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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 sulthydryl 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.
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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 («SIGMA») 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 Zn"-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.

Intact rabbit. Injection of Dithizon, 48,9 mg/kg; dark microscopy; red granules of complex zinc-DZ in B-cells; [*280]

Intact rabbit. Positive fluorescent reaction for Zn in B-cells: intensive green fluorescence of Zn in cytoplasm of B-cells; [x140]
Injection of DMP 60 mg/kg + DZ; dark microscopy; only B-cells contacted with capillaries contain complex zinc-DZ; [x280]
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; [*140]
Dithizon, 48 mg/kg. Aldehyde-fucshine staining; destruction of B-cells; degranulation, decreasing of insulin content in B-cells; [x280]
Injection of DMP + DZ; Aldehyde-fucshine staining; histostructure of islets and insulin content in B-cells without changes; [%280]
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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
. .. Blood Glucose (mmol/l), day
Ne Conditions Bofore 1 3 5 7
1 |Dithizon, 46,8-48 mg/kg 2 animals 5,1+0,3 | 3,0£04 | 9,6+1,2" |12,6+2,2°|16,2+2,6*
2 |DMT, 102-110 mg/kg + Dithizon, 48,8 mg/kg, 4 animals | 4,9+0,4 | 52+0,4 | 5,6+0,5" | 5,8+0,7° | 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
/ N
Me?** — R Me 4 2H*
\SH+ ) s/ ¥

R

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].

HS —CH, S—CH,
| +2 Zn AN +
HS —(lfH +7Zn —> S— (lfH + 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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JAnadeToreHai MbIpbIlI 0AHJIAHBICTHIPYIIBI KOCHUIBICTAPMEH TYBIHAAWTHIH
naHkpeaTuT B-skacymanapbiHbIH 0Y3bLIYBIH 00J11BIpMay/ia
2,3-1MMepKanToNnpoNnaHoJJAbIH KadijleTi TypaJibl

2,3-JInMepKanToNpoIaHoJl ©31HIH MOJICKYIAIBIK KypaMbIHAA eKi cyabdruapmwibai Ton (SH-Tom) GomybiMeH,
CynbGTrUapuIIBAl GepMeHT TOOBI peakTUBATOpP peTiHae 6enrini sxkoHe oHbIH SH-TOOB! apKbUTbI OaiiIaHbICATHIH
aybIp MeTaJIapMeH yakbITIIa KelleH Ty3yre Oeiiimai. CoHpIMeH Katap KypambiHaa SH-ToOsI 6ap L-ructunun
JOHE LUCTEMH aAMUHKBIIIKBULIAPE! B-Kacylmanapsineie Zn'> HOHBIMEH yakbITIIa GaiimaHbiCTEIpyFa Geifimmi,
ochUIalma AuabeToreH Il MBIPBII OalIaHBICTHIPYIIBI KOCBUIBICTAPMEH €3apa OpEKETiHE KOHE YKOHBUTYbIH
OonmplpMayFa opeKkeT eTeli. ABTOpIap KOpCeTKeHJeH, skaHyapiapra 2,3-IuMepkanrtonpornanoi 60 sxoHe
120 Mr/kr Memmepse eHrizy B-)kacymramapaarbl MBIPBIIITEL TOJNBIK TOCKAaybUIAaTambl. 2,3-JuMepKkanTonpo-
TIAHOJI TPEBEHTUBTI OPEKETI OHBIH KYpaMbIHAA CyIb(OTHAPHIBII TOI MOJIEKYJIAJApBIHEIH Oap OOJybIMEH
CHITIATTaJaJbl AeTeH KOPBITHIHIBI KAaca/bl.
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O cnoco6HOCTH 2,3-AMMEPKANITONPONAHOJIA NPeI0TBPALIATH
pa3pylieHne NaHKpeaTHYecKUx B-kieTok, BbI3bIBaeMoe
ANa0eTOreHHBIMH IMHKCBS3bIBAIOIIMMHU COeTHHEHUSIMH

2,3-JInMepKanToNpOIIaHOJI SIBISETCS BEIIECTBOM, CIIOCOOHBIM PEaKTHBHPOBATH CYIb(OTHAPHIGHBIE TPYIIIBI
(hepMeHTOB 1 00J1aJaeT CBOHCTBOM (pOPMHUPOBATH BPEMEHHBIE KOMIUICKCHI ¢ METalIaMH, BKIIIO9ast IIUHK. V3-
BECTHO TAK¥KE, YTO HEKOTOPBIC AMUHOKHCIIOTHI, B YACTHOCTH, LIUCTEUH U INIIOTATUOH TAaKXKE COLEPKAT B CO-
cTaBe cBoel MouseKynsl SH-rpynmsl. OTH aMUHOKHUCIOTHI IIPH MapeHTEPaNbHOM BBEICHUH MPEIOTBPAIIAIOT
pa3BUTHE 3KCIEPUMEHTAIBHOTO CaXapHOro AuabeTa, BBI3BIBAEMOI0 LIMHKCBSI3BIBAIOIINMU AMA0ETOreHHBIMU
BeuiectBaMu. J[oka3aHo, 4To 3TOT 3G deKT 00yCIOBIeH UX CIOCOOHOCTBIO (POPMHUPOBATH HETOKCHYHBIE BpeE-
MEHHbIE KOMIUIEKCHI C IIMHKOM B-KJIeTOK MaHKpeaTH4eCKHX OCTPOBKOB, 3aIllUIAs UX TAKUM 00pa3oM OT pas-
pYLIAIOMEro BO3ACHCTBUS NUAaOETOTEHHBIX XellaTooOpa3zoBaTeineil. ABTOpaMH IOKa3aHO, 4TO 2,3-auMep-
KanTornpornaHoi B go3ax 60 n 120 Mr/kr cnocoOeH IpenoTBpamaTh pa3BUTHE AuadeTa MOYTH y BCEX OMBIT-
HBIX JKUBOTHBIX. ABTOpaMHM YCTaHOBJIEHO, YTO 3Ta CIOCOOHOCTH 2,3-AMMEpKalTOINpOoNaHoa 00yCIOBICHA
ero cBoHcTBOM uepe3 SH-rpymmel, BXoJsIue B €ro cocras, (OpMHPOBATh HETOKCHYHBIC KOMILIEKCH C I[1H-
KOM IaHKPeaTHYECKUX B-KIETOK, MpensaTCTBYs 3TUM MOBPEXIAIOLUIEMY AEHCTBHIO AMAa0ETOTEHHBIX LIMHKCBS-
3bIBAIOLIHUX BELIECTB.
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