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On the mechanisms of damaging effect of diabetogenic chelators
on the endothelium of blood capillaries in pancreatic islets

Authors showed that administration of diabetic zinc binders (DZC) to animals is accompanied not only by
destruction and death of B cells, but also by the development of morphological changes in the capillaries of
pancreatic islets at the site of contact with B cells (destruction of the capillary endothelium sites, change in the
shape of the capillary lumen, erythrocytes adhesion, perivascular edema, hyperemia). Vascular changes are
usually late complications of diabetes. To answer the question: are the described changes in islet capillaries a
late complication of diabetes (1) or is it the result of the direct damaging effect of DZC (2), low doses of DZC
that do not cause diabetes in animals are used, forming a toxic zinc-dithizone complex only at B-pole cells in
contact with the capillary wall. It was shown that in this case, the capillary wall is damaged in the absence of
diabetes, which indicates a direct damaging effect of DZC not only on B-cells but also on the endothelium of
islet capillaries. This is not a direct cause of the development of these forms of diabetes, but may be accompa-
nied by circulatory disorders in pancreatic islets and a worsening of the course of the disease.
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Introduction

It is known that diabetes mellitus is accompanied by the development of late vascular complications
[1, 2]. This is not only about violations of the main arteries, but also the vessels of the kidneys, eyes and other
organs and tissues.

Previously attention was paid to maximal concentration of zinc and granules of deposited insulin in pan-
creatic B-cells located on the pole of cell contacted to the wall of the islet blood capillaries and significantly
exceeds its content in other parts of the cytoplasm of B-cells (Fig. 1.1 and 1.2) where hormone exocytosis
occurs in the blood [3]. Attention was also drawn to the fact that the histotopography of the location of zinc
after administration of Dithizon and the formation of the Zinc-Dithizon complex coincides with the histoto-
pography of insulin in B-cells [4].

This prompted the thought of whether this complex does not affect the endothelial cells of the islet capil-
laries. In the case of positive result it would be possible to put forward the assumption of a more universal
toxic effect of this complex not only on B cells, but also on some other cells of the body.

Experimental

Considering the established properties of the Zinc-DZC complex to exert a damaging effect on B-cells
causing their death, the question should be asked: is this complex capable of exerting a similar effect on capil-
lary wall cells, in particular, endothelial cells? In order to answer this question, experiments were conducted
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on 17 outbred rabbits, which were treated using of various doses of Dithizone. Animals were divided into
3 groups.

Group 1. Injection to 8 rabbits of diabetogenic dose of water-ammonium solution of Dithizon (DZ)
46.6-49.3 mg/kg, after which 4 (subgroup 1) of them were killed by air embolia 10 min. later. Frozen sections
7 um and 4 um were investigated using dark field microscopy. In 4 other animals (subgroup 2), blood glucose
levels were determined over the next 3, 6, and 9 days. After that, the pancreas was removed and histological
sections of the pancreas fixed in Bouin; staining by specific for insulin and zinc histochemical methods and of
histostructure of islets as of content of deposited insulin in the B-cells by using of histological methods to
study the state of the histostructure.

Finally, 3 animals (subgroup 3) were killed 2 h after injection of DZ; sections of fixed pancreas were also
stained using of aldehyde-fuchsin [5, 6] to analyze state of islet’s capillaries and treated by high specific fluo-
rescent method for staining zinc ions in B-cells [7, 8].

Group 2. Injection to 6 animals of not diabetogenic minimal dose of Dithizon as 12—-15 mg/kg, which is
able to bind zinc with the formation of the Zinc-Dithizon complex only at the sites of the greatest accumulation
of insulin, that is, in B-cells that are closely contact to the capillary wall. 3 of them were killed after 10 min.
Frozen sections 6 um were investigated using dark field microscopy. In the other 3 animals blood glucose
levels were measured over the next 3, 6, and 9 days, after which the pancreas was tissue fixed in the Bouin
solution and were stained using of histological and histochemical methods to assess the state of the histostruc-
ture and the content of deposited insulin in B cells.

Results

Group 1, subgroup 1: A) investigation of aldehyde-fuchsin stained sections of pancreas of intact ani-
mals: numerous islets without any changes of histostructure and a large amount of deposited insulin in
B-cells. B) visual analysis of histotopography of the location of hormone showed the maximum concentration
of deposited insulin in part of B-cells contacted to the blood capillaries (Fig. 1.1, 1.2, 1.3, 1.4 blue color of
insulin and purple granules of zinc-insulin complex).

Analysis of the content of the zinc-insulin complex in B-cells of animals of subgroup 1 in the form of red
complex with Dithizon clearly confirms the disposition of zinc in the same place as insulin around the walls
of the islet capillaries (Fig. 1.5).

After injection of Dithizon to animals of subgroup 2 (control), hyperglycemia was increased from
9.74£0.5 mM on day 3 until 14.3+0.5 mM on day 6 and 16.7+0.6 mM on day 9 (Table 1), which corresponds
to type 1 diabetes. Histostructure of islets: destruction and necrosis of B-cells, vacuole dystrophia and degran-
ulation of B-cells.

Table 1

Blood glucose concentration in rabbits after injection of various doses of Dithizon (mmol/l)

Period after injection of DZ
3 days 6 days | 8-9days
- 5.1+0.4 | 4.9+0.6 |Histostructure and insulin content without changes

Conditions | Baseline

Intact animals | 4.8+0.5

Dithizon 50004 | 97205 | 14.320.5 | 16.720.6* Destruction of B-cells, marked decreasing of amount of
49.3 mg/kg insulin in B-cells
. Partial destruction of B-cells located around capillaries;
Dithizon

52+0.3 | 6.2+0.3 | 5.6+0.5 | 5.3+£0.7 |partial alteration of endothelium of capillaries, hyperemia,
stasis, agglutination of erythrocytes

12.6 mg/kg

Note. *p<0.005 in compared to baseline level

Analysis of the state of histostructure of pancreas of animals after administration of low doses of Dithizon
showed the following: numerous islets without visible changes of histostructure were found in sections of
pancreas. Insulin content in B-cells also did not visually differ from that observed in islets of intact animals
(Fig. 1.6, 2.1, 2.2). In islet’s capillaries there are signs of damage and destruction of the apical part of B-cells
contacted to the capillaries’ wall, which is understandable, given that in this part of B-cells there is concentrated
a maximum of the amount of insulin deposited in the form of a zinc-insulin complex after administration of
small doses of Dithizon. The expansion of capillaries, in some places the presence of signs of perivascular
edema, the presence in places of a poorly visible contour of the basal membrane of the endothelium often
deformed and damaged were noted (Fig. 2.1, 2.2).
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It is known that vascular complications in diabetes mellitus developed as late complications developed in
human many years later after diagnosis of diabetes.

1.6

1.1 and 1.2 — Intact pancreatic islet. Aldehyde-fuchsin. The histostructure and insulin content in B-cells are not changed. The
maximum content of deposited insulin in B-cells contacted blood capillaries where insulin maximally concentrated at the pole
of the cells contacted capillaries; x280; 1.3, 1.4 — Pancreatic islet after administration of diabetogenic dose of Dithizon. Frozen
section. The cytoplasm is filled by large number of granules of the Zinc-Dithizon complex, the maximum amounts of which
are concentrated around the capillaries; 1.3 slice thickness 7 um; 1.4 slice thickness — 4 pm; dark microscopy; x280.
1.5 — Pancreatic islet after administration of the minimal dose of Dithizon — 12.6 mg/kg; Frozen section. Granules of complex
Zinc-Dithizon are concentrated around capillaries only. Diabetes not developed; dark microscopy; x280; 1.6 — Fluorescent
high specific positive reaction for Zinc-ions with 8PTSQ —green fluorescence; x140

Figure 1. State of histostructure of B-cells and capillaries after the administration of low doses of Dithizon
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Histostructure and the content of deposited insulin in B-cells without visible changes; in islet capillaries: 2.1 — partial destruc-
tion of endothelium; alteration of wall of capillary; 2.2 — adhesion of erythrocytes; perivascular edema

Figure 2. Pancreatic islet after administration of minimal dose of Dithizon — 13.2 mg/kg after 8 days

Obtained results showed that concentration of the Zinc-Dithizon complex in B-cells localized around
capillaries, especially in apical part, causes damage not only to B-cells or their apical part, but also to the wall
of the islet capillaries. Obtained results, therefore, demonstrate that vascular changes do not belong to the late
complications of diabetes, but primary determined by the damaging effect of DZC not only on
B-cells contacted capillaries, but also on the capillaries’ wall themselves. An additional, quite convincing proof
of this is the fact that these changes arose in the absence of diabetes in these animals, and there could not have
been confirmed as late complications of diabetes as disease.

Group 2. The investigation of the content of the Zinc-Dithizon complex in islets after injection of low
doses of Dithizon showed the following. Numerous islets were revealed in the sections of pancreas, in which
red granules of the zinc-Dithizon complex were found only at the B-cells contacted capillaries, at the zones of
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concentration of deposited form of insulin (Zinc-Insulin complex) that is, in the places where B-cells contact
to the islet capillaries’ wall, while the other part of cells did not contain the complex. Blood glucose control: a
low increasing from 5.2+0.3 mm to 6.2+0.3 mm (3" day) and returning to the initial level after 6 and 9 days,
to 5.6+£0.5 mm and 5.3+0.7 mm, respectively (Table 1). Histostructure: numerous islets of usual sizes were
found in the sections. In 8.6-11.7 % of the islets signs of destruction of B-cells at their localization around
capillaries were revealed. In the other parts of the cell cytoplasm no visible signs of histological changes were
observed. In capillary’s endothelium partial damage and destruction of endothelium, altered capillary shape,
adhesion of erythrocytes, perivascular edema, the release of erythrocytes outside of capillary, microcirculatory
disturbances in the form of hyperemia and stasis were revealed.

Obtained results showed that administration of low doses of DZC to animals didn’t result in the develop-
ment of experimental diabetes, and led to the development of obvious signs of damage of the wall of islet
capillaries in combination with the development of microcirculatory disorders.

Vascular disorders in diabetes mellitus are the most common and lead to the development of complica-
tions accompanied by disability. As a rule, these are late complications of diabetes, developing not in the initial
period but through long periods of time, often in years. In our experiences vascular disorders of the islet capil-
laries developed in absence of diabetes and were characterized by the selectivity of damage of the capillary
wall, while islet cells remained generally intact and in the absence of signs of diabetes. Results showed that in
the genesis of development of alteration of capillary’s wall contacted Zinc-Dithizon complex, which at low
doses is formed only in B-cells, the contact of complex with capillary endothelium is of direct importance.

Conclusion

Thus, these vascular changes can in no way be attributed to the late complications of diabetes, especially
since it did not develop. Additional confirmation of this possibility may be due to the following reasons:

1) high toxicity of Zinc-Dithizone complexes for B-cells;

2) vascular changes in pancreatic islets in experiments when diabetes in animals has not yet developed
that demonstrate why these changes cannot be estimated as late complications of diabetes.

References

1 Bloomgarden Z.T. Developments in diabetes and insulin resistance / Z.T. Bloomgarden // Diabetes Care. — 2006. — Vol. 29.
— P. 161-167.

2 Banabonkun M.U. JleueHne caxapHOro [rabeTa u ero ocioKHeHu# (pykoBoacTso st Bpadeii) / M.U. bana6onkuu, E.M. Kire-
6anoBa, B.M. Kpemnuckas. — M.: Meaununa, 2005. — 511 c.

3 Meyramov G.G. Vascular and Histological Changes in Pancreatic islets in diabetes caused by xanthurenic acid /
G.G. Meyramov, A.A. Kikimbaeva // Diabetes. — 2013. — Vol. 62, No. 6. — P. 751.

4 Meyramov G.G. Diabetogenic Metabolits of Tryptophan / G.G. Meyramov, A.S. Shaybek, A.G. Abdraimova // Bulletin of the
Karaganda University. Series Biology. Medicine. Geography. — 2016. — No. 4 (84). — P. 44-55.

5 Kvistberg D. Staining of insulin with aldehyde fucshin / D. Kvistberg, G. Lester, A. Lasarov // J. Histochem Cytochem. —
1966. — Vol. 14. — P. 609-611.

6 Ortman R. Concerning the staining properties of aldehyde basic fucshin / R. Ortman, W. Forbes// J. Histochem. — 1966. —
Vol. 14. — P. 104-111.

7 BoxesonsHOB E.A. 8-nmapa(tonyoscybhOHMUIaMIHO)XHHOJMH JTIOMUHECIICHTHBIH peakTHB Ha IMHK U Kaamuid / E.A. Boxe-
BOJIbHOB, I'.B. CepebpsikoBa // Xumuueckue peakTuBbl i npenapatsl. — M., 1961. — C. 36-42.

8 Meyramov G.G. The High Specific Method for Revealing of Zinc in Pancreatic B-cells / G.G. Meyramov, G.T. Tusupbekova,
R.G., Meyramova // Diabetes. — 1991. — Vol. 40, No. 6. — P. 65.

I'.T". Meiipamos, B.U. Kopuun, A.C. [llaii6ek, A.A. Kukumbaesa, I.A. MeiipamoBa

¥Yiikbl 0e3i apangapbIHAaFbl KaH KallMJLISIPJIapbIHbIH YHA0TEIMHiHe
Aua0eTOreHAiK XeJaTopJIapAbIH 3aKbIM/IAy dCePiHiH MeXaHUu3Mi TypaJibl

ABTOpJap AMabeTTIK MBIPBIIIOAHIaHBICTHIPFBII 3aTTapabl (JIM3) sxaHyapiapra TaraiblHIay Tek B-xacymia-
JIApBIHBIH JKOMBUTYBIMEH JKOHE ©JTiMiMEH FaHa eMec, COHBIMEH KaTap B-kacymranapsiMeH OaifiiaHbIC OpHBIHAA
yiKpl Oe3i apanmapblHbIH KamWULIPIapbIHBIH MOPQOIOTHSIIBIK ©3repiCTepiHiH JaMybIMeH (KaInUIsIpIIbIK
SHIOTEINH ydYacKenepiHiH Oy3bUTYbl, KaIlMJULIPJIBIK apaiblK MIMIiHHIH e3repyi, SpUTPOLUTTED aare3usichl,
NIepUBACKYJIIPIIBIK iCiHY, TUIIEpeMus) e3repyiMeH Oipre )ypeTiHiH kepceTkeH. KaH TaMbIpaarsl e3repictep —
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Oyn onerre KaHT nuabeTiHiH Kewl acKbiHybl. Cypakka jkayan Oepy YIIIH: apTepUsUIblK KaluuipiapAarbl
CHIIATTalFaH e3repicTep KaHT quaberiHiH keur ackpiHybiMeH (1) cumarranaasl Ma Hemece JIM3 (2) Tikeneit
3aKbIMJAUTBIH OCEPiHIH HOTHXKeci Me, iFHHU, JIM3 TeMeH fo3anapsl )kaHyapiapa KaHT JHa0eTiH TYFbI30aiThIH
Kamwuiip KaObIprackIMeH OaiiaHpicTa OOJIATBIH JKacyIlanap TeK B-momiociHie yibl MBIPBIII-TUTH30H
KeIIeHIH Kypayla KoJJaHbUIambl. Byn skarmaiima xaHT nuaberi OonMaraH Ke3ne Kammunip KaOBIPFackl
3aKbIMIAHATBIHEL KepceTingi, Oy1 JIM3-HelH Tek B-xacymamapriHa FaHa eMec, COHBIMEH Karap apel
KaIUIAPIapbIHEIH SHAOTENMACHHA 1a Tikened acepiH kepcereni. byn KaHT nuaOeTiHiH OCBHI TYpIIepiHiH
JTaMyBIHBIH Tikemel cebedi emec, 6ipak YHKbI 0e31 apainapblHAaFbl MUKPOUUPKYIALUSIHBIH OY3bUTybIMEH XKOHE
THICIHIIE aypyAbIH aFbIMBIHBIH HaIIapaybIMEH Oipre )ypyi MyMKiH.

Kinm ce3dep: B-xacymanap, HAOTEIMH, KaNmWsIpiap, OHa0ETOTeHl MBIPHIIIOaiIaHbICTRIPYIIBI 3aTTap,
TUCTO(IFOOPUMETPITIK KEIlIeH.

I'.I". Meiipamos, B.1. Kopunn, A.C. [aii6ek, A.A. Kukumbaesa, J{.A. MeiipamoBa

O MexaHH3MaX MOBPEKIAIOIIEro AedCTBHS IMA0eTOreHHbIX XeJaTOPOB
HA JHA0TEJIUI KAMWLISIPOB KPOBH B OCTPOBKAX MOJKEJIYT0YHOM 2KeJie3bl

ABTOpaMH IMOKa3aHO, YTO BBE/ICHNE TNA0ETOTeHHBIX [TMHK-CBsA3bIBatonuX BeniecTs ([1]B) sxuBoTHBIM compo-
BOXJA€TCA HE TOJIBKO AECTPYyKIMEeH M rHOenpio B-KIeTok, HO M pa3BUTHEM MOPQOIOTHIESCKHX M3MEHEHUI
KaIIMIIAPOB MAHKPEaTHIECKUX OCTPOBKOB B MECTE KOHTAKTa ¢ B-kieTkamu (ZeCTpyKIys y4acTKOB SHIOTEIUS
KaIWIIAPOB, H3MEHEHNE (pOPMBI IPOCBETA KAMIIISIPOB, aAre3Hs IPUTPOLUTOB, IEPUBACKYISIPHBIN OTEK, TU-
nepemust). CocyaucTble U3MEHEHH OOBIYHO SIBISTFOTCS MO3IHUMU OCIIOKHEHUSIMU auabera. [ oTBeTa Ha
BOIIPOC: «SIBISIIOTCS JIN ONHCaHHBIE H3MEHEHNsI KallMUISIPOB OCTPOBKOB MO3JJHUM OCJIOKHEeHHeM ruadeta (1)
WM 9TO pe3yJIbTaT NpsMOro noBpexaatomero nevicrsust LB (2)?» ucnonbp3oBansl Hu3kue 10361 LB, koto-
pBle He BBI3BIBAIOT AMabeTa y )KUBOTHBIX, (OPMHUPYSI TOKCHYECKHH KOMIUIEKC IIMHK-IUTH30H TOJBKO Ha IT0-
nroce B-Ki1eToK, KOHTaKTUPYIOLEM CO CTeHKOH KanmuwuripoB. [loka3aHo, 4TO U B 3TOM Cilyyae CTCHKA KaIlWil-
JSIPOB TIOBPEXKIACTCS B OTCYTCTBHE AHabeTa, 4TO CBUACTEIBCTBYET O MPSIMOM TOBpexaaronieM neiictenu /1B
HE TOJBKO Ha B-KIIeTKH, HO M Ha SHAOTENUYM KAaMWUIIPOB OCTPOBKOB. J{aHHBIA (akT HE SBISETCS MPSMOM
NPUYUHON Pa3BUTHUS yKa3aHHBIX (GopM auadeTa, HO MOXKET COIPOBOXKAATHCS HAPYIICHUSAMH MUKDOIHPKYJIs-
I[1 B TAHKPEATHYECKUX OCTPOBKAX U, COOTBETCTBEHHO, yXyALICHHEM TeUCHHS 3a00JIeBaHNSI.

Kniouesvie crosa: B-KneTku, 3HIOTENNH, KaWLIAPH], JHa0eTOreHHbIe [IMHKCBSI3BIBAIOIINE BEIIECTBA, THCTO-
(hIFOOPUMETPUYCCKUIT KOMILICKC.
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