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The biological role of zinc in the pancreas, prostate and in submandibulatglands
and influence of its complex salts with chelators on the state of glandsytissue

The article provides data on the biological role of zinc in humans and animals. The main part.of zinc is
concentrated in three glands: Pancreas, prostate, and submandibular glands. The authorsgprowvide data on the
role of zinc value and its role in each of the described glands. For the first time, zinc in thg prostate and
submandibular gland has been shown to interact with chelating substances, forming intfa-complex salts that
are well detected using histochemical methods. Analyzing data on the effect ofhelators omythe tissue of the
prostate and submandibular glands, the authors provide data indicating that theyfarefeapable of having a
damaging effect on them, causing the development of various histological changes; which serves as an
indication that the damaging effect of zinc-binding complexing agents is not specific to pancreatic B cells
alone; on which they have a direct damaging effect, causing their neetosis and destruction. This is also
evidenced by the presented data, according to which zinc-binding ‘chelators m the endocrine tissue of the
pancreas itself have a damaging effect not only on B cells, butfalso, on endothelial cells of blood capillaries,
which is accompanied by impaired microcirculationgin pamereatictislets. We provide evidence that zinc-
binding substances, in particular 8-oxyquinoline derivatiyes, argyincluded in some antimicrobial drugs, which
need to be noted.

Keywords: zinc, zinc binding chemicals, pancreas;prostate, submandibular glands.

Review

In the human body, the total ameunt ofezinc content is 2-3 g. The largest amount is detected in the
pancreas and prostate glands. Mor¢ than'80 years ago, Scott A. and Fischer D. informed that insulin in
pancreas is located in the fomm of a zinc-insulin complex, suggesting that zinc ions determine the
physiological activity of insulin[ 1, Apart from humans, a large amount of zinc is revealed in the pancreas in
many birds, dogs, rabbits,gmicey horses, and some species of fish, hamsters, cats, and amphibians [2-5].
Okamoto K. for the first timefsaid that zinc in the pancreas is concentrated in B-cells producing insulin [6,
7]. According to miedern opiniens, zinc takes part in the processes of formation of insulin storage complex in
B-cells [8]. Storage formmofyinsulin is important in the regulation of carbohydrate metabolism, in particular,
in maintaining glugosehomeostasis, ensuring the relative level of its blood. The high level of blood glucose
via glucose reeeptors stimulates dissociation of zinc-insulin complex and release of insulin in blood. There is
a proportional relationship between the zinc content in B-cells and the amount of insulin in cytoplasm.
Dectease an'théyamount of insulin in B-cells is accompanied by a decrease in amount of zinc [9, 10]. Zinc at
an earli€r stage of insulin synthesis in B-cells takes part in two important processes: Process of the formation
of insulintheXamer and process of crystallization of insulin in B cells [11].

The content of zinc in B-cells is significantly reduced in animals with experimental diabetes, regardless
of what caused it [12—-17]. Using the electron histochemistry method, Okamoto K. and Kawanishi H.
confirmed that in B-cells zinc ions are localized in B-granules, the contents of which are the deposited form
of insulin [18, 19], in particular, in the central part of the granules, on the periphery and partially in the shell
in granules [20].

Zinc ions contained in cytoplasm B-cells have a coordination number equal to 4 and 6 and are able to engage
in interaction with a number of substances with the ability to form with them not conventional salts based on
valence bonds, but form complex salts (chelates), in which the zinc atom is firmly fixed between several adjacent
atoms, forming chelate compounds by more durable covalent hybrid bonds [21], capable of causing destruction
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and cell death to a short period of time [22, 23]. Zinc atoms are fixed between nitrogen, sulfur, or oxygen atoms.
According to the ability of complexation, zinc significantly exceeds the metals of the main group.
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a — 2,4-dimethyl-8-hydoxymoline, 35 mg/kg; b — 5-phenylazo-8-oxychinoline, 20 mg/kg; in — 5-p-(toluene)-8-
oxychinoline, 20,mg/kg; g — 5-o-(toluene)-8-hydoxyinoline, 40 mg/kg; d — 8-oxychinoline, 50-60 mg kg;

e — 5-pa(hydroxyphenylazo)-8-hydoxyinoline, 20 mg/kg; z — 5-m-(hydroxyphenylase)-8-hydroxy xinoline, 30 mg/kg;
s —&-p-(dimethylaminophenylase)-8-hydoxykinoline, 45 mg/kg; u — 5-p-(diethylaminophenylazo)-8-hydoxyinoline,
5 mg/kg; k — 8-oxychinaldine, 10 mg/kg; | — 5-p-(aminophenylazo)-8-oxychinoline, 10 mg/kg;

m— 5-amino-8-oxychinoline, 30 mg/kg; # — 5-p-(diethylaminonophenylase)-8-hydoxykinoline, 40 mg/kg;

0 —840xy-7-iodhinoline, 50-60 mg/kg; p — 4,8-dihydroxychinoline-2-carboxylic acid (xanuturenic acid);

r — 8-p-(toluenesulfonylamino)quinoline, 40—-50 mg/kg; s — 8-p-(benzenesulfonylamino)quinoline, 30—-100 mg/kg;

t — 8-p-(methanesulfonylamino)quinoline, 40-81 mg/kg; y — diphenylthiocarbazon, 45-50 mg/kg

Figure 1. Complex salts of diabetogenic B-cytotoxic complex of forming substances with zinc ions

The largest amounts of zinc in the body are contained in B-cells of the pancreas and prostate glands.

Rubbo S. and Albert A. [24] found that the toxic effect of oxyquinoline is associated with its ability to
form in the cell toxic chelate complex with metals, which was subsequently repeatedly confirmed. They
showed that the presence of this complex in the cytoplasm of B-cells for a short time is accompanied by their
damage. In experiments using various isomers of azaoxyquinoline (azainer) — 8-oxyhyquinoline
derivative — the isomers forming chelates 1:1 possess the greatest toxicity with metal to have logarithm of
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resistance constants, equal to 7.6 and higher, to 9.4, while the toxicity of complexes of other isomers of
azaoxine with a smaller value of the resistance constant of 5.8-6.7, significantly lower [21]. It is also shown
that having high toxic complexes of 8-hydroxyquinoline derivatives with zinc ions have a high stability
constant, equal to 8.5. Later Weitzel G. et al. [25] experimentally confirmed that the complex of composition
1:1 contains 1 molecule of 8-oxychinoline and one zinc atom is the most toxic for cells (Table 1). Formation
of complexes 2: 1 constant indicator of stability of the latter depends in addition on the degree of affinity of
the chelator to the metal, further from the two characteristics of the chelators and metal. The presence of
additional radicals in the para-positions of the complex of the chelator, especially in areas close to those that
interact with the metal ion, contributes to the occurrence of the steric effect, as a result of which the two of
its molecules cannot get together so much that it became possible to fixation metal in a stable ring. If the
latter cation has a small diameter, then the ring is not able to form at all. The zinc atom has a radiug, value of
0.74 nm and occupies the median position between beryllium (0.31 nm) and rubidium (1.49 nm), the same as
a nickel (0.72 nm) and cobalt (0.74 nm) [4]. The high strength of the zinc-dithizongycomplex‘of the
composition 2:1 is due to the spatial extension of the dithizone molecule and the arrangéméntjef two phenol
rings at the ends of the molecule, which does not interfere with the sulfur and nitrogen atoms loeateddn the
center of the dithizone molecule, close to the zinc atom.

In addition, the zinc atom is adjusted between two nitrogen and sulfur atomggwithfrespect, to which the
zinc affinity is high and somewhat exceeds the affinity of the ions of this m€tal to exygen. Finally, two
dithizone molecules are involved in the interface, having a total large number of double bonds. As for
complexes of composition 1: 1 with 8-hydroxyhyxicinoline derivatives, theirgtrength is due to both a large
number of double bonds in the molecule of the complex agent and thé&\formation of a four-membered ring
(Fig. 1). In addition, the sulfur atom participates in the conjugation ofi 8-shealfonylaminohynolines. The
additional strength of the zinc-xanthurenic acid complex gives the conelusion of a zinc atom between two
oxygen atoms.

The prostate gland total contains the largest amountydf ziney In“the prostate fluid, its number reaches
590 pg/g. In the peripheral zone of the gland, its content™ds, 2.5-3 times higher than in the central [26]
reaching 290 pg /g. Zinc is an inhibitor of 5-a-reductase —jan ehzyme converting testosterone into the more
active hormone dihydrotestosterone, which contributes Jto the growth of the prostate (Fig 2). The
physiological role of zinc contained in the liquid of‘the grostate gland is to implement the mechanisms of
disagreement between the head and the tail of the spermatozoa. The indicator of the functional state of the
prostate gland is the content in its secretion of citric acid and zinc ions [27]. Zinc affects the activity of sex
hormones, the production of spermatozoa, the'development of male genital glands and secondary sexual
signs. Citric acid formed in the prostate gland contributes to sperm soluble, the activation of hyaluronidase,
and the latter contributes to{the penetration of sperm in the egg. Zinc is a specific inhibitor of the
mitochondrial aconitase of prostate, epithelium, which is accompanied by an increase in citrate concentration
due to the inhibition of its ofidation infmitochondria [28].

The influence of a zinc;¢helate complex forming in the cells of the cellular structures.

The direct effect on theyBs¢ells of the pancreas of chelate active chemicals possess a high affinity to
zinc and is accompaniedsby,the formation of a zinc-chelator complex (Fig. 2.1; 2.2), which causes damage
and destruction 0fi80-90,% of cell-matrix of B-cells 15-30 min after injection of chelator (Fig. 1.5; 1.6).

It has been established that since zinc in B-cells is concentrated in B-granules, where in storage form of
insulinfis formedyand ‘accumulated, the destruction of cells begins with damage and destruction of B-pellets
aftet S minutesjafter the formation of the complex.

The investigation of histotopography of zinc in B-cells made it possible to establish that its maximum
amount injthe form of a zinc insulin complex is observed around inside islet blood capillaries (Fig. 2.3; 2.4).

Is the destructive influence of the chelator strictly specific effect on the influence of B-cells? As it was
later shown, the places dense adjacent to the zinc-chelator complex to the walls of the capillaries develop
damage to the endothelium in combination with the development of circulatory microcirculation disorders
[29]. Developing changes in the endothelium of capillaries is an indication and indicate, thus, in favor of the
non-specificity of the damaging effect of the chelator. It should be noted that these changes are developing
during the first few days after the impact of the chelator and cannot be attributed to the number of late
vascular complications observed in diabetes.
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Figure 2. Zinc-Dithizone compl
The similarity of the histo
5, 6 — electron microscop,

@ anules) in B-cells of pancreas (/) and in cells of the prostate gland (2);
p ocalization of insulin (3) and zinc (4) in B-cells of the pancreas;
matrix of B-cells with B-granules of oval form containing a zinc-insulin

of tissue of submandibular glands as of prostate, also containing zinc, deeper
peremia, accompanied by stasis and lysis of leukocytes in blood, fibrinoid changes
n of the walls of arterioles, plasma impregnation, destruction and necrosis of and

influence ‘of the chelate? The minimum time required for the development of histological changes in islet
tissue after exposure to the substances under study is 3—4 days, while the late vascular complications in
animal experiments, in particular on rabbits, are detected only in a few weeks (a person is usually in a few
years). The above-described changes were detected [30] in animals after 6 days after the effects of the
chelate. This gives grounds to believe that these changes are due to the direct toxic effect of the zinc-chelate
complex. In turn, the response to another question depends on the final answer to this question: whether the
damaging effect of the zinc-chelate complex is specific to only B-cells of the pancreas, or it is nonspecific
and capable of providing a damaging effect on other tissue cells containing zinc.
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Conclusions

Currently, about 20 complexes of forming chelators are capable of forming toxic complexes, causing
destruction and cell death, with zinc. First of all, it is the glands containing zinc, in particular, endocrine
pancreatic cells. These include 16 oxyquinoline derivatives (arylaz derivatives, arensulfonylaminoquinolines,
diphenylthiocarbazon). Oxyquinoline derivatives are included as the main component in a range of
antibacterial action drugs intended for the treatment of skin diseases. The antibiotic tetracycline
hydrochloride possesses a high affinity to zinc and high doses accompanied by hyperplasia and in-cell
damage. Similar properties have the drug enteroseptol, intended for the treatment of intestinal diseases. Now
the contact of a person with various chemical compounds in everyday life has increased significantly.
Among them, it is impossible to eliminate the presence of chelators having a high affinity to zinc and having
high stability constant of the logarithm. 18 of them due to the chelating of zinc in cells cause their death. It is
necessary to keep attention to chemical compounds of this group as potentially capable ofgeendexring an
adverse effect on the endocrine pancreatic tissue and on the prostate gland.
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I''.T". Meiipamos, B.1. Kopuun, K.-T8KoHepT,
A.XK. [Taitbek, @.C. Abukenona, A.[FpMeipamoa

MBIpBIIITHIH YHKBI dKOHGKYBIKACTBI Oe3/1epinjeri
OMOJIOTHSIIBIK POJIi 2KdHE OHbIH)XeAaTTY3€eTiH 3aTTapMeH
KellleH/IIK KOChLIBICTAPBIHBIH §e3/1ep WINachbIHbIH XKali-KyiliHe dcepi

Makasaza MBIPBILITEIH aJaM JKOHE JKaHydpiiap OpraHW3MiHJeri OHOJIOTHSJIBIK pelli Typajbl MOIIMETTep
KenTipinreH. MBIPBIITHIH Heri3ri Oeiri v, O6e3xe IIOFBIpIIaHFaH: YHKBI 0e3i, KyBIKACTBI JKOHE JKaKacThl
Ge3zepi. ABropnap cunarranrad 0e31EPHiH, OPRANACHICHIHAFB MBIPBIIITHIH POJIi )KOHE OHBIH MaHBI3bI TyPaJibl
nepekrep kenripreH. KybIKacThigkeHe >XaKacTbl Oe3nepiHAeri MbIPHIUTHIH XEJNATTY3€TiH 3aTTapMeH
OpPEKEeTTECiI, THCTOXUMUSIIBIK SAICTEpPMEH JKaKChl aHBIKTANATHIH KOMIUIEKCIIIUTIK TY3/ap TY3€TiHi anFail per
KepceTinai. XergaTopiaapAbiHy KYBIKACThI JKOHE JKaKacThl Oe3AepiHiH TiHAepiHEe ocepi Typajbl AepeKTepai
Tajgail OTBIPBIN, MaKaia<aBEOPJIAPBOPTYPI T'MCTOJNOTHSIIBIK ©3repiCTepliH AaMyblHa ceden OOJaThIH,
oJlapra 3UsHABL 9cep CEETH MOMIMEITEpAl KEITIPreH, MBIPbIII—0aiiIaHbICTRIPAThIH KEIICHTY3YIII 3aTTapAblH
3aKbIMIAYIIbl ocepi FEK KaHa,yiKbl Oe3iHiH B-xacymranapbiHa FaHa TOH eMec, OJIap TiKeJieH 3aKbIMJIay bl
ocep erim, onapIbIH| HEKPO3BIH kKoHE OY3bUIYBIH TyAbIpaibl. KenTipiireH ManmiMerTepre CofiKeC MBIpBILI-
OaitaHBICTBIPATRIH XCNAEOPITap YK Oe3iHIH SHIOKPUHIIK TiHAEpiHAE TeK B-xacymamapsiHa FaHa eMec,
COHBIMCH Kamap pkaH KanWULIPJIApbIHBIH SHIOTENMH JKacyllalapblHa Ja 3USHIBI ocep ereni, Oy
HaHKPEaTMsIIbIK apainidpia MUKPOLMPKYJIILUAHBIH Oy3blTybIMeH Oipre >xypeni. COHbIMEH KaTap MbIPbIII—
GailnaHbICTHIPATHHYBATTAD, aTall AUTKaHIa 8-OKCHXHUHOJIMH TYBIHIBUIAPHI MUKPOOKa Kapchl acepi Oap keibip
Aopi-ASPMEKTEPEIH KypaMbIHa Kipei, oapra a Ha3ap ayapy Kepek.

Kiumpco30€p* MbIpBILL, MBIPBILI OaiTaHbICTBIPATBIH 3aTTap, YHKBI 0€31, KYBIK acThl 0€3i, )KaKacThl Oe3i.

I'.I". Meiipamos, B.1. Kopuun, K.-JI. Konepr,
A XK. aiibek, ©.C. AbukenoBa, A.I'. MeiipamoBa

Buosoruveckasi posib HIMHKA B NOIKEJTYA0YHOI U MPeACTATEILHOM kKeyre3ax
U BJIMSIHME €r0 BHYTPUKOMILIEKCHBIX COeJMHEHHH ¢ XeJ1aT000pa3yiomuMu
BellleCTBAMHU HA COCTOSIHME TKAHM KeJie3

B cratse MPpUBEACHBI TaHHBIC O OHOJIOTHYECKOH PO IMHKA B OpTaHU3ME YCJIOBCKA U JKUBOTHBIX. OcHoBHas
YacTh IUHKAa CKOHLOEHTPHPOBAHA B TPEX KEJIC3aX: HOII)KGIIyIIO‘{HOfI, Hpencra’renbﬂoﬁ U B IOAYCIIIOCTHBIX
JKele3ax. ABTOpaMI/I MPUBEACHBI JaHHBIC O 3HAUYCHUU INUHKA U POJIK €0 B KaKJI0M U3 OIKCHIBAEMBIX XKEJe3.
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Brnepsble noka3zaHo, YTO LMHK B MPEICTATENBHON U MMOIYETIOCTHOM XkKeJe3ax B3auMOJCHCTBYET € XeIaToo0-
pa3yIoIMMH BelecTBaMy, (HOpMUPYsT BHYTPUKOMIUIEKCHBIE COJIM, KOTOPBIE XOPOLIO BBIABIISIOTCSA C IIOMO-
MIbI0 THCTOXUMUYECKUX METONOB. AHAIM3UPYs JAHHBIE O BIUSHUM XE€NIATOPOB HAa TKAHb MPEICTATENbHOH U
TIO/TUEITIOCTHBIX JKEeJe3, aBTOPHI NPHUBOJAT JIaHHBIE, CBUICTEILCTBYIOMNE O TOM, YTO OHU CHOCOOHBI OKAa3bI-
BaTh MOBPEKAAONLICE BO3JCHCTBUE HAa HUX, BBI3bIBAs PAa3BUTHE PA3IMYHBIX F'MCTOJOIMYECKUX U3MCHEHMH,
YTO CIY’KUT yKa3aHHEM Ha TO, YTO MOBPEXIAIoIIee NeHCTBHE IIHMHK-CBSI3BIBAIONINX KOMILIEKCOOPa3yIomuX
BEIIIECTB HE SBISICTCS CIIEIU(UIHEIM TOIBKO B OTHOIICHWH B-KI€TOK MOKeTyIOYHOH JKeNe3bl, Ha KOTOpbIe
OHH OKa3bIBAIOT NMPSAMOE MOBPEXIAIOIIEE BO3AEICTBHE, BBI3bIBAS MX HEKPO3 M AecTpykuuio. O6 3ToM ke
CBUJIETENBCTBYIOT MPUBOJMMBIE JAHHBIE, COTJIACHO KOTOPBIM LIMHK-CBS3BIBAIOIINE XETaTOPhl M B CaMOil 3H-
JIOKPUHHOM TKaHM IMOJDKETYIOUHOM JKeJIe3bl OKa3bIBaIOT IOBPEXKIAIONIEE AEHCTBUE HE TOJIBKO HAa B-kierkw,
HO M Ha KJIETKH 3HIOTENUs] KPOBEHOCHBIX KAIMIUIAPOB, YTO CONPOBOKAACTCS HAPYIICHUEM MUKPOLHMPKYJIs-
11U B IAHKPEATUYECKUX OCTPOBKAX. ABTOPHI IPUBOJAT JAaHHBIE O TOM, YTO LIMHK-CBSA3bIBAIOLINC BEIIECTBA, B
YaCTHOCTH, NPOU3BOJHBIC 8-OKCUXUHOJIKMHA BXOAAT B COCTAB HEKOTOPBIX JIEKAPCTBEHHBIX [IPENApaTOB aHTH-
MHKpPOOHOTO JISHCTBHUS, Ha YTO HEOOXOAUMO 00OpaTUTh BHUMAHHE.

Kniouesvie cnosa: IMHK, MUHK-CBA3BIBAIOIINEC BCIICCTBA, IMOKCIIyJOUHAs KEJIC3a, MMPEACTATC/IbHANA, KCTIE3a,
HOAYCIIFOCTHBIC XKEJIC3bI.
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