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Indirect method of histochemical assessment of insulin content
in pancreatic p-cells

L 2
Methods for analysis the state of histostructure and insulin and zinc content in pancreatic tiss es
mate either a state of histostructure alone or visual insulin content in B-cells. Zinc content i thegson-
tent of deposited insulin and the ability of B-cells to form this form of hormone is possib itional
method that increases the volume of work and complicates investigation. Authors h method
that allows to simultaneously evaluate both the state of the histostructure and the ive content of de-
posited insulin and zinc in B-cells of the pancreas. It has been experimentally both the alde-

s in B-cells can be
and zinc in B-cells.
sulin staining and the

hyde-fucshsin method of insulin staining and Dithizone method for staining

separately used simultaneously for quantitative analysis of the content of dep@si
It has been experimentally confirmed that both the aldehyde-fucshsi
Dithizone method of detecting zinc in B-cells can be separately usedsi sly for quantitative analysis
of the content of deposited insulin and zinc in B-cells. The use of bothigmethods*allows not only to assess the
state of the histostructure, but to assess the content and functi f B-cells to synthesize insulin, as
well as to form its deposited form using zinc.

Pancreatic islets of a number of animals (rabbits, dogs, cats, hamsters, mice) contain significant
amounts of zinc ions [1]. There are indic at zinc has an important role in the formation of a deposited
form of insulin in B-cells [2, 3], so t sized hormone is stored in cells and excreted into the blood
depending on the level of glugese i
firming the formation of the
sessing the histostructure o
which in combination grea plicates the conduct of research.

The purpose,of t S
the pancreas, foll thejustification of the choice of one of the histochemical methods, which makes it
possible to asses

comparing the results of visual research;

ii) assess the content of zinc and insulin in cytoplasm of B-cells using quantitative histophotometric
analysis by comparing the obtained data;

iii) in experiments using the complete elimination of insulin from the cytoplasm of p-cells to estimate
the content of zinc and insulin visually and quantitatively comparing the results.

2 groups of animals: Group 1 — injection of 2 % water-ammonium solution of Diphenylthiocarbazone
(Dithizon, DZ), which forms the red granules of Zn-DZ chelat complex in B-cells observed in the sections of
the frozen gland of pancreas using of technique of dark field microscopy, which was previously confirmed
by the method of spectral analysis of the absorption spectra of extracted from [-cells of the complex in com-
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parison with the artificially obtained in vitro similar complex [4]; Group 2 — rabbits; elimination of deposit-
ed insulin from B-cells by repeated oral administration of Glibenclamide, 25 mg/kg within 3 days. 2 parts of
pancreas tissue were used: the first was frozen in cryostat with the subsequent microscopy of frozen sections
in a dark field. The second part was fixed for 24 hours in the Bouin liquid.

To evaluate the content of insulin in paraffin sections of the pancreas, an aldehydfuschine color method
is used, which allows to evaluate both the content of insulin in B-cells and the state of the islands of the is-
lands. The most important advantage of this method in comparison with others is the possibility of studying
the histotopography of insulin in B-cells. Slices with a thickness of 4 ym were painted on insulin with
aldehydfoxin [5], zinc content in B-cells was evaluated by a quantity assessment in the relative units of the
granite of the ZN-DZ complex.

For a quantitative assessment of the content of deposited insulin in -cells of light absorption, f@r which

the microfluorimetric complex [6, 7] was used based on FEU-31, combined through a micrograph a mi-
croscope (Fig. 1).
The obtained digital data were processed statistically using Student's t-test. ¢

—_—

Composition of the complex™d
FEU-31 photo-electronic multipli€ ptonage with the adjustable diaphragm built into the field,

entral part of the islets containing B-cells

e quantitative assessment of the content of insulin and zinc in V-cells

-cells localized in places of hormone exocitosis around the islet capillar-
one. The assessment of insulin coatings in the pancreatic islands was car-
in terms of indicator of light absorption K, determined by the formula:

ndence (K1 = A2/A1, where A1 is the intensity of the light absorption with B-cells con-
taini nd A2 — weakly absorption of exocrine tissue cells that do not contain insulin). That is, the
denser ring — the more light it is absorbed by a photometer, respectively, the lower the size of the
phototock @nd the higher the insulin content. When using a dytison method of zinc coloring, a direct propor-
tional dependence was used (K2 = A1/A2, where A1 — gluttonization of painted -cells and A2 — lltoy
glow of the surrounding fabric). That is, the more intense the color of the B-cells-the more light goes on a
photometer and vice versa [7, 8]. For each option, 30 measurements of zinc and insulin accumulations were
performed in B-cells located around the intra-regional capillaries.

Results

In painted by aldehydefucshine pancreatic tissue drugs of intact animals, saturated purple color indi-
cates the presence of a large amounts of deposited insulin in the cytoplasm of B-cells (Fig. 2.1), which con-
centrates in the places of hormone around the islet capillaries.

Cepusa «Bbrnonorusa. MeguumHa. M'eorpacumsa». Ne 1(109)/2023 161



G.G. Meyramoyv, K.-D. Kohnert et al.

B-cells at the contact with the endothelium of blood capillaries; x280. 2 — Pancreatic rabbit islet after administration of 47.2 mg/kg
Dithizone; histotopography: Zinc-DZ granules are maximally concentrated around the capillaries, adjacent to the endothelium; x280;
3 — Pancreatic rabbit islet after insulin elimination from B-cells by Glibenclamide, 15 mg/kg repeatedly within 3 days. Aldehyde
fucshine staining; the absence of violet color indicates almost complete absence of insulin in -cells; x280; 4 — Pancreatic rabbit
islet after elimination of insulin by Glibenclamide and followed administration of 48.6 mg/kg of Dithizone; almost complete absence
of Zn-DZcomplex in B-cells; there are only single granules of the complex; x280; 5 — Pancreatic island intact rat. Painting with
Victoria 4R reagent. Insulin is colored dark blue; in pink around the periphery — A-cells; x280; 6 — isolated intact pancreatic islet.
Painting with Victoria 4R reagent. Dark blue colored insulin; x280; 7 — Pancreatic island intact rat. Coloration by
immunohistochemical method. Insulin is colored brown. Histostructure unchanged; x280; 8 — isolated intact pancreatic islet. Color-
ation by immunohistochemical method. Insulin is colored brown. Histostructure unchanged, x280

Figure 2. Accumulation of insulin in B-cells
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In frozen sections of pancreas of intact animals after administration of 47.6 mg/kg of Diphenyltio-
carbazone (DZ) 5 min after injection, a large amounts of chelat complex of Zn-DZ visible as bright red gran-
ules that filled the cytoplasm of B-cells (Fig. 2) were formed in p-cells.

A visual study of the histotopography of zinc and insulin in the pancreatic islets showed: the maximum
amount of zinc and insulin were concentrated at the poles of -cells that directly contact with the endotheli-
um of capillaries (Fig. 2.1 and 2.2). Visually the localization of zinc and insulin did not differ. To obtain
more convincing objective data, a quantitative assessment of the results was carried out

The results of the quantitative investigation of the content of insulin in B-cells did not reveal any relia-
ble differences between the content of zinc and insulin in B-cells (Table), which is like confirmation of exist-
ing assumptions regarding the fact that insulin forms in B-cells a deposited form in the form of a complex
with zinc.

To obtain additional direct evidence, experiments were carried out with selective elimination oflinsulin
from B-cells by Glibenclamide. The results convincingly indicate that the excretion of insuili
by a sharp lowering of its content, up to the complete absence in B-cells, was also ac
moval of zinc ions from B-cells in the same quantities (Table 1, Fig. 2), as evidenced
to zinc in B-cells. There were no accurate differences at the same time.

Table

Quantitative assessment of the content of deposited insulin and zinc in p-gg lative units, O.E.)

Concentration of granules of complex of granules of deposited
Ne Groups of animals Zn*%-DZ in cytoplasm of p-cells #'cytoplasm B-cells (A%Atin-
(AYA?index) (o.c.) dex) (o.e.)
1 Group 1 6.84+0.42 7.08+0.29
p n=28 n =30
Group 2 (mobilized by 13120, 1.28+0.09
2 insulin from B-cells by _ _
. . n=26 n=232
Glibenclamide

The histological and specific histochemi@al methods of insulin staining in B-cells allow estimating its

content mainly on the basis of visual a is\using light-optical or luminescent microscopy. Equally im-

nefeontent in B-cells, given the existing ideas that zinc is involved in

ne in B-cells. In zinc-deficient conditions, or after zinc elimina-

tion together with insulin fro libenclamide mobilizing from B-cells together with insulin and
zinc, may be created to disr tion of a deposited form of insulin.

Meanwhile, two mai s are used for histochemical detection of zinc ions: Dithizone staining
with the formation of lex Zn-DZ (4) in B cells in the form of bright red granules, or by using of
fluorochrome tolu mino) quinoline (TSC), which forms a high specific complex Zn-TSC lumi-
nescent with bri rescence [8]. Both methods are high specific to the recovery of zinc ions. The
account the experience we have accumulated earlier, which suggests that there is
a markedyp i tween the content of insulin and zinc in p-cells, to detect histochemically simultane-

N3 C using the same method? Is it also possible to argue that zinc and insulin ions are not a
etal ions localized in the cytoplasm of B-cells separately, but a single complex that is a depos-
ulin? Now, there are positive opinions on this matter, but no specific experimental confirma-
tions of thi’have been given in the literature.

The results of the histopholuorimetric investigation by us are quite convincing that the insulin content in
B-cells of the pancreas not only visually, but also quantitatively coincides with the zinc content. In experi-
ments with elimination of insulin from B-cells showed that excretion of insulin is accompanied by simultane-
ous excretion of zinc. If zinc and insulin in B-cells were positioned as separately localized components, the
excretion of insulin should not be reflected on the zinc content. The obtained results indicate that zinc is in-
volved in the formation of the deposited form of insulin not just as a catalyst of the process, but as a compo-
nent that binds to insulin and forms its deposited form as a Zn-insulin complex. Thus, by the content of insu-
lin in preparations stained for insulin, the content of zinc can be estimated and vice versa: by staining of zinc
using a reaction with Dithizone, the content of insulin in - cells can be estimated in parallel. With regard to

the formation of a deposited
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the question of whether it is possible to limit the use of only one of the methods in order to evaluate the con-
tent of the other component in B-cells, it is advisable to use both methods, taking into account the presence of
certain advantages for each of them. For example, the aldehydfucshine method allows staining not only insu-
lin, examining the histotopography of the hormone in B-cells, but also estimate of state of other cell struc-
tures of pancreatic islets and cells of the exocrine tissue, so that the value of information in describing the
state of the histostructure of the tissue increases significantly. A relative disadvantage of the Dithizone meth-
od of zinc staining is the short-term existence of sections of frozen sections of pancreas tissue. Its advantage
is the absence of the necessity of using a number of procedures in the process of preparation and staining of
sections of pancreas tissue.

The procedure for coloring pancreatic tissue with Gomori aldehydfuxin in our modification (time item
11.14 was specified, item 17 was added: 1) xylene — 5 min; 2) xylene No. 2 — 5 min; 3) xylene@-5 min;
4) abs. alcohol 100° No. 1-5 min; 5) abs. alcohol No. 2—-5 min; 6) alcohol 80° — 5 min; 7 dl i
5 min; 8) oxidizing agent — 2 min; 9) 2 % oxalic acid solution before discoloration; 1 er —
5 min; 11) aldehydfuxin (“MERCK,” Germany; “SERVA,” Germany) — 5-7 min; 12) i
1-differentiate; 13) 70-acidic alcohol No. 2-differentiate; 14) Halmi mixture — 1 min; 1
5 min; 16) distill. water 2-5 min; 17) abs. alcohol No. 3-5 min; 18) abs. alcohol
lene — 5 min; 20) xylene 2—5 min; 21) imprisonment in a balm. Result: insulin & stains violet A-cell

yellow.
Conclusions

1. The results of visual and quantitative assessment of insulin andin t in pancreatic B-cells in-
dicate a complete correlation of results, which in turn confirmsghe particigation of zinc as an integral part in
the formation of the deposited form of insulin.

2. The most preferred method of studying the content a
toplasm of pancreatic B-cells is the Dithizone method of itsd

graphic distribution of zinc in the cy-
lor in B-cells.
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K.K. bnsnosa, K. Enbminna, A.I'. MeiipamoBa

IMankpeaTnkanapiK B-:kacymagapaarbl HHCYJIHH KYpaMbIH
THCTOXHMMHUSIBIK Oarajiay/blH TikeJeilemec dfici

T'MCTOKYPBUIBIMHBIH JKai-KyHiH >XoHe YHKbl 0e3i yINachlHAAFbl MHCYJIMH MEH MBIPBIUTHIH KYpaMbIH
GaranaynblH Kasipri oficTepi TMCTOKYPHUIBIMHBIH JKai-KYHiH FaHa Oaranayra Hemece [-)kacymraiapiarbl
WHCYJIMHHIH KYpaMbIH Ke30eH Kepin Oaramayra MyMKiHAIK Oepeni. JlemoHMpIieHTeH MHCYIMHHIH KYpaMbIH
JKoHe [3-)kacymmanmapIbslH TOPMOHHBIH OCHl (pOPMACHIH KAIBIITACTHIPY KaOUIETiH KOPCETeTiH MBIPBIITHIH
KypaMBIH KOCHIMIIIA 9[IiCTIH KeMeriMeH Oaranmayra Oomajabl. By skyMbIC KesleMiH aHTapibIKTail apTThIpas!
JKOHE 3epTTey KYPri3ydi KUbIHIATanbl. ABTopyap Oip Me3riiie TMCTOKYPBUIBIMHBIH JKali-KYHiH, COHIai-aK
yiikpl Oe3iHiH [B-KacyliamapblHIaFbl IEMOHUPICHICH HHCYJIHH MEH MBIPBIITHIH MOIIEpiH Oar a
MYMKIHZIIK OepeTiH oicTi maimananyasl yeblHAbL MHCYMHHAI 00syabIH anbaerua-QyKkCHuH fici,
B-xacymanapaarsl MBIPBILITEl aHBIKTAYIBIH IUTH30HIBIK SAici Oip Mesrimme nenonnpnenre’ﬂn H

KYpaMblH CaHJABIK TalJay YIIiH MaiifanaHsurybl MyMKiH. Exi omicTi maianmaHy THCTOKYPBUIBL H
0971
T

Hi
KyiliHe Oara Gepim KaHa KoiMaii, B-)kacyiianap/blH HHCYJHHAI CHHTE3/CY KYpambl MEH b
KaOineTTepiH Oaranayra, COHali-aK MBIPBIII KOMETiMEH OHBIH ACHOHHPIICHTEH (opMachHfKal

a
MYMKIHIIK Gepeni.

Kinm ce30ep: yiixpl 6e3i, 3-kacynranap, THCYJIMH, MBIPBILI, TUTH30H, THCTOKYPBUIBIM.

I'.". Meiipamos, K.-JI. Konept, A.K. Illaii6ek, ®.C. A6
K.K. bnanosa, K. Enpmmna, A{ .

a, K.C. Temupeesa,

Henpsimoit MeTOA rMCTOXUMHYECKOH OLIEHK
B MaHKpeaTu4ecKkux - X

AHUA HHCYJIMHA

CyImecTByIOMUe METOABI OLEHKH COCTOSIHUSI [HCTOCTp 13 JepKaHus] MHCYIIMHA U IIMHKA B TKAaHH
COCTOSIHHE THCTOCTPYKTYPHI, JIH0O0, B JIydIIeM
YKaHUE I[IHKA, CBUICTENBCTBYIOIIEE O COMeP-

HHUBaTh OJJHOBPEMEHHO KaK COCTOSIHH YKTYpPBI, TaK ¥ KOJIMYECTBEHHO COJEp)KaHHEe JEIOHNPOBaH-
HOTO MHCYJIMHA U IIMHKa B B-KIie 0 YHOM JKelie3bl. DKCIIEPUMEHTAIBHO MOITBEPKICHO, YTO KaK
JIbJIeTH - () yKCHHOBBIN HCYJIMHA, TaK W JUTHU30HOBBII METO] BBIBICHUS LUHKA B [-
KJIETKaX MOTYT IO OTJe
HHS U ICIOHUPOBAHHOTO
KO JIaTh OLIEHKY COCTQ

B-K11eTOK CHHTE3UPO a ICYJIVH, a TAKXKE C TIOMOIIBIO IIMHKA (POPMHUPOBATH €r0 ICMOHHUPOBAHHYIO (hopMy.
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