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At a eoumcemmtmatiomm eif 1.0 nmin, 6 , 6’-ditimiodiumicotiuiic acid timid 5 , 5’-ditiuiobis(2-mmitmobommzoic

acid ) stimmmulated insulin release fmommmimuicre�c1issoct ed pancreatic islets oif imereclit ary obese

(ob/ob) muuice’. ‘\Iicmoll)erifusie)ni exjxminie’nmts shomie’d that time’ secretory respeinmse’s oe’curred

I)molImml)tl�’ upoim exposure to the sulphydmyl reage’nmts. Perifusiomm with 6 , G’-dithiodinuicotimmic
acid immeluce’d a sustaummed emuimanmceimme’mut(If immsuhimm release without ammy signs of multiphmasic

secro’tiolmu. This reagenmt induced a sinmilar release’ pattern at both 3 and 17 immmn glucose,

although time imigim glucose commcentmatienm appeared to pe)t(’imtiate time’ effect of 6 , 6’-dithio-

dimmicotinic acid. The dvnaimiie’s of immsulimm release’ mm respommse’ to 5 ,5’-dithioihis(2-nmitrobe’umzoic
acid) do’pemided mmmarkedlv, iioivever, on the accommipanmving glucose conicenmtrmitionm. At 0 amid
3 mmmiiglutcose amm inmitial p(’ak eif release si-as followed by a steady decline towards the’ i)asal
release’ rate, svhe’meas at 17 nmsn glucose 3 , 5’-dithiobis(2-mmit.rohenmzoic acid) prelducod a sums-

taimme’d enlmammcenmmenmt of secr(’tion. The’ onmission of cmulc’iurn significaumtlv iumhibito’d immsulimu

release in respommse toi either of time tsvo disulphide’s, altimoiuglm clear-cut stimumulatiomm was still

Oi)tainiO’(l. In markeel c�ommtmast, 17 immin glucose did niet elicit eve’nm mimi imuitial l)e’ak of immsulinm
release’ ss’Iuen calciummm si-as e)rnitted fronmi the pe’rifusiomm medium. 6 , 6’-Dithiodimmicotimmic

acidi (0.01-1.0 ummim) httd mmcl effect on the o)xidmitionm oif [I.J-’4C]n-glue�ose’. Signmificammt immimibitielmm

of glucose oxidationi was obtainued svitlm 0.1 ammd 1 .0 nmmn 5 , 5’-ditimiobis(2-mmitrobemmzeiic acidi),

ivhue’meas at a commcentmatie)n ef 0.01 nuim timis reage’umt stimmiulated oxidatiomu. Since’ the clisul-

phides (10 nmot readily p(’mmetrate cell immo’nml.manes, timo’ results tire consistemit with our imy-
po)timesis that iimsulinm release is regulated by relativ(’ly superficial timiol groups iii the fl-cell

plasmmua nue’mmmi)ramme. Hoiseve’r, further studies are’ necessamy to excluide the peissibility that

time’ obse’mved effects we’me due to siumaul ammmeuunuts of disuilpimido’ ento’rimmg tiu(’ fl-cells.

INTROtIUCTION /)-ciulomoinmo’meuribenmzo iic ae’icl (1 ) , which
� . . forum r(’adi Iv reversible immercapt ides mumid
fsio cnmffo’memmttypo’s cii sumlpiivdrvl re’mmgo’mmts . .. .

. . . . : uoldlo)a(’e’tmtnumde’ (2) mu immome lmr(’vemsmblv re-
ame kumowum to stmnmulate’ mrmsulmmm release’ : . . , .

. . . actmimg alkvlatmnmg conumpound. ‘1 he’ organmic
emmlomommmo’mcumrnoe’mlz(’mle’-p-sunlpno)mmnc mi(’ldl alma . . . .

mmmere’umnals stmimmulmmteci mmmsumhmire’lease’ e’qummlly

This york is-mis suippo)rted by Ssiedish I\Iedicmul smo�ll at 3 � miimd 1 7 nm� glucose’ ( 1 ) , mvhie’me’as

ilesemiroli Couuuoo’il ( ;rmiuuts 12x-562 munid 12x-2285. timo’ effect oif ioicloimue’etmiimiide mitts immtirke’dlv
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gluco iso’ de’p(’ImdlO’Iit (2) . Sinmee’ chili )rommmo’I-

curihenzenme-p-sulphomiic acid penetrat(’s cell

nuo’rnbrammes sloss-ly, it svas suggested timmit
imisuhin release may be regulated by rela-

tively superficial thiol groups mm time fl-cell

plasnma nmenuhrane. More precisely, the

hypothesis was put forivard that time me-

action of sulphydryl re’agenmts with tiuese

tiuiol groumps cause’s the activtttieimm of sommie

commuponmenmt of time physiological release

nie’chanmisrn (1 , 2).

To t(’st thus hypoth’sis further, we imave
extended our studies to) inmclude a third
class of sulphydryl reagemmts. 5 , 5’-Dithiobis-
(2-nitrobenzoic acid) arid 6 , 6’-dithuiodi-
nice)tinmic acid react. svith tiuiol groups imm

tissues to fornu disulpimide bridges hetsve’en

tissue amid reagemut or between nmeighhoumimug
thiol groups in the tissue (3-5). Both corn-

pounds are electrommegative disulphides smith

a poor capacity to enter cells (4). It mviii

be shosvmi that both 5 , 5’-dithiobis(2-mmitro-

benmzoic acid) anmd 6 , 6’-dithiodimmicotinic
acid stinmmulate inmsuhin release but differ
with respect to their dependence on glucose

ce)umcemmtratiomm. The nmechanism of iimsuhinm

re’lease in responuse to sulphydryl reagenmts

mmiii be discussed in reiationi to the differences

imi glucose dependence amid the inhibitory

effects of calcium deficiemmcv.

MATERIALS ANI) METHODS

6 ,6’-l)itimiodinmicotimmic’ acid (lot C 671) svas
oi)taimied frommi Nesvcell Biochenmmicals, Berke-

hey, Cal., amid 5 , 5’-ditiiiobis(2-nmitroheumzoic

acid) from British Drug Houses, Ltd.
12 uI�Labellec1 imusulin was purchased fronm

Novo A/S, Copemihagemm, amid fromum Farb-

sverke Hoechst A. C., l’rmiimkfumrt1/i\Iainm,
amid immsuhin anitibodies fmommmXovoi A/S amid
\V(’llco)me Reagenmts, Ltd . , Beckemuimanm,

U. K . [U_m4C] 1)-Glucose’ iimi5 oi)tai nmed froimm

Time Radiochernicai R(’nmtre, Anmershanu,

U. K. All otiier cornpeummds svere comumnmer-

ciallv availai)le reageimts of analytical grade.

Distilled , dl(’ie)nized svat em svas used! through-
out.

Islets were’ rnicroelisso’ct e’d freo’imaumd (6)

from time pamicreatic glands of adult ob/ob

mice siimicim had be’d’nm fmmsted ovennmigimt.. The

aninmals ivere taken frommu a local colommv that

humis bo’e’nm limed mi our labomatorv fo)r more

thmamm 10 vo’mims. hrel)s-Rimigem-biemirl)onate
buffc’m equilibrated svith 02-C(J1 (95:5)
i\.as umsed as the basal nme’dliunm mi mull mu-
cuhatioins. Iii studie’s of insulin release,

time’ mmmediunmm mulso e’oumtaimme’d 1 mug of albumin

per immillilite’r. whereas albunmiim-fre’e’ media

were unscd in time glucose’ oxidationm experi-

immemits. l’urtimd’r additioims to time’ immo’dia mire

clo’sc’ribe’d iii the’ lege’mmds to figures timid

tal)les.

Tw-o differenmt nme’tiuods were used for

nme’asuriuig immsulimm release, bothu of svimich

hmuve’ l)o’erm described in detail elsesvhere

(1, 7, 8). mm onme type of expemimemmt, batcimes
(If tsV() islets were’ immcuhated for 60 mimi in

300 ,il of nmediunm, ammd inusulini svas deter-
nmiimed mm samumples of nmediuimm takemi at time

emid of time incubation period. This tech-

mmiquo’ . mshich nmeasures time’ nmean rate of

imusuhiim release over 1 imr, mviii he referred to
as “batch tVl)e” incubatiomis. The dy-

nammmics of immsuhimi release mi-mis studied svith
the aid elf a mumicropemifusion apparatus,
svhuichm iermits eolmtimmuo)us sampling of in-

sulin at. various intervals during immcul)ation

(8). Tivo islets mi-crc placed in a poilytimemme-

mmvlomm chanmher svith a volume of 4.5 jJ

aimd siere perifused at ti rate of 33-35 p1/mimi.
Two reservoirs mi’ere conmnecteci ssitim time

iierifusiomm chammmher mi such a ssa�’ as to
aulosv sudden alteratiomms of the’ nmedium
fed to time islets. Iii each I)erifusioni experi-
immenit three different cimanubers mmere loaded

si-ith islets fromum a single aninmal amid run

in parall(’l. Results given are mmmcmiiivalues
for these three cimanmbers . The represemmtative
nature of published curves svas assessed mm
repeated e’xperimumeimts. Inisumlin si-as assayed

radioimumnmunmologically , usinug o‘thaumol to

separate free and amitihody-bound inmsuiin

(9). At time eeInmce’ntratiorms unseel, time di-

sulphides did not affect time immsulimm missay.

Glucoise oxidmmtion smas immemisured by in-

cubatimmg single’ islets as previounsly de-

scrii)e’d (10) iii 100 /11 elf nmediummm conitainimig

10 huE [U-”C] o-gluicose ( 1 .7 imuCi/mmmnuole).

After time incubationus, all islets sier(’ freeze-

dried rind iveighied oum eiuartz fibre balammces

(1) ; rates of imusulin release and gluncose

e)Xidtitiomm were expm(’ssedl jer umnmit oif dry

w-eigimt O)f iSl(’tS. Uimless otiuemwiso’ stated,

statistical to’stinmg mvmus eammio’el oluit l)y (‘oh)-
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puting I values fromum the nmean ± stamudard

error of differences between paired obser-

vations.

RESULTS

Table 1 simosvs the effects of differemmt

concentrations of 6 , 6’-dithiodinicotinic acid
or 5 , 5’-dithiobis(2-nmitrobenzoic acid) on

the’ release of insulinm in batch type iimcuba-
tions for 60 nun. Although both substances
see’nue’d to) elicit a dose-dependent re’lease

from 0.01 to 1.0 mM, stimulation was sig-

imiflcanmt e)nly mvith 1 .0 mit 6 , 6’-dithiodi-

nicotirmic acid and with 0.1 or 1.0 m�r 5,3’-

dithiobis(2-nitrobenzoic acid) . Stimulation

was obtained whether the accompanying
glucose concentration was 3 mu or 10 rnw.

None of the sulphydryi reagemuts seemed to
inhibit glucose-stimulated insulin release.

The dynamics of insulin rele’ase iii re-

sponse to 1 .0 mu 6 , 6’-dithiodinicotinic

acid or 1 .0 mu 5 , 5’-dithiobis(2-nitrohemmzelic
acid) is shosvim in Figs. 1-5. 6 , 6’-Dithio-

dinicotimmic acid rapidly stimulated irmsulin

release’ at both 3 mM and 17 mir glucose
(Fig. 1). Stimulation was evident during

the whole perifusion period (75 mm),
there being no signs of a muitiphasic re-

lease pattermm. The corresponding records of

insulimi release in response to 5 , 5’-dithiobis-

(2-nitrobenzoic acid) are shown in Fig. 2.
When tested imm a glucose-free medium,

5 , 3’-dithiobis(2-nitrobenzoic acid) caused a
nuoderate initial peak of insulin release,

w’hich mvas soon followed by a return to the
basal rate. In the presence of 3 m�si glucose,

5 , 5’-dithiobis(2-nitrobenzoic acid) quickly
raised the release rate to a level as high as
about 250 pg of iimsulin per microgram of

islets. dry weight, per minute. After a fesv

minutes the release rate started to fall,

resulting in a distinct initial peak. A quahi-
tatively different pattern mvas obtained
when 3 , 5’-dithiobis(2-nitrobenzoic acid) was

tested in combination with 17 nm� glucose.

Agaimm 5 , 5’-dithiobis(2-nitrobenzoic acid)
caused a prompt stimulation of insulin

release. No initial peak was observed, but
insulimm release steadily approached a rate
mvell above that recorded mvith 17 mmmii glu-

cose alone.

Whemm islets were exposed to a brief pulse
elf 1 .0 mit 6 , 6’-dithiodinicotiiuic acid, the
rate of insulin release started to rise but fell

again upon withdrawal of the reagent (Fig.
3). In contrast, in the presence of 17 nmmi

TAmtm�E 1

Effects of different comicemitrations of 6 ,6’-dilhiodimoicotin.ic acid an(i S ,5’-(lith iobis(2-nilrobemizoic acid)

0)0. imisulime release

After preliminary incubatioum with 3 mM gluncose for 40 mm, the islets were incubated for 60 mm with
the disuulphide and glucose as immdicated. Amounts of insulin released during the final 60 mm are pre-

sented as meamm valunes ± standard errors for the nunmbers of experiments shown in parentheses.

Disulphide Concen-
tration -- -

Insulin released

3 m m&glucose 10 m� glucose

nEil ng/hr/Mg islets (dry met)

6,6’-Dithiodinicolt.inic acid 0
0.01

0.1

1.0

1.30 ± 0.21 (5) 4.61 ±
1.79 ± 0.49 (7) 5.38 ±

2.05 ± 0.50 (8) 5.26 ±

4.01 ± O.S4� (8) 6.65 ±

1.12

1.09

1.04

0.76’

(7)

(8)

(8)
(7)

5,5’-Dithiobis(2-nitrobenzoic acid) 0”

0.01

0.1

1.0

0.57 ± 0.15 (5) 4.83 ±

1.13 ± 0.43 (7) 5.07 ±

2.35 ± 0.55d (5) 7.46 ±

2.80 ± 0.40d (8) 7.19 ±

1.57

1.49

1.85”

1.47#{176}

(8)

(8)
(8)

(8)

“ (�initrol.

b � < 0.001 conupared with control.

C p < 0.05 conupared with control.

d � < 0.01 compared with control.
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glucose, time’ effect of 1.0 ni.mm 5 , 3’-dithielhis-

(2-nitrobemizoic acid) svas mmot readily re-

versible (Fig. 3). After S mm of perifusion

with 5, 5’-dithiobis(2-miitrobemmzoic acid) the

islets released insulin at a stimulated rate

that. mvas maintained for almost 1 hr. L

Imi addition to) sheisviiig that 6 , 6’-dithio-

dinicotinic acid stimulates inmsulin release

at both 3 mmmii amid 17 mmmii glucose, Fig. 1
suggests timat. the effect of 6, 6’-dithio-

dinicotinic acid is nmore pronounced at the
high glucose concemutration. Sinmilarly, in a

30 60 90
PERIFUSION TIME (MIN.)

FuG. 1. Dipoam.ic.s of imisuilimi release iii re.spomo.se to 6,6’-dithiodimiicolimoic aci(l ((�Pl)S)

Islets were perifused with 3 mm (0) or 17 nut (�) glucose. After 60) mimm 1 imu�u 6,6’-dithiodinicotummic

acid was added to the mediunni, and perifusiomi with disuiphide was continued for 75 mm (bar). The

pomnits represent the average rate of insulini release over each samplirmg period.

w
(I’

0

0�

a

0
Li
In
‘3

Li

a

z

In
z

PERIFUSION TIME (MIN.)

FI. 2. Dynamics of insulimi release in response to ,5,5’-dithiobis(2-miitrobenzoic acid) (l)’l’.VB)

Time experinueumts were desigmmed as in Fig. 1, with the exception that three difleremit c000(’enutrmutio)nis

(.)f glucose were used : 0 mis (A), 3 mm (0 ), timid 17 mnmi (I).
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#{149})or 1 mit.�i. 5,5’-dithiobis(2-nitrobenzoic acid) (D’I’.\B, E�)

The disumlpimides were included iii the nieditnmmi mus indicated by time soolid hmurs. The glucoise coimcemmt rm-

tioomi wmus 3 unit throughout the experiniemmt with 6,0�V-dithiodimmicotiumic acid mind 17 mu tlmroughoumt timat

witim 5,5’-dithiobis(2-miitrobeuizoic a(’iOl). The points represeumt the average rmute of insulin release (iver

emu(’ii 5muflm�)linig perioid.
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Effect of 6,6’-dithiodinicotinic

acid
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series of i)ateim type’ incul)atie)mms svitii 1 mmmii

(1 , 6’-ditimiodimuiceitinie acid, time disuiphide-

imuduced se’eretorv ro’Spelnise seolumed to in-

crease ii-itii time’ glucose ceimmcemmtratiomm (Table

2). Hosve’ve’r, as judged fmonuu an analysis of

vmuriammce, time mmpparelmt pot (‘mmtiatiomi i)e-

tsvee’ni glucose timid 6 . 6’-ditlmiodiimicotinic

acid was imeit statistically sigmmiflcant. Such

mm study si_as no)t perforlumed svitim 5 , 5’-

DTNB (1mM)

dhitimiol)is(2-mlitreil)emmzoic acid) , since the

qualitatively differelmt patterns of release
at different glucose’ ceind’elmtratiomis (Fig. 2)

precluded a me’aumimmgful analysis of time in-

teractieimm svith glucose iii i)atch type ili-

cubatiorms.

As sheiwrm ili Figs. 4 amid 5, tnt initial peak

(If inmsulimm release mvmms recorded svimeri islets

si-crc’ perifused si-it ii 5 , 5’-ditimiobis(2-nitro-

i

Li

a
0

a’

a’

0
Li
In
4
Li

Li
a

z

In
z

Effects of 6,6’-dithiodinicotinic acid on insulin release in the pre.s’ence of (lifferent concentrations of glvcose
Islets were first iumcuihated for 60 mm with the listed conmcentrmutionms of glucose. They were timemi inert-

llmute(l for runiotimer perioid (If 60 nmiui in nmediunm containing time smmnme couicentrat.ioins oof glincose as well as

0 un I mimmi(i , 6’-dit imiO(linmic(lt.immic acid . Aumm(Iumuts t)f immsutlin relemused during the fimimul 60) mimi are presented

mus mi Tmuhle 1.

Glucose Insulin released

No 6 , 6’-(lithio(linicotinic 1 m� 6, 6’-dithiodinicotinic

mtci(I aci(l

‘ml)! ng./zr, �.og islets (dry m�t)

0 0.45 ± 0.11 (8) 1.14 ± 0.20) (5)

5 0.71 ± 0.15 (5) 1.50) ± 0.50) (5)

10) 2.55 ± 0(i) (5) 4.17 ± 0.72 (5)

20) 5.59 ± 0.60) (5) S.70 i 0.60) (5)

(‘ p < 0.02.

0)69 ± 0.20’ (‘S)

1.09 ± 0.57 (8)
1.32 ± 1.03 (8)

3.11 ± 1.01” (8)
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30 60 90

PERIFUSION TiME (Mm.)

Ft dI . 4 . LJ7C(t of en !ci miin (Ic/leo en � on il!1,, (Liii i es of iii s o�l, mmr(’!(’as( i ii ro.s/)(in .‘m( to 5 ,5’ -di I/o iobm s (2 - mmit ro -

benzoic acid (DT”sR) or glucose

1mmmull mmiedimu (‘muC’l� ‘,smis repimuced liv eqitimiiodmur INmuCI. Time mimmoini dimigrmummi shows the died of I nmiM

5 , 5’-dit imioi)is (2-imit roii)enizo ic mind ) (s lid lIar) i ii 0 lie ilresenie oif 3 mit gl moo 50’ . Tue i niset shows mu omor-

rc’spondinmg experimneimt in ‘rviiio’im t lie islet s i�-ere first exp(ose(I t oi 3 mit glino’oise’ mind moft e’i� 50) mimi I ( o 17 nut

glucose. In time lmutter exl)erimmmenit. noi disuiphide was used. The poants repre’semit the mivermuge rmut e of

i misul i ni relemuse 0oven emuc ii smuiiipl i nmg po’ n�ion!

PER)FUSION TIME (M)N.)

Fm G . 5 . PJfo�(�/ ()�/� (0 !(! 11 110 ile/ici i ii (!/ 01/ �1!/” (I 111 �(.5 of I n ‘i ii Ii ii re!ea.se i ii rospon se /0 6 , 6 ‘ -dub i odi a i mo) i ii ic

acid (CPI),S)

The islet s were peni fused fi r 90 mmiiii wi I Ii mu nlme(lioimii i ni whio ii ( ‘mu(l 2 limul been r(’plmiceol by equnimio olmmr

NaCl. Duriimg the lmist 30 muini 0 of t imis Peru 0(1 1 mmiii 6 ,6’-di I hio di niicod i moe acid wmu.s alsoi presenit i mm time

mimediunu, amid Pemifusiooni imit ii t lie’ elisulphide �vmus oonot jotted for 60 mimin (soliol ham) . .\.ft em 30) multi of cx-

posure to t he disulphiole , 5 nmmlei 0 if (‘�o2� \ver(’ mudded . The gl tico ose (0 intent t ra 1 io ni ivmis 17 mmiii t liroiugho out

1�his glucose commcent nmut iomm did moo1 sI immuotimote inistili no m-c’lemise ivimeni (mulci oinmi �smis 0 Oltil t I (‘(1 . ‘Floe l)�init 5

represemit the mtVermigO’ rmo Ic 0 of i nisoil I no release’ i ovo’r emu(’h smunipl ito g peru 0(1



6 ,6’-l )it hioodinmicot inic micid

5 ,5’- I )ithioollis (2-nut roibenmzooic acid)

111.1! mmz.ti mzg hr, jog islets (dr�’ m�t)

0 3 1.51 ± 0.45 (8) 2.16 ± 0.54 (8)

1 3 3.01 ± 0.39 (5) 3.21 ± 0.62 (7)

0 10 5. 72 ± 0. 79 (8) 2.91 ± 0.52’ (8)

1 10 9.6#{176}.)± I .71 (5) 1.49 ± 0.25’ (8)

0 3 1 . 95 ± 0 . 53 (7 ) 1 . 43 ± 0 . 50 (7)
1 �3 3.70 ± 0.64 (7) 1 .85 ± 0. lS� (7)

0 it) 5.44 ± 1.06 (7) 1.25 ± 0.37c (7)

1 10 7 .(‘o9 ± 1 .67 (7) 3 .54 ± 0.92e (7)

‘p<O.Oletonmpared with correspormdinmg value at 5 mImE(1 (if CaI+.
h � < 0.05 oonipared with corresponding value at 5 mtul(! of Cam#{176}.

C p < 0.02 o’ompared with coorresponding value at 5 mmil’�i of CmuI+.

T�Imn�f: -1
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a p < 0.05.

b � < 0.025.

beimzoic acid) or 6 , 6’-dithiocliruicotimuic mmcid
in a calciunu-free’ mmmediunm. However, Fig. 5

also shows that. calciunu deficiemicv immhibited

insulimm release mi response to 6 , 6’-dithio-

dinicotinic acidl. The release rate mvas not

mmmaimmtaine’el at. the irmitial high level (cf.

I”ig. 1), but d(’chni(’d ummtil calciunm sm-as again

i mmtmeidue’ed into t hue’ pe’rifusioim nmediunm.
rj�� l)titCii tyIJe ilmcui)tmtiolm data (If Table 3

suggest that the stinmunlatorv effect of 5 , 3’-

T.rnn.n: 3

Effects of calcio�mmo (lejiciency OFi insoilimi release iii re.spomo.se to glucose, 6 ,6”-dith io(linic(otinic acid,

ami(l 5 , ,5’-dith ioibi.s (2-mo ilrtibemozoic (iclil)

Islets were first ilmclnl)ated for 40 minm in medium c(Otitainii!ig 3 mmmii glucose anmd 0 or 5 mimEot of Cam+.

The�’ were themm immcuhated for 60 nun with the salmie o’omicent.ratioonms of calciunmi, as well mis glue’oise and

disulphide as immdicated. Ammioumits of iimsulin released durimmg the fimmal 60 mm are presenmted mis mi Tmible 1.
CtiCl2 was replaced i)y eqinimolar concentration iof NaCl mm (‘muleiunm-deficielmt media.

Disulphide Disul- Glucose Insulin released
phi(le concen- - - �

concen- tration 5 mEq Cai+ � Ca2�
trationm

Effe(ls of 6 , 6’-dith iO(limi i(O1 in ic aci(l a ad 5 , 5’-ditlo inbis (2-nitrobemizoic acid) on glucose oxidat zomi

Islets were first incubmuted for 45 mm iii nuedium coonitmuininig 3 mM glucose. They were themi imicuhated

for 60 mimi with 10 ni�mo [U-t�C]D-glucose (1.7 mCi/nmnuole) mind time indicated e(inmcemitrmmtiomms of the di-

sulphide. Pmmrrullel control incubatiomms were perfornied witlmoiut time disuiphide in the mmmedium. Amoummts

(Of ‘�CO2 liberated are expressed in ternms of glucose e(luivmilenits ooxi(lize(l. ilesults are given as nuean

values ± standard errors for each test medium as well as foor the diflerences betweemi parallel test and

co)mmtrol incuhationms. The nummihers of experiments are slmowmi mi parentheses.

Disulphide Concentra- Rate of oxidation
tion - -- � -�--- --- . -�-

‘l’est value Test minus control

mmz_if mnmmzoles/ir/1eg islets (dr�’ met)

6,6’-l)ithiodimmicotimmic Imcid 0.01 26.3 ± 4.6 (6) -7.2 ± 5.2 (6)
0.1 :35.7 ± 7.0 (6) 5.2 ± 7.6 (6)

1.0 :32.4 ± 4.7 (6) 3.7 ± 3.9 (6)

5,5’-1)ithiobis(2-mmitrobenizoic acid) 0.01 37.1 ± 5.0 (5) 11.9 ± 4.0’ (5)

0.1 11.9 ± 6.7 (4) -18.1 ± 4.4’ (4)

1.0 16.6 ± 3.3 (5) -8.6 ± 2.3t (5)
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dithiobis (2-nit robeiuzoic acid) was pmob-

ably also) decreased by calcium deficieimcy,

at least at a low glucose concentration. It

must be stressed that omitting calcium

from the’ immcubation medium probably does

not result iii a total disappearance of calciumn

from the incubated or perifused islets.

Therefore the dynamic records in Figs. 4
and 5 do not rule out the possibility that
calciumum iomi is important for the initial
secretory responses to 6 , 6’-dithiodinicotimiic
acid and 5 , 5’-dithiobis(2-nitrobenzoic acid).
They imidicate, homvever, that these sulph-

ydryl reagenits have a requiremenit for

calcium that is different from that of gin-

cose. Whemu calcium was omitted from time

perifusion medium, there was not even a
tendemucv to stimulation in response to 17

mit glucose (Fig. 4). In contrast, a clear-
cut initial response to 5 , 5’-dithiobis(2-

imitrobenzoic acid) mvas still observed mvhen

ethylene glycol bis(fl-aminoethyi ether)-

N , N’-tetraaeetic acid was iimcluded as a

calcium-chelating agent in the nuediumum

(not shomvn).
Table 4 shosvs that 0.01-1 .0 mmmii 6 , 6’-

dithiodimiicotimiic acid had no significammt

effect omm the oxidation of glucose by micro-
dissected islets. Significant inhibition ms’as
observed mvith 0.1 and 1.0 m�r 5,5’-dithio-
his(2-nitrobenzoic acid), svhereas at a con-

centratie)n of 0.01 mit this re’agent stimumu-

hated the oxidation of glucose (Table’ 4).

I)ISCUSSION

Douiglas et al. (11) arid Schofield (12) me-
ported that. sulphydryl reagents, includinmg

5 , 5’-dithiobis(2-nitrobeimzoic acid) , stimmmu-

late time release of pituitary Imomrmuommes. We’

observed that insulin release is stronugly

stimulated by omgammic mercurials at conm-

eentmations that had �uo dleteetal)le effect omm

the fl-cell �)e’rmmieaI)ility to) sucrose or malmni-

tol (1). Simmce the slowly pemnmeatimmg chioro-
rnercuribemmzene-p-sulphormic acid elicited a

pronupt secretory respommse fr alt nuicro i-

perifused islets, it svas suggested timat. insulin
release’ is regulated by relatively supe’rficial

thiol groups in the’ fl-cell plasimma me’Iuui)ramme
(1) . Sulpiiydryl reagents svere thougiut to

activate some component of the pluysi-

oiogical release mecimanisnum timroughi their
reaction with these thmiol groups. These

imypotheses have already passed one test,

as it was shomvn that, contrary to general
belief, iodoacetamide is riot a typical in-

hibitor of insulin release but under certain

commditions is a posverful immsulinm secretagogue

(2). The results reported hiere are also con-

sisteimt mvith the presence of regulatory thiol

groups in the 8-cell plasma membrane. Beilth
5 , 5’-dithiobis(2-mmitrobenzoic acid) and 6 , 6’-

dithiodinicotinic acid caused a prompt re-

lease of insulin iii the micrelperifusiomu system.
Although mi-c do not know mvhether these

sulphydryi reagenmts are capable of entering

the fl-ce’lls, other studies indicate that they
penetrate cell membranes slosvly (4).

There is a close correlatiomi betsveen glu-
cose-induced insulin release and glucose
nuetabolisnu in the pancreatic islets (13).
Hoivd’ver, insulin release in response to

sulphydryl reagents does not seem to be
mediated by stimulatiolm of glucose flue-
tabohism. Both orgalmic mumercurials (1) and

iodoacetamide (2) stinmulated insulin re-
lease strongly at concenmtratiomms svhich
had no effect on glucose o)xidatieln. In the
present study 1 .0 mit 5 , 5’-dithiobis(2-
nitrobenmzoic acid) inhibited glucose oxida-

tion svhereas 6 , (i’-dithiodinicotinic acid

had no effect.
It has been suggested that insulin se-

cretagogues directly or inidirectly change the

conmfornuatiomi of fl-cell plasma niembrarme’,
resulting iii alt(’red ionic fluxes, mvhich mm

turn activate the’ nuechanism for imisuhin
discharge (14). Blockade of thiol groups

mvith sulphydryl reagents could perhaps
result iii change’s of menubramie structure

that altem the iou permeability without
relmderimug the fl-cells grossly leaky (see
refs. 15 arid 16). If, as emmvisaged by Schsvartz

et al. (16), time ce)mmf(Irniationm of plasmmua
nmenuhranme is controlled by disulphuide
bridges, iou i)ermime’abiiity nuight depeimd on

the oxidation-reduction equilibrium i)C-

tsieen disulphide i)ridge timid thiol groups.

Iii such a mmmdcl sulphydryl reagents could

perhaps stimulate imusulin release by shiftilmg

the equihi)riuluu away froni time disulphide
bridge comufornuatiomi. Glumcose’-induced mm-

sulin release is associated svith a striking
increase mm the fl-cells of reduced pyridine

nucleotides ( 17) , smiiich nuight provide the
reductive potential that. is necessary for a
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thiol-disulphide bridge’ IflOde1 to miork as a

physiological nuechanismmu.
The above viesmpoiiuts simould not obscure

the possibility that sulpluydryl reagemmts
nuight affect the fl-cells in sume’im a comumplex

mvay that it cannot be fully exi)lairmed l)y

any single type elf imiteractiomi. In particular

it seenms miecessary to consider msimether all
the imuvestigated meagemits ame likely to act

Oh the samime timiol groups (is, 19). The

imiability ( If ie)do lacetamumide to st inuulmite

insulimi r(’lease ill tli(’ ai)semmce of glucose (2)

sugg(sts tiitut tiue’re is at least omme class of

timiol groups 1)lockade of mvhichi is miot suffi-

cient to produce the secr(’tagogic confornma-
tiomm ef the plasmmia nmemumi)ramme altimough time
fl-cells becoiuue Imyper-responisi ye to glucose.

On time other imamid, the glucose imidepend-
ence of orgammic nuercurials (1) amid 6,6’-

dithiodinuicotimmic acid suggests that a fully

secretagogic conforniationi cami be produco’dI

tiuroumghm time i)lolckade of certaimi other thiols.

Relativo’ly little is knosiiu about the mma-
ture of i(IImi(� fluxes across time fl-ce’ll plasmmma

mmmenubramme. It has been proposed that
recogmutielmu of a physiological stimmuulus m�e-

suits iii an imicreased net uptake of calcium

(20, 21), which mm turlm i)rings al)elut the

eiischmarge olf stored hmormo)mme (21, 22). Triter-
actiomms i)O’tsVd�(’Ii time’ fluxes elf Cmm2� and

other ions, notably Na�, mumay play aim im-

pelrtamut reguultitory role imm this pro�’e’ss (20).
Oumr observmitiomis t Imat e’alciuimm ei(’ficiemmcy

inmimibited imisulini r(’le’ase imm re’isl)olmse to

sulphydryl re’mmge’mits as miell as to glucose are

Ce mmsistemmt svitii an o)bhgatory requirement

fom ealciuni imm the dischuamge mmmecimtmmmismmu.
Hoivevem, there’ mvas a strikimmg dliffe’relmce

l)e’ti\eemi mmuost of the sulpimydryl reageluts

ttlmd glucose’ ivith regard to the’ Immaglmitude

(if iniuibitiomi cmius(’d by caiciummm deficiency.

\Vhere’as time e�mmmission of calciumuu totahl�’

abolished e’ve’mm time initial m’esponmse to

glucose, time’ stimmiulatory e’ffects eif 6 , 6’-

ditimioldimmicotiniic acid, 5 , .)‘-ehithui(Il)is(2-nitro-

i)enmzoic acidi) , and orgammic imme’rcumials ( 1)
mvere omuly I)mi mt ly inmhibito’d . I t t hero’fore

se’emums elumestionai)le� ivhetiue’r the drastic

effect oif calciummi deficiemie’v On glucose-

stimmmulate’d! insulimm release’ is dlue solely to

immactivatiolnm (If time’ ehschamgo’ nmo’e’hammisnu.

It seenus nmelre likely thmmt calciummm is also

required for time’ recogmmitioinm of gIuc’oIse (II

for a glucose-derived signal substammce to

immduce the proper commforlumatiommal change

amid korm pernueability of the fl-cell plasma

membralme. Such a role for calcium in the

early evemmts (If glucose stimulat.iomm nmight

miot he imeeded imi time’ action of those sulph-

ydryl reagents which imave a direct,

glucose-indepeimdemmt effect omm time plasma

memmubrane. .Ireimmi this poimit of viesi it is

plausible that calciunm deficiemicy has a
drmistic effect omm immsulimm release iii mesponse

t(I iodoacetanmide (2), a reagemut msimich acts

mis an insulin secretagogume ommly in the

presemice of glucose’.

Although time idl(’a that the sulphmydryl

reagemmts stinmumlate insuhinm release by nuodu-

latimmg iOIiiC fluxes mmmay be time simimplest cx-

plammation of time results obtaimued so far,

al terimmit ive nmeciuamiisnms e’annot l)e ruled

out. We have’ previously drawn attemmtion

to time possil)ihty that sulphydryl reagents

nmigimt elisplace imisulin fronu the fl-cell sur-

face (1). It mvas re’celmtly reported that as
large a nmolecule’ as pereixidmuse camm attach

to time’ fl-cells and enter by emmdlcleytelsis,

the rate of emitry l)eimmg increased during

glucos’-stiiuuulate’d immsul in secretion (23).

If timere is a simmmilam’uptake elf insulin during

secretiomm, sulphyclryl reagemuts could pe’r-

imaps inmhuibit time’ uiptake’ almd thme’me’l)y mi-

crease’ time’ 11(1 rate of insmmhimi release
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