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Stmptozotocin (N—mcthybmtrosocarbamy!-gluco-
,&mme} (1] an antitumor agent has been shown to in-
duce dlabetes in various animals by destroying the g-
cel!s ot‘ pancream: islets [2,3]. In the same animals
Sireptémtnmn lowers liver nicotinamide-adenine-di-
‘nucleotide (NAD) content [4]. i >th the diabetogenic
effect and the* depression of liver NAD content can be
abéhshed by #icotiriamide {5] which is known to be

‘a prec:;rsor i -for NAD biosynthesis [6]. It has been sug- * -

gested that Streptozotocin might also interfere with
‘the NAD metabolism of the §-cell, and that its diabet-

ogenic effect may be related to an inlubmon of NAD

hmsynthesis in these celis [7].

. In the present study it is demonstrated that’
Stregtuzotocin induces NAD degradation in mouse
‘pancreatic islets, and that the depression of islet NAD
cmtent can be prevented by substances which inhibit

' NAD degradxtmn by inhibition of NADg!yoohydml-
ase (EC 3.3.3.5) '
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' 2. Material and methods

2.1. Animals and incubation of is'ets

Istets were isolated by collagenase digestion [8]
from the pancreata of 3—4 weeks vld male Swiss albi-
no mice which were fed ad libitum. Batches of 100
islets were incubated in 1 m\ of a medium containing

_Krebs—Ringer-bicarbonate buffer, pH 7.4, and inacti-

vated mouse serum (4:1, v/v) in an atmosphere of
95% 0,:5% CO, with 250 umole L-glutamine and 2
mg/mi D-glucose. When incorporation of labelled
nicotinic acid into NAD was studied to each incuba-
tion tube 10 xCi [7-19C] nicotinic acid (59 uCifmmole,
The Radiochemical Centre Amersham, England) were
added. The details of the experiments are given in the

- legends to the figure and the tables. At the end of the

incubation period the islets were washed twice in
Krebs—Ringer buffer and after addition of I ml 0.5 N
cold perchloric acid disrupted by sonification, The ex-
tract was centrifuged, 10 min X 10 000 g, and the
supematant used for NAD determinations.

2.2. Determination of nicotinamide-adenine-dinucleo-
Hde

For determination of islet NAD content a colori-
metric method was used [9]. NADH produced by en-
zymic cycling with alcohol dehydrogenase reduces
thiazotyl blue through the intermediation of phena-~
zine methosulfate to the corresponding purple-col-
ored tormazan. The rate of reduction of thiazolyl
blue is proportional to the concentration of
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uoenzyme '{he perchionc aud extract of the 1slets

wére brought to a pH of 5.0 with 3.0 N KOH and the -
KC!04 forrred separated by c:entnfugatlon The reac- -

tion mixture’ contamcd 0.05 ml of a solution of 5 mg
MTT/ml (thiazolyl blue, Serva; Heidelberg), 0.8 mi of

a solution of I mg PMS/mi {(phenazine methosulfate,
Serva, Hexdeiberg} 0.1 ml of asolution of L mg ~ _
ADH/mi (alcohoi éehyd:ogenase from yeast, EC

| 350 18 S DR speczﬁc activity 200 U/mg, Boehringer, :
anhenm) and 1.95 ml of glycyl—glycine buffer, pH
7.4, that contained 0.1 M nicotinamide and 0.5 M -

ethanol. The mixture was warmed to 37° for 10 min

and the reaction started by addition qf 0.1 mlof the -

samgple. The rate of increase in the abserbaﬁée was
read after 30 and 60 min incubation at 37° against a
blank at 560 nm in a Zeiss spectrophotometer PM Q

{1. The change in the absorbance was proportional to .

the coenzyme concentration in the samples which was
read from a standard curve obtained with pure NAD
(B-NAD, grade {, ‘Boehringer, Mannhelm) under the -
same conditions:
Streptozotocin (Lot Nr. 9! 64-UDV—136 U- 9889)
was a kind gift by the Upjohn. Co., Heppenhclm
Germany, 5-methylnicotinamide was kmdly suppl;ed
by the EE: Lii by Ce-, In ‘*t‘.’l{i?()hs USA-

2.3, Determmat.'on of f 71 4C] nicotinic aad nc Orpo-
ration in the NAD-molecule
The NAD was precipitated from the HCIO, extract of
the islets after addition of )OG pg NAD (Boehringer;
Mannheim) to each sample as carrier with a 7-fold vol-
ume of —18° acetone. For quantitative precipitation
of NAD, and other dinucleotides, the samples were al-

towed to stand at —18° for 12 hr. After 20 min centri-

fugaticn at 40 000 g in a refrigerated centnfuge the
sediment was washed twice with acetone and ether, .
respectively, and finaliy dissolved in 0.1 ml H,O. Ali-
quots of the samples were then spotted on 20 X 20 cm
thin-layer p!_;;tes coated with a 0.5 mm layer of celiu-

lose {AB, Merck, Darmstadt, Germany ). Separation of -
aicotinic acid (NaAD}-and nicotinamide (NAD)-dinu-

cleotides was done by electrophoresis in 0.1 M phos-

phate buffer, pH 6.5, with 10060 V, at + 0% After 2hr

a good separation of the dinucleotides had occurred
" which was controiled by a simultaneous run of '
{7-13Clnicotinic labelled NaAD and NAD (own prep-
aration). The NAD-spots were then visualiced under
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' Fig. 1. Timz-course of NAD-degradation in mouse islets incu-

bated with Streptozote=in (200 pugfml) o—o—o and with
Streptozotocin and 5-md thyl-nicotinamide (500 ng/ml)
e—e—e._Each point represents the mean value of two dif-

ferent experiments. in cach experiment, both the control ’

(50} and the treated islets (50) were obtamed from the same

' cullaaenase-dsgested pancreases. For det.s;!s see ‘%{eihods__

an UV-lamp and the 5pots scraped off into countmu
vials: The radxoactmty was measured in 8 ml of tolu-
ene scmnllatxon fluidin a Packard Model 3320 liquid |
scintillation spectrometer. The recovery of labelled -~
NAD in model experiments was more than 86%. For
determination of the specific activity of NAD the
NAD cnr:te:nt’df an aliquot was related to the counts
per min found in an equal volume of thc HC104 ex-

‘ tract of the 1siets,

- Resu!ts

Thc assay employed for the measurement of islet

NAD content is sensitive for NAD concen{rauons as
low as 10712 M. Mouse isolated islets were found to
havea N AD content of 86 * 34 pmole per 100 islets.

In a few experiments the wet weight of 100 islets as -
used in our experiments was 109 £ 21 ug. From this
it is concluded that the NAD content of mouse islets
is about 800 nmote/g wet weight. Control experi-

“ments showed that the NAD concentration of isolated

islets were constant and lincarly related to the num-

_ ber of nslets for at least 2 hr under the condltlons :
- used. :

Incubatxons of 1slets wnth St reptozotocin resulted .

i a strong decrease of their NAD u.mtent ameummﬂ,



Table 1

\'AB-s,ontem of mouse 1s!e:'; incubated. far 2 hr w;t‘x Stxepto— .

zotocin (Strepto.) and the preventing effect of S-mn,thyl-mcn-
zmam;de (5:Me-NAm) :md mcotmamxde (NAm)_

NAD ”'-—'%of

Test 7 (pmole/100islets) . controi
Control - ‘86 + 34

+ Strepto. : o : .
{200 pgfml) 0 12+ 5 e
¥ Strepio. : S T
+ 5-Me-NAm ’ o : :
(500 pg/mi) 7019 . .82
+ 5-Me-NAm - 96 = 31 : 13
* Stre;ito_.

+NAm ) .

(500 ug/mly 80 + 27 - ' 91
{rNAm} 94 41 . i09

Each vaiue tepresents ihe average +t SEMof 6 dlift.tﬁnt e\pui—
ments. For details seé tcxt. ’

o auout 10% of the concentrations measured in the
cont. ois_ This decre'lse occurred within 15 min (fig.
“The. NAD concentration then remains nearly un-
changed up to 2 hr. Addition of nicotinamide and its
derivative, 5-methyl-nicotinamide, which is known to
inhibit the NAD-glycohydrolase (£C 3.2.2.5.) [10]
totally abollshes the Streptozotocin induced NAD de-
pression. Addition of nicotinamide or S-methyl-nico--
unamxdu alone leads only 10 a Sll,,l"t mcredse of the
‘NAD content (table 1).

To elucidate furiher the meg,hamsm of Strepto-
zotocin induced NAD-depression incorporation of

{?J“C]nuetm[c acid, the main precursor of NAD-bioc- '

synthesis [111, int¢ the NAD of isolated islets was
studied. Table 2 shows that Streptozotocin reduces
‘the. teta! amount of counts found in the NAD-mole-
cule down to 10% of the control values. However, spe-
cific actwnty of NAD in the Streptozotocm experi-
-ments was not significantly different from the control
‘ones-»_Add;tmn of nicotinamiide resuited in a slight de-
crease of the specific activity of NAD, while addition

of 5-methyl-nicotinamide showed no significant effect.

4. Discussion

lthasbeen .suggésrtevd that the 4d-.iabctogenic effect
-of Streptozotocin might be related to an effect on the
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. Table 2
Incorporation of {7—14(3 jnicotinic acid in the NAD of mouse
islets. -
! _cpm cpm
Test <100 islets ¥ 120 min pmole NAD
~Control 2952+ 412 o 34
+ Strepto. ‘ : ‘ .
{200 pg/mi) 309 53 , 26
+ Strepto. .
+5-Me-NAm
{500 ug/mb 2180 = 392 31
“+ 5-Me-NAm 3173z 456 33
+ Sirepto. o :
+ NAM ,
(500 ug/mly © 2220z 294 28

+ NAM 2310= 421 24

The effect of Streptozotocin alone and together with 5-
methyl-nicotinamide and nicotinamide orn: the specific activi-
ty of NAD. Eacli value represents the average = SEM 0: &
different expenmems. :

NAD-metabolism of the f-cells similarly as it acts on
liver NAD-metabolism [12]. The present study dem-
onstrated that Streptozotocin induces a rapid NAD
degradation in isolated mouse pancreatic islets and -
that this increasad NAD degradation results in a de-
crease of isiet NAD contznt. It seems reasonable to
assume that NAD concentration we have measured is
characteristic of S-cells, though this celi type accounts
for only 80% of mouse islet cells [13}.

That increased NAD degradation rather than inhi-
bition of NAD biosvnthesis is the mechanismi by
which Streptozotocin reduces islet NAD content was
shown by the expertments where 5-methyl-nicotin-
amide was used. This derivative of nicotinamide is
known to inhibit the NAD-glvcohydrolase preventing
in this way NAD degradation [10}. 1t does not act as
a precursor for NAD biosvnthesis like nicotinamide
which has both effects [£] and therefore does not
contribute to clear up the mechanism of ‘Stn:pto-
zotocin induced NAD degradation.

" No evidence for an inhibition of NAD biosynthe-
sis by Streptozotocin was found turther in experi-
ments in which the incorporation of {7- 14 CYnicotinic
acid into NAD was studied. Though there zre no de-

- tailed examinations for the pathway of NAD biosya--

thesis in pancreatic islets, pilot experiments show that
nicotinic acid rather than nicotinamide or chinolinic
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