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Insulinoma cells in culture show pronounced sensitivity to alloxan- 
induced oxidative stress 
H. Zhang, K. Oliinger, U. Brunk 

Department of Pathology II, Faculty of Health Sciences, Link6ping University, Link6ping, Sweden 

Summary In a model system of cultured J-774 cells 
we have previously shown that alloxan in moderate 
concentrations is toxic only in the presence of a re- 
ducing agent with the production of hydrogen perox- 
ide. The cytotoxicity was found to involve lysosomal 
destabilization. In the present study the cytotoxic ef- 
fects of (i) alloxan alone, (ii) a combination of allox- 
an and cysteine or (rio hydrogen peroxide were inves- 
tigated in two established insulinoma cell lines (HIT- 
T15 and RINm5F), and compared with the effects 
on J-774 cells. The protective effects of desferrioxa- 
mine and catalase, and the intracellular levels of re- 
duced glutathione and activities of the enzymes gluta- 
thione peroxidase, glutathione reductase and catalase 
were also studied. HIT and RIN cells showed about 
10 times greater sensitivity than J-774 cells against 
exposure to either alloxan and cysteine, or hydrogen 
peroxide. All cell types were relatively insensitive to 

alloxan alone. Preincubation with desferrioxamine 
and addition of catalase provided efficient protec- 
tion against cytotoxicity and lysosomal desta- 
bilization. HIT and RIN cells had less capacity to de- 
grade hydrogen peroxide and lower levels of gluta- 
thione peroxidase than J-774 cells. The lysosomal sta- 
bility in all three cell lines was directly correlated to 
their viability. We conclude that HIT and RIN cells 
have weak antioxidative defence systems resulting in 
enhanced lysosomal vulnerability when they are ex- 
posed to alloxan and cysteine, which produce hydro- 
gen peroxide extracellularly. The degree of cytotoxi- 
city seems to be dependent on cellular capacity to de- 
grade hydrogen peroxide and the lysosomal content 
of reactive iron. [Diabetologia (1995) 38: 635-641] 
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Many types of cells including, and above all, the pan- 
creatic islet beta cells, are vulnerable to the cytotoxic 
effects of alloxan [1-7]. Alloxan can also cause dam- 
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age to erythrocytes [8], hepatocytes [9], fibroblasts 
[10], salivary gland cells [11] and macrophages [12- 
15]. The precise mechanisms of the alloxan cytotoxi- 
city are still not known in detail, although reactive 
oxygen species have been suggested to be important 
mediators during the cytotoxic process [3, 4, 7, 10, 
12-20]. The proposed cellular targets of alloxan cyto- 
toxicity include plasma membranes [2, 8], mitochon- 
dria [5], DNA [7] and lysosomes [12-15]. Alloxan is 
easily reduced by a variety of reductants to dialuric 
acid, which is oxidized back to alloxan in the pres- 
ence of oxygen with the formation of alloxan radicals 
and superoxide anion radicals (O2-). The latter are 
eventually dismutated to hydrogen peroxide (H202) 
[16-19], which is potentially harmful because of its 
capacity to react with catalytically active ferrous iron 
to form hydroxyl radicals (HO') [3, 4, 21-23]. 
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We have previously  shown, using a mode l  system 
of cul tured J-774 cells [12-15], tha t  al loxan is readi ly  
r educed  by cysteine,  ascorbic acid or  r educed  gluta- 
th ione  (GSH) ,  with the fo rmat ion  of  H 2 0  2. More -  
over,  the cytotoxic  effect  of al loxan was found  to de- 
pend  on the extracel lular  p roduc t ion  of  H202, which 
diffuses th rough  the plasma and lysosomal  mem-  
branes  and initiates in t ra lysosomal  i ron-cata lysed re- 
actions that  destabil ize the lysosomal  m e m b r a n e s  
with ensuing cell degenera t ion .  The  al loxan/reducing 
agent  cytotoxici ty  was eff icient ly abol ished by pre-  
incuba t ion  of  cells with des fe r r ioxamine  (Des) ,  
which is endocy tosed  [24] and accumula ted  intra- 
lysosomally, thus proving the impor t ance  of  intra- 
lysosomat  i ron-cata lysed oxidat ive react ions  [22]. 
The  cytotoxici ty  of  al loxan in combina t ion  with a re- 
ducing agent  is also abol ished by the addi t ion of  cata- 
lase, demons t ra t ing  the impor t ance  of  extracel lular ly  
f o rme d  H 2 0  2 in al loxan cytotoxici ty  [12, 13, 15]. 

The  g lu ta th ione  r edox  cycle, catalysed by gluta- 
th ione  peroxidase  ( G S H P x )  [25] and g lu ta th ione  re- 
ductase  ( G S H R e d )  activity, is cons idered  to be  a key  
step in cellular H 2 0  2 b reakdown.  There fo re ,  we spec- 
u la ted that  the sensitivity of cells to a l loxan- induced 
oxidat ive stress might  depend  on  (i) the ba lance  be- 
tween  the extracel lular  p roduc t ion  of  H 2 0  2 and the 
capaci ty of intracel lular  ant ioxidat ive  de fence  sys- 
tems to p reven t  the influx of  H 2 0  2 into lysosomes 
and (ii) the lysosomal  con ten t  of catalytically active 
iron. 

In the present  s tudy the eva lua t ion  of  the cytotoxic  
effect  of a l loxan- induced oxidat ive stress was extend-  
ed to cu l tured  insul inoma cells and the findings com- 
pa red  to those of our  previous  J-774 cell mode l  sys- 
t em in o rde r  to find out  whe the r  the above  suggested 
mechanisms also ope ra te  in cell types of more  direct  
re levance  to the unders tand ing  of a l loxan- induced 
pancrea t ic  islet beta-cel l  damage.  

Materials and methods 

Chemicals and culture media. RPMI 1640 culture medium 
(RPMI), Ham's F-10 culture medium F-10), fetal calf serum 
(FCS), L-glutamine (200 retool/l), penicillin-G (5000 IU/ml) 
and streptomycin (5000 9g/ml) were from GIBCO BRL 
(Paisley, Scotland, UK). Alloxan was from Biochemical BDH 
Ltd. (Poole, Dorset, UK) and H202 from Aldrich-Chemie 
(Steinheim, Germany). L-cysteine and acridine orange (AO) 
were obtained from Sigma (St Louis, Mo., USA) and Des was 
from Ciba-Geigy AG (Basel, Switzerland). Catalase, GSH, 
GSHRed and NADPH were from Boehringer (Mannheim, 
Germany). All other chemicals were of analytical grade and 
obtained from standard sources. 

Cells and culture conditions. HIT-T15 (passage numbers 90- 
120) [26] and RINm5F (passage numbers 30-75) [27] insulin- 
oma cells were maintained in 75-cm 2 plastic cell culture flasks 
(Costar, Cambridge, Mass., USA) with 15 ml RPMI contain- 
ing 10 % FCS, 2 mmol/1 L-glutamine, 100 IU penicillin-G and 
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100 ~g/ml streptomycin. J-774 cells were cultured in F-10 sup- 
plemented with 10 % FCS, 2 mmol/1 L-glutamine, 100 IU peni- 
cillin-G and 100 ~t/ml streptomycin. All three cell types were 
grown at 37 ~ in humidified 95 % air with 5 % CO2 and sub- 
cultivated weekly, HIT and RIN cells by the EGTA-trypsin 
technique and J-774 cells by scraping with a rubber police- 
man. Throughout the cell growth period the culture media 
were replaced every 48 h. 

Experimental conditions. All experiments were performed on 
cultured HIT, RIN and J-774 cells in 35 mm Petri dishes 
(2 x 105 cells/dish _+ 22 mm round glass coverslip) and 12-well 
multiplates (105 cells/well). Cells were subcultivated under or- 
dinary culture conditions for 24 h before the initiation of ex- 
periments. To avoid interference from reductive or oxidative 
substances in culture medium [14] experiments were carried 
out in Dulbeeco's phosphate-buffered saline, pH 7.4 without 
Ca 2+ and Mg 2+ (PBS) at 37 ~ The concentrations of alloxan, 
cysteine, and H202 were  decided according to principles de- 
scribed previously [12-15]. Stock solutions of 100 mmol/1 Des 
in distilled water were stored at 4~ for not more than 
2 weeks before use. Hydrogen peroxide (100 retool/l) stock so- 
lution was prepared daily in distilled water and further diluted 
in PBS to final concentrations. Alloxan, cysteine and catalase 
were dissolved in PBS immediately before each experiment in 
concentrations stated in the figure legends. Cells were ex- 
posed to (i) alloxan; (ii) alloxan and cysteine; or (iii) H202. 
Some cultures were preincubated with 1 mmol/1 Des under or- 
dinary culture conditions for 60 min and others were pretreat- 
ed with 50 ~g/ml catalase in PBS at 37 ~ for 20 min. In the lat- 
ter experiments 50 mg/ml catalase was also present during the 
exposure to alloxan and cysteine. Des (100 ~tmol/1) was always 
present [12, 15] when cells were exposed to alloxan and cys- 
teine or H20 z to block the possible extracellular formation of 
HO" owing to contaminating iron. 

Estimation of cell viability. Viability was estimated by a modi- 
fied (postponed) version of the trypan blue dye exclusion test 
[28]. After experimental treatment cells were, therefore, incu- 
bated for another 5 h under ordinary culture conditions and 
then stained with 0.05 % trypan blue in PBS at 22~ for 
5 rain. Stained and unstained cells were counted using an in- 
verted Nikon microscope (at x 250) in 10 randomly selected 
areas. Cell viability was expressed as percentage of unstained 
(surviving) cells. 

Evaluation of lysosomal membrane stability. Cells grown on 
coverslips were incubated in complete medium with 5 ~tg/ml 
AO under ordinary culture conditions for 15 rain, followed by 
a quick rinse in PBS at 37 ~ The AO-loaded cells were then 
exposed to alloxan and cysteine or H2O 2 for the indicated peri- 
ods of time. Coverslips were inverted onto two-well micro cul- 
ture slides, filled with PBS at 22~ Lysosomal membrane sta- 
bility was evaluated by simultaneously measuring both red 
and green fluorescence intensities from 100 randomly chosen 
cells using a Leitz MPV III photometer microscope with a BG 
12 activating filter, a 630-nm barrier filter and a 572-nm inter- 
ference filter as described previously [29, 30]. 

Degradation of hydrogen peroxide. Cells (2 x 105) grown in 35- 
mm Petri dishes were exposed to 50 ~mol/1 HzO 2 in PBS (2 ml/ 
dish) at 37 ~ HzOz-degradation by HIT, RIN and J-774 cells 
was assayed by measuring the fluorescence produced by 
pHPA through H2Oz-dependent oxidation of pHPA to its 
fluorescent dimer [31]. The degradation of H~O 2 was followed 
for up to 60rain. Fluorescence intensity was read at 
;~ox315nm and ~em410nm with a RF-540 spectrofluo- 
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photometer (Shimadzu, Japan) connected to a DR-3 Data re- 
corder. 

Determination of intracellular GSH. Cells (106 cells/dish) sub- 
cultivated in 35-ram Petri dishes for 24 h were used for mea- 
surement of intracellular GSH by HPLC [32]. In brief, culture 
medium was withdrawn and dishes were placed at - 18 ~ for 
5 rain. A solution (300 91) of 0.5 tool/1 perchloric acid supple- 
mented with i retool/1 EDTA was added to each dish and the 
samples were then collected in test tubes on ice with a plastic 
cell scraper and centrifuged at 2000 rev/min for 10 rain. The su- 
pernatant was withdrawn for GSH analysis and the pellet was 
dissolved in 300 91 1 tool/1 NaOH for protein assay with the 
method described by Lowry et al. [33]. GSH was analysed on a 
Kromasil 100-5C18 (Hichrom, Reading, UK) reverse phase 
column (250 • 4.6 mm) with a mobile phase consisting of 
0.1 tool/1 NaHzPO4, 0.1 retool/1 EDTA, 0.02 mmol/l n-octyl so- 
dium sulphate and 5 % methanol and detected using an LC-4B 
Amperiometric detector (BAS, Inc., West Lafayette, Ind., 
USA) equipped with a gold electrode at + 0.5 V potential. The 
mobile phase was supplied by a ConstaMetric III pump at 
0.5 ml/min flow rate. The retention time for GSH was 11 min. 
The concentration of intracellular GSH was calculated from a 
standard curve and represented as nmol per mg protein. 

Measurement of glutathione peroxidase, glutathione reductase 
and catalase activities. HIT and RIN cells (106/dish • 5) were 
detached with 0.25 % trypsin for 3 rain, whereas J-774 cells 
were obtained by scraping with a plastic scraper. The cells 
were washed twice in ice cold PBS and then treated by three 
cycles of freezing and thawing to rupture the plasma mem- 
branes. Glutathione peroxidase [34] and glutathione reduc- 
tase [35] activities were analysed spectrophotometrically us- 
ing a Varian DMS-100 spectrophotometer (Varian AB, Solna, 
Sweden) at 340 nm (37 ~ and expressed as ~tmol/l N A D P H  
oxidized/min and mg protein. Both selenium-dependent and 
selenium-independent GSHPx activity were determined by us- 
ing t-butyl hydroperoxide as substrate. All reagents except the 
cell material were included in blanks in order to correct for 
NADPH oxidation by the peroxide (i. e. non-enzymatic oxida- 
tion). Catalase activity [36] was measured spectrophotometri- 
cally at 240 nm (25 ~ and the activity was expressed as ~tmol 
H202 consumed/rain and mg protein. 

Statistical analysis 

Experiments were done in triplicate unless otherwise noted. 
All values are presented as mean + SEM. Student's t-test was 
utilized for evaluation of statistical significance of differences 
between experimental and control groups, p-values less than 
0.05 were considered significant. 

Results 

Cytotoxic effects of alloxan alone. HIT, RIN and J-774 
ceils were exposed to alloxan (0-20 mmol/1) for 
60 rain. As shown in Figure 1, HIT, and RIN cells 
were about 1.5 times more sensitive to alloxan than 
J-774 cells. The median lethal dose (LDs0) of alloxan 
to HIT, RIN and J-774 cells were 8, 8.5 and 14 
(mmol/1), respectively. Almost 80 % of the HIT and 
RIN cells died after exposure to 10 retool/1 alloxan 
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Fig.1. Viability (postponed trypan blue dye exclusion test) of 
HIT ( l ) ,  RIN (A)  and J-774 ( e )  cells exposed to alloxan 
alone (0-20 retool/l) in PBS at 37 ~ for 60 rain, followed by a 
rinse in PBS at 37 ~ and another 5 h under ordinary culture 
conditions. *** p < 0.001 compared to that of J-774 cells. Data 
are given as mean values + SEM (n = 3) 

for 60 min, while fewer than 10 % of the J-774 cells 
died under the same conditions. (Alloxan is not 
stable at pH 7.4 and 37 ~ for more than a few min- 
utes. The prolonged 60-min exposure before evalua- 
tion of viability was chosen in order to allow enough 
expression of cytotoxicity for the trypan blue dye ex- 
clusion test). 

Cytotoxic effects of alloxan and cysteine. HIT, RIN 
and J-774 cells were exposed to alloxan/cysteine for 
up to 60 min. As shown in Figure 2, HIT and RIN 
cells were about 10 times more sensitive than J-774 
cells. Almost all HIT and RIN cells were killed after 
exposure to 200 ~tmol/1 alloxan and 100 ~tmol/1 cys- 
teine for 60 min, whereas only 50 % of the J-774 cells 
died, although the latter were exposed to a 10 times 
higher concentration of alloxan (2 retool/t) and cy- 
steine (1 retool/l). 

The cytotoxic effects of alloxan/cysteine on all 
three cell types were completely abolished by pre- 
incubation with i retool/1 Des, or by pretreatment 
and the continuous presence of 50 ~tg/ml catalase 
(Fig. 2). The LDs0 values against HIT, RIN and J-774 
cells were 150/100, 200/100, and 2,000/900 (~tmol/1), 
respectively. 

Lysosomal membrane stability. AO-loaded HIT, RIN 
and J-774 cells grown on coverslips were exposed to 
alloxan/cysteine for up to 30 rain. The intensity of 
AO-induced red and green fluorescence was mea- 
sured. In HIT cells the red AO fluorescence, repre- 
senting AO within the acidic lysosomal vacuome, de- 
clined and the green fluorescence, representing cyto- 
solic AO, increased, which indicates a loss of the pro- 
ton gradient across the lysosomal membranes (Fig. 3). 
The results with AO-loaded RIN cells were the same 
as those with HIT cells (data not shown). J-774 cells, 
however, required 10 times higher concentration of 
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Fig.2. (A, B) Viability (test as described in Fig. 1) after the ex- 
posure of HIT ( � 9  and RIN (A) ceils to 200 ~tmol/1 alloxan 
and 100~xmot/1 cysteine (A); and of J-774 (O) cells to 
10 times higher concentrations (2 mmol/1 alloxan and 1 mmol/ 
1 cysteine) (B) in PBS at 37 ~ for up to 60 min. Open symbols 
indicate that the cells (Q, HIT/RIN; �9 J-774) were initially 
preincubated with 1 mmol/1 Des for 60 rain. Inserts show the 
protective effects on alloxan/cysteine cytotoxicity by the addi- 
tion of 50 ~tg/ml catalase during the exposure. *p <0.05; 
**p < 0.01; ***p < 0.001 compared to the cells preincubated 
with Des and then exposed to alloxan/cysteine. The latter cells 
show no deviation from controls exposed to PBS only (not 
shown). Data are given as mean values _+ SEM (n = 3) 

alloxan/cysteine to show a similar shift of A O  fluores- 
cence. Preincubation with Des completely prevented 
A O  relocalization in all cell types. 

Cytotoxic and lysosomal effects of hydrogen peroxide. 
As shown in Figure 4, almost all the HIT  and RIN 
cells died after exposure to 50 btmol/l H202 for 
60 rain but only about  40 % of the J-774 cells died 
when they were exposed to 500 btmol/1 H202. The kill- 
ing was prevented for all three cell types by pre- 
incubation with Des before exposure to H 2 0  2. LDs0 
of H2O 2 to HIT  and RIN cells was 45 btmol/1 and 
30 btmol/1, respectively, while it was 550 ~tmol/1 for J- 
774 cells after 60-min exposure. 

When AO-loaded  HIT  (Fig. 5) and RIN (data not 
shown) cells were exposed to 50 ~mol/1 H2Oe for up 
to 60 rain, the red fluorescence declined, whereas 
the green fluorescence markedly increased. The AO 
relocalization was prevented by preincubation in 
1 retool/1 Des under ordinary culture conditions for 
60 min before the exposure. 

Degradation of hydrogen peroxide. Degradation of 
H202 (50 lxmol/1) in PBS by HIT, RIN and J-774 cells 
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Fig.3. (A-D) Shift of AO-induced red (A and C) and green (B 
and D) fluorescence after the exposure of AO-loaded HIT and 
J-774 cells to aUoxan/cysteine. HIT cells ( � 9  (A and B) were 
exposed to 200 vmol/1 alloxan and 100 ~mol/1 cysteine; and J- 
774 cells ( � 9  (C and D) to 10 times higher concentrations 
(2 mmol/1 alloxan and 1 mmol/l cysteine) in PBS at 37~ for 
up to 30 �9 Open symbols indicate that cells ( n HIT; �9 J- 
774) were initially preincubated with 1 retool/1 Des for 60 min 
at ordinary culture conditions. *p < 0.05; **p < 0.01 com- 
pared to the cells preincubated with Des and then exposed to 
alloxan/cysteine. The latter cells show no deviation from con- 
trois exposed to PBS only (not shown). Data are given as 
mean values + SEM (n = 3) 

was determined at 37 ~ for up to 60 min. As shown 
in Figure 6, a rapid degradation of H 2 0  2 was record- 
ed during the first 5 min for all three cell types. The 
degradation rates then leveled off, especially with 
the HIT  and RIN cells. 

Intracellular concentration of GSH. Intracellular 
GSH concentration was analysed by H P L C  on cells 
grown under ordinary culture conditions for 24 h 
after subcultivation. The mean values were 
22.4 + 2.4, 10.6 + 2.5 and 27.1 + 2.5 nmol/mg protein 
for HIT, RIN and J-774 cells, respectively (n = 3). 
The level of GSH in RIN cells was significantly low- 
er than that of HIT  (p < 0.01) or J-774 (p < 0.001) 
cells. 

Enzyme activities. The activities of the enzymes 
(GSHPx, G S H R e d  and catalase) were analysed in 
the three cell lines. As shown in Table 1, the GSHPx 
was significantly lower in HIT  (p < 0.001) and RIN 
(p < 0.001) cells as compared to J-774 cells. The activ- 
ity of the other H 2 0  z consuming enzyme, catalase, 
was lower in HIT  (p < 0.05) cells than in 3-774 cells al- 
though there was no significant difference between 
RIN and J-774 cells. Glutathione reductase showed 
lower activity in HIT  cells (p < 0.001) but higher ac- 
tivity in RIN cells (p < 0.01) as compared to 3- 
774 cells. 
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Fig. 4. (A, B) Viability (test as described in Fig. 1) of HIT ( � 9  
and RIN (A) cells after exposure to 50 ~tmol/1 H20 2 (A); and 
of J-774 ( � 9  cells exposed to 10 times higher concentration 
(500 ~mol/1 H202) (B) in PBS at 37 ~ for up to 60 rain. Open 
symbols indicate that cells (~, HIT/RIN; �9 J-774) were ini- 
tially preincuhated in 1 mmol/1 Des for 60 min at ordinary cul- 
ture conditions. * p < 0.05; ** p < 0.01; *** p < 0.001 compared 
to the cells preincubated with Des and then exposed to H202. 
The latter cells show no deviation from controls exposed to 
PBS only (not shown). Data are given as mean values + SEM 
(n : 3) 

Discussion 

As a quinonoid compound alloxan is readily reduced 
and autooxidized with the formation of alloxan radi- 
cals, superoxide anion radicals and hydrogen perox- 
ide [16-19]. We have previously shown in a model sys- 
tem of cultured J-774 cells that the extracellular for- 
mation of hydrogen peroxide, rather than the uptake 
of alloxan itself, mediates the cytotoxic effects of al- 
loxan [12-15]. Moreover, the cytotoxicity was found 
to be related to an initial alteration of lysosomal 
membrane stability induced by iron-catalysed intra- 
lysosomal reactions. This suggests that the cellular de- 
generation that results from the exposure either to al- 
loxan in combination with a reducing agent or to hy- 
drogen peroxide might be due to the release of lysoso- 
mal contents, such as hydrolytic enzymes [13-15, 22]. 

In the present study, comparing two established 
lines of insulinoma cells (HIT and RIN) with J-774 
cells we found the similar basic mechanisms to be op- 
erating for all three cell types, although the insulin- 
oma cells were much more vulnerable both to allox- 
an/reducing agent and to hydrogen peroxide. There- 
fore, it is again shown that alloxan by itself seems to 
be non-toxic and requires high concentrations in or- 
der to have lethal effects. Under these conditions al- 
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Fig.5. (A, B) Shift of AO-induced red (A) and green (B) 
fluorescence of HIT cells ( � 9  after exposure to 50 ~tmol/1 
H202 in PBS at 37 ~ for up to 60 rain. Open symbols ( [] ) indi- 
cate that cells were preincubated in 1 mmol/1 Des for 60 min 
under ordinary culture conditions before exposure to hydro- 
gen peroxide. Control cells (~) were exposed to PBS only at 
37~ **p < 0.01; ***p < 0.001 compared to the controls. 
Data are given as mean values _+ SEM (n = 3) 

504 

~ 40-  " 

"~ 30-  

L, 
r 

20- 

r i 0 -  

0 , 
10 20 30 40 50 60 

Exposure time (rain) 

Fig.6. Degradation of hydrogen peroxide measured with the 
pHPA/HRP fluorescence technique during the exposure of 
HIT ( �9  RIN (A) and J-774 (e )  cells (2 x 105 cells/dish) to 
50 9tool/1 H202 in PBS (2 ml/dish) at 37 ~ for up to 60 rain. 
* p < 0.05; ** p < 0.01; *** p < 0.001 compared to that of J-774 
cells. Data are given as mean values _+ SEM (n = 3) 

loxan may be taken up by the cells through fluid phase 
endocytosis or by a receptor-mediated process, and in- 
duce the intracellular formation of hydrogen peroxide 
in toxic amounts owing to the presence of a variety of 
intracellular reducing substances. The higher endocy- 
totic activity of the macrophage-like J-774 cells com- 
pared to the insulinoma cells may explain the small dif- 
ference in the cytotoxicity of alloxan alone compared 
to alloxan/reducing agent or hydrogen peroxide. 
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Fig. 7. Tentative explanation for the different 
sensitivity between insulinoma and J-774 
cells against cytotoxic effects induced by al- 
loxan/cysteine. Alloxan (A) is reduced by the 
reductant cysteine (CYS) to dialuric acid 
(AHj with the formation of alloxan radicals 
(AH.), superoxide anion radicals (O~-) and 
hydrogen peroxide (H202). The latter is non- 
polar and easily diffuses through plasma and 
lysosomal membranes. If the cells are ex- 
posed to hydrogen peroxide in concentra- 
tions large enough to break through the anti- 
oxidative defence system (mainly GSHPx, 
catalase and GSH), iron-catalysed intra- 
lysosomal reactions will follow and result in 
the release of lysosomal contents, e.g. en- 
zymes (LE) into the cytosol with ensuing cel- 
lular degeneration and death 

Table 1. Activities of enzymes (GSHPx, GSHRed and cata- 
lase) 

Cell line GSHPx a GSHRed" Catalase b 

HIT 2.3 + 0.03 e 4.3 + 0.19 e 0.5 + 0.03 c 
RIN 1.3 -+ 0.18 e 35.4 + 2.87 ~ 1.7 + 0.05 
J-774 18.8 + 1.08 21.7 + 1.17 2.3 + 0.63 

Enzyme activities were measured as described in the Materials 
and methods section, a vmol NADPH/min and mg protein; 
b~tmo1 H202/min and mg protein. Cp<0.05; d p < 0 . 0 1 ;  
e p < 0.001 compared to J-774 cells. Data are given as mean 
values + SEM (n = 3) 

The presence of catalase during the exposure to al- 
loxan/reducing agent completely abolished the toxic 
effects for all three cell types, proving that hydrogen 
peroxide was the toxic agent rather than alloxan, per 
se. Moreover,  we obtained the same results with hy- 
drogen peroxide as with alloxan/reducing agent in 
concentrations that give rise to equimolar concentra- 
tions of hydrogen peroxide [12]. 

Not only J-774 cells but also the insulinoma cells 
showed pronounced lysosomal destabilization after 
exposure to alloxan/reducing agent or to hydrogen 
peroxide in concentrations equal to those needed to 
induce ceil death. If the cells were allowed to endo- 
cytose the iron chelator desferrioxamine before ex- 
posure to alloxan/reducing agent or to hydrogen per- 
oxide all the cells survived otherwise lethal concen- 
trations and showed stable lysosomes with the AO re- 
localization technique. We thus conclude that sec- 
ondary lysosomes in all three cell types contain 
catalytically active iron. This is by no means surpris- 
ing since autophagocytotic degradation of a variety 
of metallo-proteins is a normal, continuous phenom- 
enon in all cells. It thus seems reasonable to assume 
that (i) the cellular capacity to degrade hydrogen per- 

oxide as well as (ii) the amount of intralysosomal iron 
in reactive form would be important factors in deter- 
mining the sensitivity of cells to alloxan/reducing 
agents or to hydrogen peroxide. 

We found that the insulinoma cells degraded hy- 
drogen peroxide less efficiently than J-774 cells. This 
might be explained by their different activities of hy- 
drogen peroxide-degrading enzymes and different 
capacity to reduce GSSG back to GSH. HIT cells 
showed the slowest degradation rate although the 
level of intracellular GSH was comparable to that of 
J-774 cells. On the other hand, both hydrogen per- 
oxide consuming enzymes, GSHPx and catalase, 
showed low activities and the reduction of GSSG by 
GSHRed was the slowest among the three cell lines. 
RIN cells showed the lowest activity of GSHPx and 
the lowest level of intracellular GSH. This cell was, 
however, more efficient than HIT ceils in degrading 
hydrogen peroxide, but far behind J-774 cells. This 
might be explained by a more efficient utilization of 
GSH by RIN cells as compared to HIT cells since 
GSHRed showed the highest activity of the studied 
cell lines. RIN cells also had three-fold higher activ- 
ity of catalase as compared to the HIT cells. 

In summary, insulinoma (HIT and RIN) cells and 
J-774 cells share a common mechanism for alloxan- 
dependent  cytotoxicity involving extracellular reduc- 
tion- and autoxidation of alloxan with the formation 
of hydrogen peroxide, which, in turn, initiates intra- 
lysosomal, iron-catalysed reactions that result in lyso- 
somal destabilization and leakage of damaging lyso- 
somal contents (see schematic Figure 7). The large 
differences between insulinoma and J-774 cells with 
respect to their sensitivity to either alloxan/cysteine 
or hydrogen peroxide may be at least partly ex- 
plained by their different capacities to degrade hy- 
drogen peroxide due to differences in the activity of 
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g lu ta th ione  perox idase .  I t  c anno t  be  excluded,  how-  
ever,  tha t  d i f ferences  in the  a m o u n t s  of  lysosomal  re- 
act ive i ron  a m o n g  the  cell types  a re  also of  impor-  
tance.  
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