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On the protective effect of 2,3-dimercaptopropanol for destructive action
of zincbinding chemicals on pancreatic B-cells

2,3-Dimercaptopropanol is a substance able to re-activate sulfhydryl groups of enzymes and has the property
to form temporary complexes with metals, including zinc. It is also known that certain amino acids, particu-
larly cysteine and glutathione also contain in its composition mole coli SH-groups. Administration of these
amino acids in to animals result prevention developing of experimental diabetes caused zinkbinding
diabetogenic chemicals. It is confirmed that this effect is determined by their ability to form non-toxic tempo-
rary complexes with zinc in B-cells of pancreatic islets that protect cells of the destruction caused by
diabetogenic chelating agents. The authors have shown that 2,3-dimercaptopropanol at doses of 60 and
120 mg/kg is able to prevent the development of diabetes in almost all experimental animals. Authors found
that this ability 2,3-dimercaptopropanol is explained by its property through SH-groups included in its com-
position, to form non-toxic complexes with zinc in pancreatic cells that protect cells of death.

Key words: B-cells, SH-groups, experimental diabetes, zinc, 2,3-dimercaptopropanol.

2,3-Dimercaptopropanol (DMP) is known as re-activator of SH-group of enzymes and possess ability to
form stable complexes with metals. However it is known that some aminoacids contains SH-groups in mole-
cule as Cystein and Glutathuone reduced form protect developing of diabetes caused by chelat active chemi-
cals. This effect determined by high affinity of SH-group for zinc and cadmium [1]. 2,3-Dimercaptopropanol
is able in added to destroy other complexes, previously formed with zinc by chelators, that accompanied by
re-placing atom of chelator from complex [2] and formation of complex DMT-metal via SH-group.

Aim of work: to investigate state of histostructure of pancreatic islets and possible interaction of Zn*-
ions in B-cells with DMP and Dithizon, a diabetogenic chelator.

Material and methods

Animals: 10 rabbits 2,200-2,650 g were used. Group 1: control intact animals: A-injection of Dithizon,
48,9 mg/kg; B-intact rabbit; Group 2: injection of DMP («SIGMAy) in doses 60 and 120 mg/kg to 8 animals;
30 min later water solution of Dithizon 46,6-49,7 mg/kg was injected to 6 animals; animals killed 10 min
past injection of DZ. Group 3: injection of DMP, 60 and 120 mg/kg to 2 animals; animals killed 10 min past
injection. Group 4: injection of DMP, 60 and 120 mg/kg to 2 animals; 30 min later injection of Dithizon
48 mg/kg; animals killed 5 days past injection of DZ.

Frozen sections of pancreas were investigated using dark microscopy for revealing of DZ-Zn"*-complex
in B-cells. The high specific fluorescent method revealing of free Zn™-ions in B-cells by fluorochrom
8-para(toluenesulphonylamino)quinolin [SPTSQ] was used [3, 4]. 3 animals were killed 5 days past injec-
tions of DMP and DZ. Pancreas was fixed in alcohol 70° + H,S. Staining of sections by aldehyde-fucshine
[5-7] and 8PTSQ.

Results

Group 1. Control intact animals section o pancreas. 20 frozen sections of pancreas tissue were investi-
gated using dark microscopy. Cytoplasm of all investigated islets contain a large amount of red chelat com-
plex Zn"*-Dithizon [1] which concentrated on the all surface of cytoplasm, maximally around blood islet’s
capillaries (fig. 1.1). Reaction for 7n"2-ions: intensive fluorescence of B-cells (fig. 1.2). Group 2. Admin-
istration of 2,3-dimercaptopropropanol and of Dithizon result prevention of formation in majority of B-cells
of Zn'?-Dithizon complex which is partially formed in cells located around blood capillaries (fig. 1.3). Pro
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tective effect determined by not diabetogenic binding of Zn*-ions by DMT. It is known that DMT possess
high affinity for Zn"-ions.

I Intact rabbit. Injection of Dithizon, 48,9 mg/kg; dark microscopy; red granules of complex zinc-DZ in B-cells; [x280]

2 Intact rabbit. Positive fluorescent reaction for Zn in B-cells: intensive green fluorescence of Zn in cytoplasm of B-cells; [x140]

3 Injection of DMP 60 mg/kg + DZ; dark microscopy; only B-cells contacted with capillaries contain complex zinc-DZ; [x280]

4 Injection of DMP 60 mg/kg + DZ; negative fluorescent reaction for Zn in B-cells: only a few cells contain a small amount of Zn; [x140]
5 Dithizon, 48 mg/kg. Aldehyde-fucshine staining; destruction of B-cells; degranulation, decreasing of insulin content in B-cells; [*280]

6 Injection of DMP + DZ; Aldehyde-fucshine staining; histostructure of islets and insulin content in B-cells without changes; [*280]

Figure 1. Pancreas tissue
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Group 3. Investigation of free Zn " -ions content in B-cells past injection of DMT showed a negative re-
action for Zn'? in islets (fig. 1.4). A few B-cells contains minimal amount of Zn"? in cytoplasm. This result
determined by forming by DMT of not visible Zn">-DMT complex.

Group 4. Investigation of effect of DMT on diabetogenic property of Dithizon showed that administra-
tion of it accompanied by absence of any histological changes in pancreatic islets (fig. 1.5; 1.6).

Table
Results of investigation of blood glucose level
. 8 Blood Glucose (mmol/l), day
Neo Conditions Before 0 3 6 -
1 |Dithizon, 46,8-48 mg/kg 2 animals 5,140,3 | 3,0£0,4 [ 9,6+1,2" |12,642,2°|16,2+2,6*
2 [DMT, 102110 mg/kg + Dithizon, 48,8 mg/kg, 4 animals | 4,9+0,4 52+04 | 5,6+0,5" | 5,840,7° | 5,4+0,6*

Note. * —p<0,001; « —p <0,005; m —p < 0,01.

Results of investigation of blood glucose level (table 1) demonstrated that injection of Dithizon accom-
panied by marked decreasing of blood glucose level that is determined by release of a large amount of insu-
lin as result of destruction within short time of majority B-cells. In other animals, past injections of DMT and
followed past 1, 2 and 3 h injections of diabetogenic doses of Dithizon not accompanied by hyperglycemia in
animals. We observed only not reliable increasing of blood glucose level until 5,6-5,8 mmol/l (Table).

Discussion

Molecule of 2,3-Dimercaptopropanol (C;HgOS; m.m. 124,22) contains two SH-groups. It is known that

some metals (Me) as mercury, arsenic, cadmium, lead, zinc interacted with chemicals contains SH-groups
and formed stable cyclic mercaptide:

SH S
& P

R Me?t — R M 2H*
\SH+ ‘ g/ et

As bivalent metal Zn'-ions interacts with 2 SH-groups of molecule of 2,3-Dimercaptopropanol with
forming of cyclic mercaptide which are more stable in compared with some chelat active chemicals. It is

known that 2,3-Dimercaptopropanol is able to destroy complexes previously formed with chelators accom-
panied by replace atom of chelator from complex [2].

+2 Zn +
HS—CH +7n® —»  “s—CH + 2H
|

Thus, obtained results showed that 2,3-Dimercaptopropanol protect B-cells of destruction caused by
Dithizon and of developing of diabetes. Investigation of interaction in B-cells between Zn"*-ions and
2,3-Dimercaptopropanol evidently showed that DMT protect B-cells of formation of toxic Dithizon-Zn"
complex by interseption of Zn"?-ions and forming new complex DMT-Zn",
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JlnadeToreni MbpIpbII 0aliIaHBICTBIPYIIbI KOCHUILICTAPMEH TYBIHAANTHIH
naHkpeaTuT B-)kacymajappiHbIH 0Y3bLTYbIH 601AbIPpMay/ia
2,3-1MMepKanTonponaHoJiAbIH KabijieTi Typaib

2,3-/luMepKanTonponaHol e3iHiH MOJNEKyIaIbIK KypambiHaa eKi cyabdruapuasai Ton (SH-ton) Gomnybiven,
cynbruapuibai pepmentT ToOb peakTHBATOp peTiHe Genrini xkoHe oHbIH SH-TOGB apKbLibl GaiiianbicaTbiH
ayblp MeTaJlJJapMEH yaKbITIA KELIeH Ty3yre Oeiimai. COHbIMeH KaTap KypambiHaa SH-to6w1 6ap L-ructuann
JKOHE LMCTEHH aMHMHKBIIKbIIAAphl B-xkacymmanapeiabig Zn"? woubiMen yakpITIna G6ainanbicTbipyFa Geiiml,
OCbUIaAIIA AMabeTOreH/li MbIpbill GaiIaHbICTBIPYIIE KOCBUILICTAPMEH ©3apa dPEKETIHE JKOHE HKOHbLTYbIH
Oonapipmayra 9peKeT ereli. ABTOpiap KOPCETKEHIEH, kaHyapiapra 2,3-muMepkanTonponanon 60 skoHe
120 Mr/kr mesuiepae eHrisy B-xkacyimanapaarsl MBIPBIITBI TOJIBIK TOCKAybULAaTambL. 2,3-/lMMepKanTonpo-
NAaHOJ NPEBEHTUBTI OPEKETi OHBIH KYPaMbIHIAA CYIb(GrHAPHIBAI TON MOJEKYIaNapbiHbIH 6ap GoybiMeH
CUINaTTanaabl IEreH KOPBIThIH/IbI )KaCaIbl.

I'.T".Meiipamos, K.-JI.Konept, JI.@ort, 3.T.Ksicraybaesa, I'.M.ThikexkaHOBa,
I''T.Tycyn6ekosa, ®.A.Munny6aesa, I".0.)Ky36aeBa, A.XK.I1laiiGek,
KK Kymaranuesa, C.C.Teipixanosa, K.A JKymamesa, A.KaiiGoraposa

O cnocodnocTH 2,3-1MMEPKANTONPONAHOIA PEI0TBPAIIATE
paspyuieHue NaHKpeaTH4ecKux B-kieTok, BbI3bIBaemMoe
AnadeToreHHbIMH IHMHKCBA3BIBAIIIHMH COEMHEHUAMHU

2,3-JluMepKanToNpONaHo ABISETCA BEUIECTBOM, CIIOCOOHBIM PEaKTHBUPOBATH CYIb(DIUAPHILHBIC TPYIIIIbI
(bepmenToB M 061a/1a€T CBOMHCTBOM (JOPMHPOBATH BPEMEHHbIE KOMILIEKCHI ¢ METAJIAMH, BKIIOYash LIMHK. W3-
BECTHO TAKKE, YTO HEKOTOPHIC AMUHOKHCIIOTBI, B YaCTHOCTH, IMCTEHH U IIIOTATHOH TAK)Ke COIEpKAT B CO-
cTaBe CBOCH MOJeKyibl SH-rpynnbl. DTH aMMHOKHMCIIOTHI MPH MAPEHTEPATLHOM BBEAEHHH MPEI0TBPAILAIOT
Pa3sBUTHE KCHEPUMEHTAIBHOIO CaXapHOro Juabera, BbI3BIBAEMOTO IIMHKCBS3bIBAIOIIMMHU Ha0ETOrCHHBIMHA
BeulecTBaMu. Jlokazano, 4To 3T0T 3¢ ekt 00ycIoBIeH X ClOCOGHOCTBIO (HOPMHUPOBATL HETOKCHUHBIE BpE-
MEHHbIC KOMIUIEKChI ¢ IMHKOM B-K/IETOK NaHKpeaTHYeCKMX OCTPOBKOB, 3alllMIAs HX TAKMM 00pa3oM OT pas-
PYLIAIOIIEro BO3AEHCTBUA AMabeTOreHHbIX XenaTooOpasopaTeneil. ABTOpaMH MOKa3aHo, 4TO 2,3-1uMep-
KanTonponaxos B 103ax 60 u 120 mr/kr cnocoGen npeoTBpaliaTh pa3BuTHE AuabeTa MouYTH y BCEX OMbIT-
HbIX JKMBOTHBIX. ABTOPaMH YCTAaHOBJIGHO, YTO 3Ta CIOCOGHOCTH 2,3-AMMEpPKANTONponaHona obycioBieHa
€ro CBOMCTBOM uepe3 SH-rpynmsl, BXOJSIIKE B €r0 cOCTaB, POPMHUPOBATH HETOKCHYHbIE KOMILICKCHI C LIMH-
KOM MaHKPEaTHYeCKNX B-KIETOK, MPEnsATCTBYs 3THM MOBPEKAAIOLIEMY ACHCTBUIO AMa0ETOreHHBIX IIMHKCBSI-
3bIBAIOLLMX BELIECTB.
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Preface

Diabetes mellitus is a severe disease, and its prevalence is dramatically increasing world-wide. The
complications associated with the disease include cardiovascular disease, blindness, amputations,
end-stage renal disease, kidney dialysis, and kidney transplantations and present major public-health
problems. Furthermore, diabetes costs are exceeding meanwhile billions of dollars annually and put
tremendous burden on national health care systems. Recent years have seen a significant progress in
basic knowledge on diabetes due to enormous research efforts, making possible the development of
new technology and therapeutics for diabetes management and care.

It was just diabetes research, when Dr. G. A. Meyramov from the Karaganda State University joined
me in 1977 in Karlsburg and started out to study how tryptophan metabolites could induce diabetes
in animals. Since then we look back on a very fruitful cooperation between the Karaganda State Uni-
versity and the Institute of Diabetes Karlsburg.

It was a landmark decision of the Faculty of Biology of the University and the Publishing House of
this journal to issue a volume focusing on problems in diabetes. Of note, this is the first time in the
history of Kazakhstan and Central Asia that there is a special issue of this distinguished journal,
exclusively devoted to diabetes research. The Editors of this journal, by inviting contributions from
international as well as national diabetes experts, made an important step in enhancing and
disseminating knowledge about diabetes but, beyond that, lay emphasis on care and management of
diabetes in Kazakhstan.

We trust that readers will welcome the present issue and benefit from the contributions herein
provided by experts in the field.

“

Prof. Klaus-Dieter Kohnert, MD, PhD Prof. Gabit G. Meyramov, MD, PhD
Institute of Diabetes “Gerhardt Katsch*, Karaganda State University,

Karlsburg, Germany Karaganda, Kazakhstan



