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Investigation of effective uses for prevention
and treatment of life style related disease
by nicotinic acid and its related compounds
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Abstract

We have been trying investigations for effective uses of prevention and treatment of life style-related
disease by nicotinic acid and its related compounds. For the use of prevention, we studied the effect of
nicotinic acid and nicotinamide on the repair of damaged DNA in normal human lymphocytes. DNA
repair was promoted by nicotinic acid. For the use of treatment, we investigated apoptosis- and
differentiation- inducing abilities of 23 nicotinic acid-related compounds in human leukemia cell lines,
HL-60. As the result, picolinic acid, dipicolinic acid, and isonicotinamide induced apoptosis.
Differentiation to granulocyte like cells was induced by nicotinamide, nicotinamide N-oxide, and

isonicotinic acid.

Key Words: nicotinic acid, nicotinamide, life style-related disease, DNA repair, apoptosis,

differentiation

XL &I

KERESY I VBRICBT A =_aF VB, =
IF 0TI, EORZIETHERIT5DF
BRT & LTRES N, ko<, £O4AHEMRT
20T, xS SERIhTE 7, F
ICEOHRES L TIE, BRANT, —aF VR, =
aF 07 I FEFEKGE S LSRR T NAD
(nicotinamide adenine dinucleotide) W& I,

BILE TR OMBERE LT, TXIVF—HEHIC

EEAKREERT R, —BUIcLK{HASh
T3, zhoicET a2 e oEEic o
Ti3, LIz L7,

L Lo, ADP-Y RV ILbiciREEN 3
£, B&LZ 50 HFCHmER L, NAD 24
BETHBA2ORILMBRNIEENDDH B, £D
BEIG 2K 2 155 U ey 7538, N O hkEx 10 f
HEORLGIHETE L3, LROABIE Y
7 2T X B TIHW Y,

—F, —aF oEgBXUZOME\LEYIT, B

2008 4E 5 A 1 H32H
T514-8507 T EENTEHE] 1577

* For correspondence (e-mail: hiroshi@bio.mie-u.ac.jp)



86 ]

i - HHEERN - B

7

MTHULIENAD 24 LT, AWt UEkc 75
EREAT 2 2 EMfFEEIh T3, Th o
LEHIc>T, (RENZ GO EK 3 IR LT,
ZoWTHEMIIHT S aF U BOMBEIL X
Fo—)VEFEMRYE, FicamshnTtsh, —=a
F U EEF 70id E OFEER MR, FEE Rk
E, mRIMAEPBRMECEOREL EO AT,
EHELELTTTIEDNA TS, 1B, 208
EMELT, —aF VBRICBELLAYAEP, 12
TOH%FES [Flushing] 2355, Zhid, MFo
—aF UEMBMERICE TGS TuRy S5 Y
ODHEEBEREL, ThIZX-> T cyclic-AMP L
ANV ER U TIERER MR & ORMAK & % /<

2 COOH 72 CONH2
N N

—aFUR

NH:2
NH

AN 2 CONH2
P AN

7 N

ol
Rib

NAD
(Nicotinamide adenine dinucleotide)

ZaF U, —aF 0T I RBLUT
NAD O #ER

ZaFUFIHR

Rib

B1.

ADP-JRL UL

Sirtuin Y
N 7 & FLEEE . o
OBH, ESEHL LIS Lrd

& [oo |do

WEEZONTWS, £, PIIBLT, =a
Fr7IFRAMxDEAPICEETN B ERKEEY
BLLTmban, thoBEHE MEDIc>0T
bR E A RET A BN T BY, &
OIEMIE, HKICEET2Y 7o—2 ) Vg
HNKRF YT —EiEEERN S, AR AELE

LT, EHEEOIEKEL S L, WERE T AR
HORIMZPES 7 VX 7 BARRED WK & #ikk
FEROREDIDEZEZ SNTWDS, UPHFKET
bLLF (TAIFIH) Py A3 s &
ARWT, MWics 5= aF U EEELEYD
HEFEVER B & OEEFE T % NAD fREHic > T
LRGN Eh Ty, BicoaF o7 3I R
i ET 5, W OhoREELEW, L AF
OFEFE LT FR I THRERIIOWTIE, o
N o LEWIC & 2 BB FRBURI TR ~ o B 5
RBIN B,

Ubo ki, =aF B, —aF o7 1 K3,
WROEY IV ENHBRIEBREV ) PILA
AT, Me0EmBRICk ) 5 EELHERKN
TELT, 2OHREDO—HZEH-> T3 HIRE
SNAMEMENZ LR INDDOH B, Fxidzh
RTEY, ZOEY I vOEEBFIZOBRLHH
U, BICHBABERORER, 26 ICAEEEE
WO TPRREREEZAN & Lickat, 37bb, F
Mimm& LT, AADHIICE T, Z2oFaR

NAD
@ CONH 2
N +  Nicotinamide

OH OH

-
\) gt
i
0= P=OH  Nu,

D38 & g

T‘hp‘ pj[b Rlibr- PJ‘“’ Rll'br wjih = o= f’— o iN/—
n £ FEEREOVED, :
N NAD& U cyc! i cADP—r ibose % & B4 % o~cH
“:j:} BAEREEICEE
i OH OH
""" —#» » PARP

B 218 BITNADDADP- Y AR— R R &

Cyclic ADP-ribose

RYR—RKICEBT HRICEBH. DNASHE.

5. Mg Licis

K 2. NAD 2#RH &7 2k~ SALERIG
*CD 38: Cluster of differentiation 38
PARP: Poly (ADP-ribose) polymerase



vy vBLUz ol s OB 87

COOH CONH2
COCHs | NS
|\ k p @
N~ ~COOH N CONH:2
FYSy  FTEFAEYSY EausB y=aFo8 Eays PR 41_:-*u7s|~'
COOH
COOH Q- CONH:
COOH COOH |

@ cJ\ L / I\’/

7, N

N cooH HOO COOH '

CH3 CH_:»,
eI, | SEaUL R Yrasnvg SEEUD M - AF N =aFUFER
ONHNH:2
COOH CONH2 NHNH

| N I ~N N co 2 /§~
Lz LY > L

N iy N N/ N CONHNHz

0 e
_:g’-*/& T —aFB fy=aF B (=7 ]
ZaFUPER o= se (s

N-FHIF AR EFSZE EFSUF EFSUF

3. EVYUVBEEAEREL,

K & 72 216 U7z DNA 21814 2 B~ DS,
FhiE#EmE LTR, BANREDOIEEZHNE L
TTRF—=Y R 2D ET ZHMEES, FFiCHMm
WAl GO R A2 AN & U Chfasbis &
EPFRMRELTHEEL, e BEELRERLT
&, AN, ZOUIEREEHNSHTHS &
EHiT, SBROBHIIOOTHRT 5,

=EBRAE

1. BIRMMNSDIEFE bU U NEROSBE L HEE

B K UEH0IE

e A 5B IR & D BRI U 7o BRI A &,
Ficoll-Paque (GE Healthcare ¢1) % U 72 L
BOFEIC KD, BEEAMEKEs () 238K+ HER)
ZEULL, EEE MY VRBRELT, UTFOER
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) oEKIE 10% (56°C, 30 AMc IR L7z
D) Y ERIMEE (Gibco BRL Co. lot 38N9543),
100 g/ml A ML b= A4, 100U/ml RX=
Yy, 2mM 7y I U AEEH T 5 RPMIL640
(Invitrogen Co.) (LAF, HAEH E#R9) ,
CO, MV F aN—%—|ZT, 1X10°cells/ml D HH
PABEICIE A LI E LI, —aF VBBXUD
—aF o7 I FIRAREMICKRIRE S5 1 M~10
mM L85 EHITRML, 24~72 B U7z,
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Z— o v 77 =YY (N-methyl- N'-nitro- N-
nitrosoguanidine: MNNG) LBHiZ, #EE 0.5 %
LU 1.0pug/ml 785 X S K AICRm U 72,
CO, 1 v F 2 X—%—|TT, 1X10°cells/ml O}
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il % 200 X g 12 TR U, U EEARSE I
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ot THbOL, BN UERE, HixORE

WCTCT=aF Ui, —aF o7 I NI TRIAE ATT
W, PBS) IZTHeFH L7, & 5612 MNNG 2

T DNA HEBEUB A2ff - 7c, ZDHD ) V3B
(wumwm)%%ﬁbt%,&mmnAwmm
BB L, 3ADF L —TIT 100l TOHEL
2o S ok, ZNEh, Sample (S), Total (T),
Background (B) & L, % F 2 — 7IZ Solution B
100 21 NZ, JKHITT 20 43k U, MM Al
ftx+H72, S F 2 — 71T Solution C 50 ¢ 1,
Solution D 50 ul1 RS Mizimm L, K<

ST Uiz, £D%, 15°CT60 501 v F 2 N—
b U7zo mBISKPTEHHAL, Solution E 200 u
1A2MAZ, BEXRLEELIERZ, TF2—713
Solution C, D, E @ mixture 300 u1 Zf2 5 IiZ
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MZ, KHiz304, 15°CT60%501 v F 2 X— b
L7z BF 12— 73 Solution C, D 50 u1 i,
Ao, BERAEAETY, BOMBIES F 2 —
TEMBRICUE LT, RREBIXRTOF 2 -7
Solution F 750 1 M1 A, HZ#H#, 650-60 %%t
Ko HEFHIC THOE®RAE (Ex: 520 nm, Em:
590 nm) %ME L7, 728, 2 KX#{DNA OE&
((%) double-stranded DNA) Tl Fizmd R &
HRDIz,

(%) double-stranded DNA
=(Fs—Fb)/(Ft—Fb) X 100
Fs: Sample fluorescence, Ft: Total fluorescence,

Fb: Background fluorescence

(728, FREOHBIZ DN TRUFITRLL)
Soluiton A: 0.25 M inositol, 10 mM sodium phos-
phate (pH 7.2), 1 mM MgCl,
Solution B: 9 M urea, 10 mM NaOH,
2.5 mM CDTA
(1, 2-Cyclohexanediaminetetraacetic
acid), 0.1% SDS
Solution C: 0.45 Vol. Solution B in 0.2 M NaOH
Solution D: 0.40 Vol. Selution B in 0.2 M NaOH
Solution E: 1 M glucose, 14 mM 2- 4 )7 7 b =
5=
Solution F: 6.7 ug/ml =F Vo L7 1<A K in
13.3 mM NaOH
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M, CO, M vFaN—F— I THELL, 12
TRMN=YZDOFEIZE L TiE, HL-60 535X
10° cells/ml O HRE % O IR IZ T, KB 10
mM 23 X5 aF L EEEEL S (KB
KT, 28T, FAI514, 7 <, Hebk
HEODAFLLbDEMWIZ,) ZHML,
12~24 [ CO, £V F 2 RN—F —HITREE L 72,

4. 7HO—-XTINESRKEN GO ULICTFEREREC
EIC 7R =Y 20K H
THRM=VZEFHELUIHKE (5.0X10° cells)

R L, PBS() IZT¥hiF L, fifaz

Lysis buffer (10 mM Tris-HCI pH 7.8, 10 mM

EDTA, 0.19% Triton X-100) 100 x1 122 X 4,
W2 S Ec, ke TRERO%, L4 mEIL,
RNase A LB (50°C, 304}), 7us5A4+—+ K
EE (50°C, 60 43) ZNAXML 72, 1 7o
N —IVIERRIC K O WL DNA 2L, Zh
EFNOY U TINE2%DT Ha—ZAF I TESR,
K EIT -7, BB fEY—A—IF, 123 bp
DNA 7 ¥ —% Invitrogen f1: & D JEA U T2,

F R RBEE IOV TIE, MifEEEOEI L,
PBS(-) IZ T, 1% 7NV 7 ILTIFE Fiz
T, ERMT30 SMMERE L, £LT, [4
U7l A N+ X b 33342 (Calbiochem #t)
KT L, X514 KAFS Ry v Mg, 206
BB I T DT BZ AL A BIEE L 7o,
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b b HIE B B e A e HL-60 1%, 5 %™~ &
FE WM (BioWest ), 100 g/ml X b L 7 b
24y, 100U/ml R=v Y2, 2mM 7%
I UEEHT A RPMI 1640 (Invitrogen Co.) 1,
CO, A vF aN—F—1TTHEL, HMBREEMS
X 10° cells/ml Pl BiZ72 & 5 1I2HEFF L 7,
F LB ICBE L T, HL60 A5 1X10°
cells/ml D HIfE % E D RBEIC T, KIBFE 10~25
mM 1273 5 & D= aF BB LS & IR
L, K72 CO, 1 v F 2 RN— ¥ —hTH3%
Utco 158, Bifkay bo—b& LT, BRIBkEE
MR ~ o 4 1L % E (T,
(ATRA) %, <707y —VHRE~NDMLEA
BIZOWTI, FVE—IVITZFIL (TPA: 12-0
-tetradecanoylphorbol-13-acetate) % T, [
FHICTHFEEIT -7,

all-trans-retinoic acid

6. FLYRERICEDHEFEDTM
FHENH % D HL-60 . EI L, PBS() i
TR, 0%y ) —ILICT—KREE Lz, 2
LT, [EELHMOBERD—HEZS4 R4
JRIZ= Y v b Ut T4 mes UREAR 4 V%L
Lico E5ITHEALZ, FLAFRBAK (F454
TR 12T, BiE 30 Sy Lk, BiF,
JBEZ L, HFIEMBEICLOBOERABE L,
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Btk T, Ficzofllin%E & LT, NAD
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hThHbh, 2O0—4T, =aF7 I FBEDOK
INIC B 22 EMTHY, KY (ADP-Y K
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WAbXIFULoHEE UEoks BERHIGEDS
hi-Emrmgahs,

%7, b bHMFEAE HL-60 #H T, ==
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40 "1 DNAREHIEM
F

E) ;5 1'2 1.8 2‘4
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A4y bHTU AL R, BERFIHEEEY D
EEABRABHESh TO S 2= 7 3(LEW
Thb, i, YEY AL, Bacillus J&D
THITEEL, Mg & Ca' OFERLBFL— b
fle LTEMT 22 & T, RAERFICEBT 23
Al Ic 2 54 2 FERMesh TS, 1/ =3
FU73IFIC20 TR PARPHERITHE Z &
NHIGh TS, £h— KT, PikiihREs
LTHEARAV=aF B K7 Y FoEEIE
WMELTHEERANTELSZ EBAISNTINNS, 8
B, 7y MEBBES LU THRBAMERRST,
LAY A FHORIEAMA SIEMMH B LM
EashTWaY, bAAIL, 1V=Za3F v BE
K32 K, exolmihics T, @ObiEILfE
MAERNZLTEDY, T mEEEE O Sk
R OB TH B I I —VIERESREER OGN
HFUMTPEN S 2 2 & THWMRIRICH ST 5 2 &M
WEEhThaY,

otk PEMAME HL60 (X, EZ I A
M bS5 TH 5, all-trans-retinoic acid (ATRA)
EIC KD R R, EHEREY I D
Elz & b HEREMIIR, RBATOoE—F—D—>
RIWVK—NWVZATFNBEILEIDT 20T 77—V
i~ &, BEREEA~OMEFEEET LTS
a=—— 7 RMlatkTH 5, FFIT, ATRAICEL
T, 2EaiEfEER N OBEICE T, R
B THRBHREBZ ST THBE I EMHISNTH
S, EBE, Waell, =M =aF>TFEF

(A) (B) piasniz
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(A) HioEREAHReEiEic & o % Loy
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6T, HL60 %, —2F 7 3 KTIE, 15
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4 =aF /TR, 10mMIZT, 72 HH
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