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Fig 1. Sedimentation profile in an alkaline sucrose density gradient of DNA of islets from

alloxan - or streptozotocin - treated rats.

Each point represents the percentage of total
DNA recovered ; recovery was between 85% and 1009%. @ ; DNA of islets from pancreas
of untreated rats (a and e). 0 ; DNA of islets from pancreas removed at 5 min (b), 10 min (c)
or 20 min (d) after intravenous administration of 40mg/kg alloxan. & ; DNA of islets from
‘pancreas removed at 5 min (f), 10 min (g) or 20 min (h) after intravenous administration of
50mg/kg streptozotocin. Sedimentation was from left to right. Arrow indicates the position
of a bacteriophage A DNA (3.2x 107 daitons, New England BioLabs).
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Fig 2. Sedimentation profile in an alkaline

sucrose gradient of DNA of rat tissues after
alloxan - or streptozotocin - treatment.  Each
point represents the percentage of total DNA
recovered. a and b ; islet DNA. c and d; DNA of
pancreatic exocrine cells. e and f; hepatocyte
DNA. @ ® ; untreated rats, O—O ; rats
treated with alloxan (40mg/kg). A—-A; rats
treated with streptozotocin (50 mg/kg). Sedimen-
tation was from left to right. Arrow indicates the
position of a bacteriophage A DNA.
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poly(ADP - ribose) synthetase activity in islets
incubated with 2 mM streptozotocin (&). For
determination of islet NAD content, batches of

Fig 3. Effect of alloxan or streptozotocin on poly
(ADP - ribose) synthetase activity and NAD
content in pancreatic islets'”. Batches of 300

islets were incubeted for 0 - 60 min at 37°C in the
presence of alloxan or streptozotocin. After
incubation, nuclear fractions were prepared from
islets and assayed for poly (ADP - ribose) synthe-
tase activity. The DNA content of each islet
nuclear fraction was determined by a fluoro-
metric method® and used to estimate accurately
the enzyme activity. All activities were related
to activity at 0 min (10.9 pmoles poly(ADP -
ribose) synthesized per 10 min per ug islet nuclear
DNA). a Poly(ADP -ribose) synthetase activity
in islets incubated with 1 mM alloxan (O); b,

100 islets were incubated for 0 - 60 min after
which they were disrupted by sonication in 1 ml
of cold 0.5 N perchloric acid. The acid - soluble
extract of islets was brought to pH 5.0 with KOH,
and NAD content in the extract was determined.
The values were corrected for overall recovery
by the addition of #C - NAD, and related to NAD
content at 0 min (2.62 pmoles NAD per islet). ¢,
NAD content in islets incubated with 1 mM
alloxan (@) d, NAD content in islets incubated
with 2 mM streptozotocin (&).
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Table 1. Effect of alloxan- or streptozotocin-administration on islet or liver NAD
content

Tissue Administration NAD Content
pmole/.g DNA
None (Control) 50.0 (100)
Islet 40 mg/kg Alloxan 5.9 (12)
50mg/kg Streptozotocin 4.8 (10)
~ None (Control) 110.9 (100)
Liver 40mg/kg Alloxan 113.6 (102)
50mg/kg Streptozotocin 82.1 ( 74)

After administration of alloxan or streptozotocin, pancreatic islets and liver were simul-
taneously removed from each rat, and NAD content of the tissues was determined. *C-
NAD was added to each sample hefore the extraction in perchloric acid, and the recovery
of "C-radioactivity in the final preparation was referred to for correction of the NAD
value for overall recovery. Recovery was between 859 and 1009%. The numbers in par-
entheses give the percentage of the control.
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Fig 4. Effect of radical scavengers on alloxan - or
streptozotocin - induced islet DNA strand
breaks. DNA of islets incubated with the
chemicals was analyzed by velocity sedimenta-
tion in an alkaline sucrose density gradient. Each
point represents the percentage of total DNA
recovered. @, DNA of islets incubated without
any addition (O), with 1 mM alloxan (®); b,with
1 mM alloxan and 2x10° U/ml superoxide
dismutase (®), with 1 mM alloxan and 100 U/ml
catalase(X), with 1 mM alloxan, 2x10° U/ml
superoxide dismutase and 100 U/ml catalase (O) ;
¢, without any addition (O), with 3 mM strepto-
zotocin (A); d, with 3 mM streptozotocin and
2x10° U/ml superoxide dismutase (A). Sedi-
mentation was from left to right. Arrow indi-
cates the position of a bacteriophage A DNA.
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Fig 5. Effect of superoxide dismutase and cata-
lase on alloxan - induced inhibition of proinsulin
synthesis. Each point indicates the percentage of
the control without alloxan (2985 cpm °H-
proinsulin synthesized per 60 min per islet). ® ; 1
mM alloxan. B ; 1 mM alloxan and 100 U/ml
catalase.  The concentration of superoxide
dismutase added is shown on abscissa.
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Fig 6. Inhibition of islet nuclear poly(ADP - ri-
bose) synthetase. All activities were related to
that of an equivalent quantity of islet nuclear
fraction without inhibitor (57.3 pmoles poly(ADP
- ribose) synthesized per 10 min per ug islet
nuclear DNA ; this value was approximately
fivefold higher than those assayed without the
addition of histone H1'***V), Benzamide (@), 3-
aminobenzamide (A), 3 - nitrobenzamide (H), 3 -
methoxybenzamide(%), theophylline (0), 3 - iso-
butyl - 1 - methylxanthine (A), picolinamide (C1)
and nicotinamide ().
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Fig 7. Effect of poly(ADP - ribose) synthetase
inhibitors on alloxan - or streptozotocin - induc-
ed inhibition of proinsulin synthesis. Islets were
incubated in the presence of 0.75 mM alloxan (a
-d) or 3 mM streptozotocin (e - &) after the
pretreatment with benzamide (@), 3 - amino-
benzamide (A), 3 - nitrobenzamide (H), 3-
methoxybomzamide (%), picolinamide ((J) ,
nicotinamide (¥r), theophylline (0) or 3 - isobutyl
-1~ methylxanthine (A). Each point indicates
the percentage of the control incubated without
any addition.
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Fig 8. Sedimentation profile in an alkaline sucrose gradient of DNA of islets incubated with

alloxan or streptozotocin in the presence of poly (ADP - ribose) synthetase inhibitors. Each

point represents the percentage of total DNA recovered. © ; DNA of islets incubated

without alloxan () or streptozotocin (¢). @ ; Islets incubated w1th 1 mM alloxan (4), ] mM

alloxan and 4 mM nicotinamide (¢), | mM alloxan and 1 mM 3 - aminobenzamide (d). 4 ;

. Islets incubated with 3 mM streptozotocin (f), 3 mM streptozotocin and 4 mM nicotinamide

(g), 3 mM streptozotocin and | mM 3 - aminobenzamide (). Sedimentation was from left to
right. Arrow indicates the position of a bacteriophage 1 DNA.
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Fig 9. Proposed mechanisms of action of alloxan and streptozotocin on islet B - cells. As

- indicated by the shaded lines, superoxide dismutase and catalase may protect against
alloxan - induced DNA strand breaks by preventing the formation of OH+, and poly(ADP
- ribose) synthetase inhibitors may protect against alloxan - and streptozotocin - induced
‘depression of proinsulin synthesis by inhibiting NAD degradation through poly(ADP -
ribose). RER, rough endoplasmic reticulum.
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YU, A MV MY b0 DNA YIRER I E %

BIIRE ootz LT, HIRFRT LI,
KV ADP -V R—A & BREEYWEE, RY ADP -
YiR—AAD NAD HEZBEIET 2 Z sk hFaAf
AY CEREBETEHIET2bDeEL6N3,
BRLTH, 7asrYEX M7V by O
F 7Ny R BRIBADIER & 7 OB L O##E 2 H
LR T & 7228, ZRBOFERP 5, 7uFty,
APLT IV Ry noEERER I TR,
YNy A BHIFICERMED v 4 VA% radiation 72
Liz&h, 7 vy A8 DNA »YI & R) ADP
)R- AERBENEE IR LT, A
2 ARTEERERE (1 BERR) PRETLIEVD
e E Z ol (K9).

= B

EESIE, DS VSNV RABERVI: in
vitro REIZ L Y, (URAHERTRFE Ch 2 7 a ¥ ¥~
ERMVT RV bR, IS LAY A B DNA 8%
PRI 22 Lk DEERY ADP -V R—REBEHR %
EHEL, Z0ER NAD BOBA L 7ol YR &
ROBETE2RTZE2ESHMZLT NS (Yama-
moto ef al. Nature 294, 284 ~ 286 (1981)).

SRIDAFICEVEER, IIINAIRYY v —
THBEA—N—FF Y RIRAALT—HEH T T—EH
TaFgialkdIvsFunr A8 DNAYIE 5k
Fud YA ERETEHIET 2 I L2 REL, %
72, TN ABRY ADP -V R~ A SREBERE
EYMBERTOFYUBLUA M TN MYy T o
4 YAV Y EFETERAZBIET2 2 e 2B ITL
f:. THOORRIT, TudVrnERBRROLRY
ALTI VNNV AE DNA 2Y08T5 2 L dRTE
EHIS, TuFY Uy EAML T Y P o, DNA
UMLKY ADP -V R— A S RERLEERT 2
R, SYFAMNYABTDTaA YA YEEEET
ERDIERESHTHMIERLTLS,

AR TIH, TuFyy, APV NV Y YDD
9 hAD in vivo BERX LI STHI VI NNV ABED
DNA Y & NAD @A 0d 2 52 Z L BRHEn 7,
L7288 T, S S OMEFERFIE L, in vivo TH,DNA
Yl =K ) ADP -) R~ AGHERERE({ - NAD &
=704 >2) YERET & v —ED“Bio-
chemical events”% 3 ¥ W v A BHRATO 21
T EREIVEBRFEREL I VOLE LN

AFRIZEY, 4 2R AREEERE (1 BUHER
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Abstract

A previous in vitro study with isolated rat pancreatic islets has shown that alloxan and strept-
ozotocin, typical diabetogenic agents, cause DNA strand breaks to stimulate nuclear poly (ADP-
ribose) synthetase, thereby depleting intracellular NAD level and inhibiting proinsulin synthesis.
In the present study, experiments were designed to examine whether or not the biochemical
events initiated by islet DNA breaks were induced in vivo by alloxan- or streptozotocin-admini-
stration. Diabetogenic doses of alloxan or streptozotocin were injected intravenously to Wistar
rats, and velocity sedimentation of DNA from islet or non-islet cells was carried out in an alkaline
sucrose density gradient. Islet DNA was found to actually be fragmented in vivo by alloxan or
streptozotocin treatment. However, DNA of pancreatic exocrine cells was not affected by either
alloxan- or streptozotocin-administration. Hepatocyte DNA was fragmented by streptozotocin
administration but not by alloxan. Intracéllular NAD level was decredsed in the tissues whose
DNA was fragmented. The results might raise a novel aspect concerning the organotropisms of
the diabetogenic agénts as well as concerning the mechanisms of the action of the agents. More-
évb'elf, the in vi'?fo study"v‘Vith isolatéd islets of rats revealed that superoxide dismutase and cata-
lase, scavengers of radical 6xygens, protected against islet DNA strand breaks and inhibition of
proinsulin synfhesis induced by alloxan. This indicates that alloxan broke islet DNA strands
“'AchrVough the formatioh of radical oxygens. The radical scavengers did not affect islet DNA strand
breé}cs ~or, inhibition. of proinsulin synthesis induced by streptozotocin. On the other hand,
comboﬁnds that inhibited islet nuclear poly (ADP-ribose) synthetase were found to protect
against alloxan- as well as streptozotocin-induced inhibition of proinsulin synthesis. The poly
(ADP-ribose) synthetase inhibitors were ineffective in protection against DNA strand breaks
induced by alloxan or streptozotocin. These results also support the proposal that alloxan and
streptozotocin induce diabetes through the following biochemical events; islet DNA strand
breaks = stimulation of nuclear poly (ADP-ribose) synthetase = depletion of intracellular NAD =
inhibition of proinsulin synthesis. The evidence presented here may provide clues for elucidating

the prevention of insulin-dependent diabetes as well as for understanding its etiology.




