJIMH MEH MBIPBIIIKA KaTHICTBI
THCTOJIOTHSUIBIK, JKOHE JKOFaphl CHenU(UKAIBIK ojicrep Kommanbupgsll \Hmmwxecinge TSQ P-xacymanapra
Tikenel ocepl KONTereH apajlibIKTapaa XacyllalapAblH AeCTPYKNMsCHIMEH >KOHE OHJArbl WHCYIMH MEH
MBIPHII KYPaMBIHBIH €Jeyli TOMEHAEYIMEeH KaTap Xypeii, Oy japalIblKTapAblH Oy3bUTysl MeH 1 THITI
IUaOeTTiH JaMybIHBIH ce0ebi OoNbIn TaObuIafgbl. 3epTTey, oHICTOPIH TaHIAy Ke3iHAe HEFYPIBIM TOJBIK
HOTIKENep €Ki oJiCIeH — TUCTOJIOTUSUIBIK HEMEEe, TMETOJIOTHSIBIK JKOHE THCTOXMMMSUIBIK JKOHE
[B-kneTkanapaarbl MHCYJIMHI HEMece MBIPHIIITH AHBIKTayFa KaTbIChl 0ap Oip THCTOXUMUSUIBIK KaCHETTEepiH
OipikTipeTiH KemieHai KongaHyabl Oepexi. Ta3apThUifaH MAHKpPEAaTHKAIBIK apajjapAbl MaHYyallbIbl ipiKTEy
ke3inze 3aKkeiMaairal [P1 canel 6acka ogicTepMeH canbIETRIprania OipHeie ece a3 00abL.

Kinm ce3dep: oxuiaynaHFaH NAHKPEATHT apaIbIKTaphbl, B-)kacyliaigap, WHCYJIUH, MBIPHII, SKCIIePUMEH-
TaJIbIbI TUA0ET, albaeTH/-()yKCHHIBKMETO T, MASBHANICEBION30IIHAHNHIB IiC.

I'.I'. Meiipamos, K.-aKonepr, B.1. Kopuun, I'.O. XKyz0aesa, A.Il. Auapeena,
I".T. Kapt0aeBa; AJK. [1laiibexk, JI.M. Mkambaesa, JI.A. MeiipamoBa

Bausinue HPOU3BOAHLIX OKCHUXUHOJIHMHA HA COCTOAHME THCTOCTPYKTYPbI
" COACPKAHME MHCYJIMHA H IMHKA B B-KﬂeTKaX HN30JIUPOBAHHBIX
MAaHKPEATHYC€CKUX OCTPOBKOB

ABTOpamMK HECIIEIOBAH XapaKTep MPSIMOro BIMSHUS AnabeTOreHHBIX NPOU3BOAHBIX 8-okcuxuHommHa (TSQ)
Ha B-KIGTKM MOKETyIOYHON JKeJie3bl B ONBITaX Ha MOJIETH KyJIbTYPHl TKAHU M30JMPOBAHHBIX ITaHKpPEATH-
JecKuxdocTpoBkoB (IPI), koTopast mo3BOIAET M3YyUUTH NPSIMOE BIMSHHE 3aJaHHBIX KOHIIEHTPALUH HCCIemye-
MOTO BEILIECTBA Ha KJIETKU, TOTAA KaK B OMBITaX Ha JKUBOTHBIX HE HCKIIOYEHA METabONIN3alis BBOAUMOTO B
OpraHm3M BeIIECTBa C MOCIEAYIOUIMM BO3IeHCTBHEM MeTabomuToB Ha B-kieTku. B ombitax ¢ IPI HoBopox-
JIGHHBIX KPBICAT B ITUTATEIbHYIO cpeay nodasieH TSQ; mocie KyJbTHBUPOBAaHMS MaTepuai GpUKCHPOBAIH B
xuakocTu bysHa. [/ OLleHKH Co/iepyKaHusl MHCY/IMHA B 3-KJIETKAaX U COCTOSHUS THCTOCTPYKTYPbI OCTPOBKOB
UCIIOIb30BAHbI THCTOJIOTHYECKHE M BBICOKOCHENM(UYHbIE B OTHOIICHHM HHCYIMHA M IUHKA B [-KIETKax
rucToxuMudeckne Metonsl. [lokaszano, uro npsimoe Boszeiictsre TSQ Ha (-KIETKH CONMPOBOXKAAECTCS NECT-
PYKIHEH KIETOK B OOJIBIIMHCTBE OCTPOBKOB W 3HAUYUTENHHBIM CHI)KEHHEM COJEpIKaHMS B HUX HHCYIMHA U
IIHKA, YTO SIBJISIETCS MPUYMHON pa3pyIIeHUst OCTPOBKOB U pa3BuTHA nuadera 1 tumna. [Ipu BeiOOpe MeTon0B
uccreIoBaHNsl Hanbosee TOMHbBIE Pe3yNbTaThl AaeT MPUMEHEHNE KOMIUIEKca, BKIIIOYAIONIETO Ba METOAa —
THCTOJIOTMYECKUI MITH COUETAIONINH CBOMCTBA TUCTONIOTHYECKOTO U THCTOXUMHUYECKOTO U OJHOTO M3 THUCTO-
XUMUYECKHX, CIIEIU(UYHBIX B OTHOIICHUHN BBIABICHUS MHCYJIMHA WM IMHKA B B-kieTkax. [Ipu manyaasHOM
0TOOpE OUHIIEHHBIX TAHKPEATHIECKUX OCTPOBKOB KOJIMUECTBO MOBPEkAeHHBIX IPI B HECKONbKO pa3 MeHbIIE
10 CPAaBHEHHIO C APYTUMHU METOAAMHU.
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Kniouesvie crnosa: m301upoBaHHBIE MAHKPEATHYECKHE OCTPOBKH, B-KIETKH, MHCYNIUH, IIUHK, KCIIEPUMEH-
TaJIbHBII 1abeT, aabaAeruaA(yKCHHOBBIN METO, IU3THUIINICEBON30IIMAaHUHOBBIA METOI.
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