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Histophotometric complex for quantitative estimation
of Insulin and Zinc Content in Pancreatic B-cells

It is presented a developed and constructed histophotometric complex for quantitative evaluation in relative
units of content of deposited insulin and zinc in insulin-producing B-cells of histologicpreparations-of pan-
creas. The method previously used in similar studies was based on a visual assessment/of the results of color-
ing the preparations, or a more accurate quantitative one under the conditions of using universal complexes,
including a microscope with built-in measuring devices (photometers), the disadvantage of which is, as a rule,
a very high cost limiting the possibility of their use. In addition, such complexes, in connection with their
universality, are not suitable for studies related to the study of the functional state of pancreatic B cells using
highly specific histochemical methods for detecting insulin. The authors aimed to develop and create a study-
oriented histophotometric complex of zinc and insulin in B cells, created using inexpensive components,
which would help make quantitative analysis significantly more aceessible to researchers working in the field
of experimental diabetology.
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Introduction

Histochemical methods for estimation of functional activity of pancreatic B-cells possess at least a few
advantages in compared with biochemical.methods for assessment of the ability of pancreatic B-cells to syn-
thesize insulin: 1) the researcher assesses the insulin content in the B-cells by direct observation of cells us-
ing of micro- scopy, while biochemical methods give a digital assessment, not allowing to observe cells vis-
ually; 2) histochemical and histological methods allow, in addition, to analyze the state of the histostructure
of B-cells and of pancreatic tissue, which improve the value of the results.

The disadvantage of histochemical methods for assessing the results of insulin measuring is the approx-
imate amount of hormone in B-cells, based on a visual investigation of the color density or intensity of fluo-
rescence of hormone. Factory made microscopes with photometric devices with built-in photometric devices
have two significant drawbacks: 1) they do not allow to diaphragm of pancreatic islet’s central part, contains
only B-cells in the photometry field, thereby allowing photometry of cells of the exocrine pancreas, which
have nothing to do with insulin synthesis; 2) such optical systems are almost always universal, that is, very
expensive, because they include a number of other functions that do not have any special need for investiga-
tors.

Experimental

Authors are proposed a developed and manufactured histophotometric complex for selective photome-
try of B-cells after staining by specific for insulin and zinc methods adopted for light and ultraviolet micros-
copy as aldehyde-fucshin staining, diethylpseudoisocyanine methods, staining by Dithizon and
immunohistochemical method [1-6, 8, 9]. In the supplement to the complex, repeatedly tested and refined
cal- culation methods have been developed that allow estimate the insulin and zinc content in B-cells.

The system includes the following components: 1) microscope; 2) a light source (a lamp of the usual
part of the spectrum and an ultraviolet lamp with opag-porthole); 3) microphotosystem MFN-2 (LOMO)
with a built-in lobe diaphragm that allows us to diaphragm the central part of pancreatic islet containing
B-cells, that is why is excluded the possibility of photometry of A-cells and, especially, cells of exocrine tis-
sue. The diaphragm was mounted as close as possible to the photomultiplier tube, above ocular for to prevent
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light flux scattering. The design of the optical part of the system is completed by photomultiplier tube. The
complex includes a power component with five measuring ranges for the photocurrent value and a
microammeter (Fig. 1, 2), the readings of which (in microampers (nA) are the initial data for calculation of
insulin and zinc content in B-cells as relatives units (r.u.). The used filters: UVS-1 located between lamp and
microscope; and yellow filter locking light filter fixed on ocular of microscope. Used optic: objective x40;
oculars: x3 or x4. Note: If necessary, the photomultiplier tube is easily replaced by a camera for micropho-
tography of the studied B-cells.

1 — UV-lamp; 2 — a petal diaphragm built into microscope; 3 = photomultiplier ®9VY-31; 4 — opaqg-porthole;
to the right of the microscope: microammeter and electrical unit

Figure 1. Histofluorimetric complex onithe base of microscope «Biolam-R»

a) b)
1 — handle for to open diaphragm

Figure 2. Diaphragm is open minimally (a); diaphragm is open (b)

Methods for investigation of insulin and zinc content in pancreatic B-cells

In frozen sections or sections of fixed pancreas tissue stained for insulin and zinc using highly specific
methods [1-10]; the fluorescence intensity of B-cells is measured in microamperes (LA) of a islet’s central
part contains B-cells. The required number of studied islets is 20-25. For the first B-cells of control intact
animals contains a normal amount of insulin and zinc are examined; calculation the arithmetic mean of mA
(M=m) of the fluorescence intensity; similarly measure the intensity of fluorescence of B-cells of experi-
mental animals, for example, with diabetes, which is always much lower than normal.

The direct proportional dependence was used in the calculation: the more intense fluorescence result the
higher light flux going to the photometer and the higher the content of insulin and zinc in B-cells.

For histochemical methods adopted for light optical microscopy (aldehyde-fuchsin, immunohisto-
chemical, Victoria-4 method with dimethylnaphthylmethane staining reagent, color index 42563) the inverse
dependence is used to calculate the parameter K, namely: the higher insulin content — result more intensive
density of staining of B-cells — that result a lower intensity of the light flux goes to the photometer and the
lower the photocurrent value expressed in pA.
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1 — insulin, intact islet 2 —”insuAl-in; diabetes:..

3 — insulin, intact islet 4 — insulin; diabetes...

7 — zinc; intact islet 8 — insulin; diabetes...

1, 3, 5, 7— intact islets; 2, 4, 6, § — destruction of islets; staining by aldehyde-fucshin (/, 2);
diethylpseudoisocyanine (3, 4), dithizon (3, 6); TSQ (7, §)

Figure 3. Insulin and zinc content in pancreatic B-cells of intact and damaged islets in diabetes
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The results presented in Table 1 and in Figure 3 showed that most marked differences of the quantita-
tive assessment of insulin and zinc content in intact and damaged B-cells were obtained using high specific
luminescent staining methods of pancreatic islets, as well as using of Dithizone method. Staining by using of
aldehyde-fuchsin method and the Victoria 4 method, accompanied by additional staining of other cellular
structures result increase of the total color density in addition to colored of B-cells for insulin, which result
increasing of the value of density of color, which characterizes the level of insulin in the B-cells. Fluorescent
histochemical methods staining of insulin or zinc only without staining of other cellular structures, due to
which the assessment of hor- mone and zinc content in B-cells are that is why more accurately.

Table 1
Quantitation by photometry of Insulin and Zinc content in control and diabetic pancreatic B-cells
No. Staining technology Intact Diabetes
S 1.89+0.08 0.42+0.04*
1 |Aldehyde-fucshin (insulin) n=18 n—23
. . S 1.96+0.06 0.23+0.01%**
2 |Diethylpseudoisocyanine (insulin) n=120 n=25
*
3 |Dimethylnaphtylmetan (Victoria 4R) (insulin) 1'24:3'408 0’5n6i01' 86
o . 2.04+0.05 0.20£0.01**
4 |Dithizon (zinc) n=31 n=28
. 2.00+0.03 0.16£0.01**
5 |TSQ (zinc) i34 n =130

Note. Values are represented as milliampere (mA + SD); *p<0.005; **p<0.001 vs. controls.
Conclusions

1. Histofoto- and fluorimetric complex allows performing two main functions: 1) quantitative measur-
ing of the content of deposited insulin and zinc in B ¢ells; 2) visual observation and microphotography of B-
cells of pancreatic islets; thus, the final protocol of the investigation includes: 1) digital data on the content of
insulin and zinc in B-cells; 2) data describing a'visual investigation of state of histostructure of tissue; 3) mi-
crophotographs of pancreatic islets

2. The complex consists of inexpensive and affordable components, which makes it many times cheaper
than universal prefabricated complexes
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YiikbI 0e3iHiH B-akacymajapbiHIaFbl HHCYJMH KYPAMbIH CAaHABIK 0arajiayra
apHaJFaH TUCTO(GOTOMETPHUSJIBIK KellleH

¥iKpl Oe3iHiH I'MCTOJIOTMSUIBIK HPENapaTTapblHbIH MHCYJIMH IIbIFApaThH B-KacyllanapelHIarbl CaKTallFaH
HMHCYJIMH MEH MBIPBIITHIH KYPaMbIH CaJbICTBIPMAaNB! OipIiKTepAe caHAbIK Oarajiay YIIIH 931pJICHTeH KoHE
KYPacTBHIPBUIFaH THCTOGOTOMETPIMSIIBIK KEIICH YCHIHBUIFAH. DByYphIH MyHJalf 3epTreynep KesiHpae
TalJanaHbpUIaTeIH  OMIC TpenapaTTapAslH Oosly HOTIDKENepiH BHU3yalael Oarajmayra HeMmece omOeOar
KeIIeHepli KOJJaHy >KaFlaiblHIa MOIipeKk CaHIBIK Oarajayra HETi3JelreH, OHBIH INIHAE KipiKTipiareH
enuiey KypbUIFbuiapsl (poTtomerpriepi) 6ap MHKPOCKON KipeTiH, OHBIH KEMILNiri, Oarachl KOFapbl
OosrFaHIBIKTaH, ONApAbl MaiijanaHy MYMKiHIiri miekteyni OonateiH. Byman Gacka, MyHIail KemeHiep
oJapAblH  oMOeOanThifblHA ~ OAMNIAHBICTBI  MHCYNWHAI  aHBIKTAYJbIH JKOFapbhl MaMaHJaHIBIPBUIFaH
TMCTOXUMUSIIBIK 9JiCTEpiH MalaanaHa OTHIPHIN, MAaHKPEaTHKAIBIK B-xxacymanapasiy GyHKIMOHANIBIK XKaii-
KYHiH 3epTTeyMeH OailIaHBICTBI 3epTTEyNep YIIIH a3 jkapaMabl. ABTOpiap KbIMOAT eMec KOMHOHEHTTepAl
TalanaHa OTBIPHIN KYpalFaH THCTO()OTOMETPUSUIBIK KEIIeH Il a3ipJiey jkoHe jkacay MaKCaThIH KOMIBIL, Oy
TOXKIpUOEITK M1a0eTOIOTHsI cAJlaChIH/A JKYMBIC iCTEHTIH 3epTTeyNIiiepre CaHIbIK Talmay sl OapbIHIIA KOJI
JKETIMII eTyre MYMKIHJIK Oeperi.

Kinm ce30ep: B-xacymmanap, THCYJIHH, MBIPBIII, THCTO()OTOMETPHSIIBIK KEIIIEH.

I'.T". Meiipamos, K.-/[. Konept, B.11. Kopuus,
I'.T. Tycyn6ekoBa, A.2K. [llaitbex, A.I'. AGnpanmoBa-MeilipamoBa

I'mcrodoroMeTpudecKM KOMILIEKC A1 KOJUYCCTBEHHON OLCHKHU
coJiep:KaHMus HHCYJIUHA B B-KkileTKaxX MOTKe/ 1y 10YHOH 2KeJie3bl

B cratbe nmpennoskeH pa3paboTaHHbIN U CKOHCTPYUPOBAHHBIN TUCTO()OTOMETPUIECKHI KOMIIIEKC IS KOJIH-
YECTBEHHON OIIEHKH B OTHOCHTEIBHBIX €JHHHULAX COJAEepKaHUs ACTOHUPOBAHHOTO MHCYJINHA U LUHKA B HH-
CYJNUHITPOIYLIMPYIOMIMX B-KIeTkax TMCTOIOTHUECKUX MPEnapaToB MOMAKETyJ09HOHN *Kene3sl. PaHee ncmons-
3yeMBlil IPH TOJJOOHOTO POJIa UCCIEA0BAHUSX CHOCO0 GasUpoBaiIcs Ha BU3yalIbHOI OLICHKE Pe3yJIbTaTOB OK-
packu mperaparoB, 00 Goiee TOYHBIH KOJIMIECTBEHHBIH B yCJIOBHSX HNPUMEHEHHs] YHUBEPCAJIBHBIX KOM-
IUIEKCOB, BKIIFOYAIOMNX MUKPOCKOI CO.BCTPOCHHBIMHU H3MEPUTEILHEIMH YCTpoiicTBaMu ((oTOMeTpaMu), He-
JIOCTAaTKOM KOTOPBIX SIBJISUINCH, KaK HPaBUIIO, BECbMa BBICOKAs CTOUMOCTb, OIPAHUYUBAIONIAs BO3MOXKHOCTh
HX MCHONb30BaHMA. KpoMme Toro, Takue KOMIUIEKCHI B CBS3U C UX YHHBEPCAIBHOCTBHIO MAaJOINPUTOIHBI AJIS
HCCIIeI0OBaHN, CBSI3aHHBIX C H3YdeHNEM (DYHKIMOHAJIBHOTO COCTOSHHSI IMEHHO MaHKpeaTHIeckux B-xiierox
C MCIIOJIB30BAHHEM BBICOKOCHEIM(IYHBIX THCTOXUMHYECKUX METOJIOB BBISBICHHS MHCYJIMHA. ABTOPBI IIbITA-
JMCh pa3paboTaTh U CO3/1aTh OPUEHTHPOBAHHBIN CIIENMATBHO ISl HCCIEIOBAHUN COIEP KaHUS LIMHKA U HHCY-
JIMHa B B-KiieTkax rucTo(pOTOMETPUYECKHIl KOMIUIEKC, CO3/IaHHbIH ¢ IPUMEHEHHEM HEJIOPOTHX KOMIIOHEH-
TOB, YTO TOMOTJIO OBl CAefaTh KOJMYECTBEHHBIN aHAIN3 3HAUUTENbHO Oosee HOCTYIHBIM ISl UCCIeN0BaTe-
Jneit, paboTaronuX B 001aCTH AKCIIEPUMEHTAIFHOH ANa0eTOIOTHH.

Knrouegvie cnosa: B-KJ'IGTKI/I, WUHCYJIUH, IWHK, FI/ICTO(i)OTOMeTpI/I‘leCKI/Iﬁ KOMILJICKC.
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