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High specific fluorescent method staining of zinc-insulin complex
in pancreatic B-cells

Authors demonstrated results using of high specific fluorescent method histochemical staining of Zn'?-ions in
pancreatic B-cells. It was showed in diabetic animals and in animals past mobilization of insulin from B=cells
a simultaneous decreasing as of amount of insulin as of Zn"%-ions in cytoplasm of B-cells. Meanwhile for-
mation in B-cells of chemical complexes of derivatives of Diethyldithiocarbamic acid with Za *-ions result
negative fluorescent reaction for Zn"2-ions but positive reaction for insulin using of insulin staining methods.

Key words: insulin contents, immunohistochemical, immunofluorescent, pseudoisocyanine»and aldehyde
fuchsine methods, pancreatic B-cells.

It is known that pancreatic B-cells contained a large amount of ions of Zinc [1-3] as salivary glands and
prostate. In B-cells zinc ions take part in processes of biosynthesis of insulimias in of storage of insulin by
forming of zinc-insulin complex [4, 5]. Pancreas of rat, rabbit;"dog, cat, some fish, human, birds, mice, ham-
ster, porcine, hoerst, contained a large amount of zinc. Using of‘electron:microscopy histochemical method it
was showed that that zinc concentrated in B-cells in B-granules only contained deposited form of insulin [6]
and destruction of B-cells caused by Dithizon which formed in B-cells toxic complexes with zinc-ions, start-
ed by destruction of B-granules [7].

Widely known methods staining of insulin, @s immunohistochemical, immunofluorescent, diethyl-
pseudoisocyanine and some other methods are specific for insulin only but not for staining of zinc ions. Very
often in diabetes and intact B-cells there are is'a quantity correlation between insulin and zinc ions content:
decreasing of insulin content accompanied by decreasing of amount of zinc ions and in opposite, in intact
B-cells a large amount of insulin accompanied bysa large amount of zinc-ions. Meanwhile for estimate abil-
ity of B-cells for storage of insulin in cells\it is necessary to use method of staining of zinc-ions whereas
staining of insulin is indirect method for to estimate concentration of zinc ins in B-cells.

Aim of work: to study resultusing of high specific fluorescent methods revealing of zinc ions by using
of 8-para(toluenesulphonylamifio)quinolin (TSQ), a high specific for Zn"-ions reagent [8, 9] which formed
complex «zinc-TSQ». TSQ is aderivative of 8-oxyquinolin and synthesis was elaborated by Prof.
N.N.Voroshzov in 1930°710]. In.UV-light with maximum of absorbance as 360-370 nm, this complex fluo-
resces brightly green light [11]. Specificity for zinc ions of this method was confirmed in vitro by interaction
of pure zinc ionswith TSQ«that result intensive green fluorescence of solution; using of spectral analysis it
was confirmed{presence in solution of «zinc-TSQ» complex and correlation of maximum of absorbance of
this complex.withypure complex synthezed in vitro. Sensitivity of this method is high and concentration of
zinc as 107—10 "% revealed using it [8]. This same time in TSQ is TSQ possess a high diabetogenic activity
and injection of 40-50 mg/kg result necrosis, destruction and death of absolute majority of B-cells within
20—-30'min past formation of complex «zinc-TSQ» in B-cells [12].

Materials and methods

8 rabbits (2450-2680 g) and 3 Guinea Pigs (320-370 g). Group 1: 3 animals with diabetes caused by
Dithizon (48,8-51,6 mg/kg); Group 2: intact rabbits; Group 3: 3 animals past administration of Na salt of
diethyldithiocarbamic acid (DCA) (504 and 987 mg/kg) that result temporary non toxic binding of zinc in
B-cells; Group 4: 2 Guinea Pigs past administration of DZ (49,5-52,8 mg/kg) and 2 intact Guinea Pig.

Preparing of Dithizon water-ammonia solution: Dithizon (Avocado Chem. Company, USA) —
200 mg.+ 15 ml. of bi-distilled water + 0,25 ml of 25 % ammonia, 10 min mixing on temperature +70° Cel-
sius.

78 Bulletin of the Karaganda University



High specific fluorescent method ...

Staining technologies

1. Fluorescent reaction with TSQ. 0,04 % ammonia solution of TSQ was used. Staining procedures:
a few drops of TSQ solution place on frozen sections for 10 sec.; 3 times wash by distilled water and investi-
gation on UV-light microscope with measuring of intensity of fluorescence (intensity of fluorescence in con-
trol was accepted for 1,00; length of wave of light — 360 nanometers. For quantitative estimation of results
of measuring intensity of fluorescence parameter K was calculated as relation: Intensity of fluorescence of
B-cells IF1/ Intensity of fluorescence of exocrine tissue cells IF2 (IF1/IF2); intensity of staining of exocrine
tissue cells was accepted for 1,00 using of histofluorimetrical complex constructed by G.G.Meyramov and
coll. [13] (Fig. 1).

1 — UV-lamp; 2 — photo-electronic multiplier; 3 -~~diaphragm for a choice of B-cells; 4 — electric device
Figure 1. Histofluorimetrical complex for measurement.amount of zinc-insulin complex in pancreatic B-cells

2. For insulin staining the Immunohistochemical (anticorps for insulin from DAKO, Denmark) and
Pseudoisocyanine [14] (SERVA, Germany) methods was used. For quantitative estimation of results of
measuring intensity of fluorescencesparameter K was calculated as relation: Intensity of fluorescence of
B-cells IL1/ Intensity of fluorescence of .exocrine tissue cells IL2 (IL1/IL2); intensity of staining of exocrine
tissue cells was accepted for 1,00: For quantitative estimation of results of measuring density of staining
B-cells by Immunohistochemical method parameter K was calculated as relation: Density of staining of
B-cells IG1/ Density of staining of exocrine tissue — 1G2 (IG1/1G2); intensity of staining of exocrine tissue
cells was accepted ford,00.

For histological analysis Victoria-4 histochemical method (MERCK, Germany) was used [15-18].

Results

1. Groupyl. Immediately past injection of Dithizon (DZ) negative reaction for zinc ions was revealed in
B-cells contraryto positive reaction for insulin (fig.2.1, 2.2) that is determined by binding of all amount of
zinc in cells by/DZ. As result zinc ions not formed with TSQ visible fluorescent complex in cytoplasm of
B-cells. Intensity of fluorescence of B-cells: K(IF1/IF2) = 1,04+0,02; control: intact B-cells: K =2,02+0,07
(p<0,001). Insulin content in B-cells: K(IG1/1G2) = 1,88+0,02 IL1/IL2 = 2,06+0,08 (Table).

2. Group 2. Animals with diabetes caused by injection of DZ (50,2 and 47,6 mg/kg) 7 days ago. Nega-
tive reaction as for zinc-ions with TSQ as for insulin revealed in B-cells on frozen sections of pancreas tissue
(fig. 2.3, 2.4) that demonstrated absence in cytoplasm of B-cells as of zinc-ions as of insulin in result of ne-
crosis and destruction of cells: K(IF1/IF2) = 1,08+0,03; control: intact B-cells: K =2,00+0,08 (p < 0,001).
Insulin content in B-cells: K(IG1/1G2) = 1,12+0,02; IL1/IL2 = 1,07+0,06 (Table).

3. Group 3. Injection of Na salt of diethyldithiocarbamic acid (DCA) result forming in cytoplasm of
B-cells of not toxic complex zinc-DCA for a few hours. A negative reaction for zinc-ions (fig. 2.5) was re-
vealed in B-cells past injection of DCA that is explained by formation of complex zinc-DCA that is why
TSQ not formed fluorescent complex zinc-TSQ in cells [7]: K = K(IF1/IF2) = 1,02+0,04; control: intact

«Biology. Medicine. Geography» Series. No. 4(72)/2013 79



A.G.Meyramova, K.-D.Kohnert et al.

B-cells: K=1,98+0,05 (p <0,001). Positive reaction for insulin (fig. 2.6). Insulin content in B-cells:
K(IG1/1G2) = 1,85+0,04; IL1/ IL2 = 2,02+0,07 (Table).

07 2.1 — Pancreatic islet of intact rabbit. TSQ
*, fluorescent reaction for zinc. Intensive flu-

- orescence (a large amount of zinc in

B-cells); UV-light microscopy; x140;

' 2.2 — Pancreatic islet of intact rat. Victo-
ria-4 staining method. Normal content of
deposited insulin in B-cells (bl
color); x280;

2.1

" 2.3 — Pancreatic is tic rats. TSQ

islet of diabetic rats. Vic-
g method. Decreasing of in-
b ontent in B-cells and of size and
' ; number of islets in sections; x280;

23

2.5 — Pancreatic islet of rabbit. DCA
987 mg/kg. TSQ fluorescent reaction for
| zinc. Completely negative reaction for zinc
(absence of fluorescence) determined by
" not diabetogenic temporary binding of
zinc-ions by DCA; UV-light microscopy;
x140;

) 2.6 — Victoria-4 staining method. Normal
content of deposited insulin in B-cells
a‘-vg (blue-violet color); X280

Pig contrary to many other animals (rabbit, rat, dog, fish, cat, hamster,
s and biochemical nature of processes of insulin storage in B-cells of Guinea

or zinc-ions with TSQ was revealed in B-cells: K = (IF1/IF2) = 0,98+0,04; control:
' K=1,97+0,06 (p<0,001). Insulin content in B-cells: K(IG1/1G2) = 1,82+0,04;
Table).

Negative
intact B-cells
IL1/1L2

Table
Insulin and Zinc content in pancreatic B-cells (parameter K)

. . Insulin (IG, IL) and Zinc content (IF) in B-cells (parameter K)
No. Conditions of experience insulin (1G) insulin (IL) Zinc (IF)
1 |5 min. past injection of DZ 1,88+0,02* 2,06+0,08* 1,04+0,02
2 | Diabetes caused by DZ (48,8—51,6 mg/kg) 1,12+0,02* 1,07+0,06* 1,08+0,03*
3 |DCA (987 mg/kg) 1,85+0,04 2,02+0,07 1,02+0,04
4 | Guinea Pig (intact) 1,82+0,04 1,91+0,05 0,98+0,04
5 |Rabbit (intact) 1,92+0,04 2,02+0,06 1,98+0,06*

Note. * — p < 0,005.
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Discussion

In 1961 E.Boshevolnov and G.Serebrarakova informed about ability of TSQ, a derivative of
8-oxyquinolin, to form in vitro complexes with Zn-ions and with ions of Cadmium (Fig. 3, 4).

Figure 3. 8-para(toluene- Figure 4. Complex Zn'* — 8-para(toluene-
sulphonylamino)quinolin (TSQ) sulphonylamino)quinolin(TSQ)

Zn"*-TSQ complex radiates intensive green fluorescence under UV-light 360—370\nm length of wave
and Cd-TSQ — intensive yellow fluorescence that was confirmed by spectral analysis of spectrum of ab-
sorbance. Past long time prolonging testing in Institute of High Pure Chemicals (Moscow) TSQ was pro-
posed as fluorescent reagent for identification of very small amounts ofizinc in solutions and tissues. Later in
laboratory of Lasaris Y.A. and coll., Karaganda, TSQ was tested for revealing‘immvitro and in intact and dia-
betic animals of a large amount of zinc-ions. TSQ is high specific reagent forstaining of zinc-ions in pancre-
atic B-cells. Now there are not other methods for revealing of zinc-ions in B-cells. It is known that zinc-ions
take part in processes of storage of insulin by formation of complex zinc-insulin in B-cells. Very often there
are parallelism between content of zinc and insulin in cytoplasm of B-cells and is possible to stain insulin in
B-cells for estimate a content of zinc-ions in cells.

Results of using for many years of this method revealing of'zinc-ions showed that in 3 cases method
demonstrated a full coincidence with content of insulintin B=cells: 1) in intact animals; 2) in animals with
experimental diabetes; 3) in animals after removing of zinc-insulin complex from B-cells by drugs. That is
why this method can be used not only for estimate:of zinc<ions content in B-cells but for insulin content too.

In one case results of TSQ-reaction can not correspond to quantity contained of zinc-ions in B-cells:
some chemicals formed complexes with zinc in B-cells for short period and this time in fluorescent reaction
for zinc will be negative despite of presence a large amount of metal in cytoplasm of cells.

This method demands following,conditiens: for fixing of tissue of a pancreas to use the alcohol sated
with hydrogen sulfide (H,S) on, to| use, sections of frozen pancreas tissue. Filters for UV-microscopy:
UV-filter between UV-lamp and microscope and yellow filter for ocular of microscope.
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2+
IHankpearThiK B-kacymanapaa Zn. HOHAAPBIH 00y/IbIH
JKOFapbl apHaYJIbl THCTOXUMMSIIBIK d1icTepi

ABropiap B-kacymianapia MbIpbIII MOHIAPbIHCAHBIKTAHTBIH JKOFapbl apHAyJbl JIIOMHHECLEHTTI oficTi
KOJIIaHyIbIH HOTIDKENIEpiH KepceTkeH. bip mesrimge toxipubenik nuaderrte B-kacymramapia sxoHe OCHI
KeneH i B-kacyianapaan xyMbUIABIPY Ke3iH/€ e MBIPBII HOHbI MEH MHCYJIMH MOJILEPiHiH TOMEHeHTiHI
kepcerinred. COHbIMEH KaTap jkacyllagapia MBIPBII HOHAAPBIHBIH JHITUITHOKAPOOAMHUH KbIIIKBIIBIHBIH
TYBIHIBIIapbIMEH GailJIaHBICHl — MBIPBIII HOHAAPbIHA KYPT Kepi ocep, all HHCYJIHHIe ailKbIHAAIFaH OH dcep
eTYIMEH KaTap *Kypei.

A.I".MeiipamoBa, Ki-/[.Korepr, A.M.AfiTkynos, A.P.Anuna, ['.0.)Ky30aeBa,
3.T.KsicraybaeBa, AIT.Auapeesa, O.JI.KoBanenko, A.A.XKy3xacaposa, C.C.TeipxxanoBa

N . +2
Bricokocnenu(pIHbBIN ITMCTOXUMHYECKHMH METO OKPACKH HOHOB Zn
B IaHKpeaTuyecKux B-kierkax

ABTOpaMU NOKA3aHbI Pe3yIbTaThl HCIOJIB30BAHNS BEICOKOCTICU(HIHOTO JIIOMUHECIIECHTHOTO METO/A BBISIB-
JICHUS UOHOB IIMHKA B B-kierkax. OTMEueHO, 4TO OJHOBPEMEHHOE MapajlIeIbHOEC CHIKEHHE COACPIKaHUSA
HOHOB NUHKA)M WHCYJIHMHA HaOMoaeTcsl B B-ki1eTkax npu sKcliepuMeHTaIbHOM AnaleTe U rmocie MoOmIn3a-
11K KoMIlTeKca u3 B-kietok. Mexxay TeM CBA3bIBAaHUE MOHOB I[MHKA B KJIETKAaX MPOU3BOAHBIMU JUITHIIH-
THOKapOAMHUHOBOH KHMCJIOThI CONPOBOXKAAETCS PE3KO OTPHULATEIBHON peakiieil Ha LIMHK ¢ COXPaHEHHEM XO-
POLLO BBIPAXKEHHOM MOJI0KUTENBHON peakue Ha UHCYJINH.
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