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(57) Abstract: The present invention relates to a composi-
tion and functional health food including nicotinamide for
preventing or treating alkylating agent-induced apoptotic
neurodegeneration, to a method for preventing or treating
alkylating agent-induced apoptotic neurodegeneration by
administering nicotinamide or a composition including
nicotinamide, and to the use of nicotinamide for producing
drugs for preventing or treating alkylating agent-induced
apoptotic neurodegeneration. According to the present in-
vention, nerve cells can be protected against neurotoxicity
induced by anticancer agents such as thiotepa, and there-
fore the composition can be eftectively used for treating or
preventing alkylating agent-induced apoptotic neurodegen-
eration. Also, the compositions of the present invention
can be effectively used for treating or preventing neurode-
generation, which is a side etfect caused by treatment using
anticancer agents.
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[38]

[39]

[40]

[41]

[42]

[43]

8ko] Al EARE 01 23pA| ¥ 2LE Bel-2 B Bax TR

=R v o] & A s vk

< Bl el vl }—t— Ysiglolm =9 ¥% A F3}7}

9l )\]’EH‘ITZ] Bax 2] 23759 oA, n|EZ =] o vl 7] 9]

oA, 2 sk 7H2=91A]-39] 914 B NAD+

%“é} NE Q] w0 A opF EA 224 Bl 2 ARA AL

}L 2 FRISE AT 7).

}7] 7}%4;@] 3% DNA &7l T3 el 2 313}/

ARP-1(E¥] (ADP 2| H.22) E 2] ¥ &4 Al-)E A2t 744 <

A I, slvk H Al A sk Tha A3 oA E Al A S s
} =, Bl vk 5 Y s opn| A 2] A & T v v g
Aol A g kA FAd i e ZAE el | Al Ah s

2218} (3 4b).

£ o A A7) PARP-1- DNA 5-7-¢l] 7]550] gl&oll &=

= PARP-19] #4842 ¥ 3& F gk 429l 4 1
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B AT 21 32 1ug2] A A RNAS M-MLV <9 Z A} § A~ (Promega, Madison,
WI, USA) 2} &7 28] 31(dT) 0.5 2 BF°] ™ (Invitrogen, Carlsbad, CA, USA)E
Abg8ko] T 7hEo] cDNA R S HARA Z T PCR WEG- 52t 4 10 9] cDNAE
Z+7} 20 pmol 2] g 1ak B A ukgk 3 g}-o] i (Bioneer Corporation, Seoul, South
Korea), PCR ¥ 3 & X &3} GoTaq®Green Master Mix 2x, 25 mM "} 14| 7
2 ¢}o] =, 10 mM dNTP mix % Taq & 24 (Promega, Madison, W1, USA)$}
W A7) 31, SE ST 7 HALA o] Sefo]u]i= o892k Bl
5-CGACGACTTCTCCCGCCGCTACCGC-3'(8%3F, HAM T 1) &
5'-CCGCATGCTGGGGCCGTACAGTTCC-3' (< +8k A A & 2), Bax;
5-GTGCACCAAGGTGCCGGAC-3'(4 '8 &, A 4% 3) &

5-TCAGCCCATCTTCTTCCAGA-3'( gk, qEH & 4), W -8 (2
fZT o7 AL]) 5-GTGGGGCGCCCCAGGCACCA-3'(d vk 3 5) ¥

5-CTCCTTAATGTCACGCACGATTTC-3' (&3, A3 6).
[74] PCR Z71& 94°Col| A 53-7F 7], 94°Coll A 1 -7 A, 1 7k ol d ¥

W2 (Bel-2: 68°C, Bax: 53°C, 7223 4]-3: 55°C, 2 - €l 63°C), 212 2L 72°Cell A

1 -7F AgHE-3-E 25 Alo] & 3 akal, B e A5 A TA 2 A 72°Cel A

10%-7F PC-812 Thermal Cycler(Astec, Fukuoka, Japan)©ll A #+-5-A] Z 1}, PCR

AHE-2 o El 5 B 2 vho] = (1ul/ml in PBS)E X ¢Sk 1% o} 7f == A 2 255-7F
A7) GEotal M= A7) f8)A UV fze) ez A Z vk S35 A= o 4}
Abo] == PCR AHE 3} & whgk o & 1l ¢l #-2)%F v} (100 bp DNA ladder;

Promega, Madison, WL, USA) %} H| ul &l 4| 73;‘3 3+ T mRNA W= o] Y& =
Molecular Analyst™ version 1.4.1 (Bio-Rad, Hercules, CA, USA)% 213844 o
[75]
[76] A ¢ 4: 2 E5 A
[77] Baxsz} Bcl-22] mRNA g X 2 uld o] W gty v 2l E A 7] whal 2 of] A

W sfoll ul Ak A% a4 S84 ol Bl 2.6 o
O}Ul‘: 5 B9 Bl v stElokr] =8 Ao el A Bl 50 E
SHEITE AR E B 4417F B2k Bl S B 9H30 my/g)©] ol F 24

o> rE_CLrEO

o =(1 mg/g)E Al 7k 5 oAt g W& S Aofel] 94, eint

1o 2212251 A A Bk A 8 24 & Eeholofo] 2ol A AR 791
BENE AL ¥ 242 02 MPBS 9 A F-a) @A ZhE] o A

Atk @A 55 1= Bio-Rad ©H A 124 &S o] g5 =459,

S T 40 pes 3FAZ el 10-15% 7 SDSPAGES: &3]

7] 31 PVDF(polyvinylidene difluoride) "} (Santa Cruz Biotechnology, Santa

Cruz, CA, USA) 2.2 %A 52 M9, 6-175 kDa(New England Biolabs Inc.,

Ipswich, MA, USA)S] AFZl 91411 whul Al wh = bl A o] 22k s 7155}

o] G o o FAI A U v 5o ¥ A& =071 98l 5%(wiv)

AR B2, WY BeE & B §-99 @-Bel-2, 3-Bax, 2

O > oHEl e yE T T oo
oft fU o m > K 2 I oo
lﬁm

> oft foh >
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[78]
[79]
[80]

[81]
[82]
[83]

[84]
[85]

It 223 A)-3, &-PARP-1 A 18] 21 G4 FEo UEE A EAF-c

(1:500; Santa Cruz Biotechnology, Santa Cruz, CA, USA)E A}-&-3}o] =33} 3 1},

gF-B- €l &A|(1:500; Sigma, St. Louis, MO, USA)T o & 29 & 153817] 213

gz o 2 A8 v}, 92 ¢4 7 2] HRP(Horseradish peroxidase)”| 4§+

- 7] 1gG(1:1000; Santa Cruz Biotechnology, Santa Cruz, CA, USA)=.

3z ;q -5—} o] 31 % g gxwﬂ (Immunocomplexes)vo— 7OL g‘-;}g g‘-;}ﬁ]-m%}

ECL-7 % 4] <F(Amersham Pharmacia Biotech, Western blotting detection reagents)<-
of-&al A Z+3tel vt Xoray BES 208k aL 26 E5ke] Fod e H5E

A 2= E1Q1 Sigma Gel(version 1.0)(Jandel Scientific, San Rafeal, Chicago, USA)<

Ahgshel W54 S sto] A shelnh

AAld S =7 Fa 9 FH]

AR A Ae A7 S AN AT g2 AE R X u
24413 F 0 Bl 2 o5} F9) - 5lo] & L] stelopu] S8 A e d A E 23 9] o
A S SA T 24 S A(E =45, B AE A= AbE
4% e} gLy slo] =2 #F A 7] F-of, 1x PBS = 74 4] (transcardially)

R A RS ETA e SN ERSIS RIS S Pn]

71 H b R R nfg o g ThekekS W7bA] 20% AR o] A A W =
O.C.T 3FE9 4 (A.0. USA) € 2] 31, 16um 77 = #7343 A H (coronal plane)<
A 2F3} 31 UH(Leica cryostat CM 3050C, Germany). 4 ¥ & 3l o] 9l &= o]
<2} o] = (Fisher)oll 4] al 1143} v}

AA 6 HAZA 33 A

Fh2=5kA|-39] &S WHal 7] 98l 3719 el uhe Wz A sk S
A8 al ot} Lelo] =2 0.01 M PBSE A H38}a1, 3% #AEskR 7} L3
H BE2- & ool A 1087 WA Z T 2 F- B2 & 9 (2% BSA/0.2% milk/0.1%
Triton-X 100 in PBS)ol| A & A] 7t &<k vl F3}a1, oo A E-227] & lof 1:1000%
sl ¢k B7) g4 7F2=3}14)-3 &3 A (Cell Signaling Technology, Beverly,
MA)ol A HE8 vl Fal v}, A2l &8 A 1} 3] wl el 2, A H 2 90 <
o) xFA Q1 A (E=] &N el HA F-FE7] 1:200)00 A v 3Rl ar, 1 -
90+ =9t 2 ol A4 ABC A] 2f(standard Vectastain ABC Elite Kit; Vector
Laboratories, Burlingame, CA)°ll A BH-g-A] U}, AW S PBSE 7 2F&l] Al & &3l
VIP *] ¢F(Vector VIP substrate kit for peroxidase, Vector Labs, Burlingame, CA)Z}
Sl Wb A S g A 7] 7] Sl el v skl Tk, o m X = o Bt P o
HEst it 7 o] v F-9f ol A &4 7F=TkA|-3- A Al = A ezl
2 #EAe] QAE A4k A I A4S AL

AN 7: T A vlo] 2l ¢ A
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[86] A vhol &l il Ao A ek AA R S-S 98 24 du s
A= AR E AT e S E 9] Nissl 24 5h 3} Abd Bl 4 57
EA R A= 16 mm TS M DS GA R Eefo]| mE AN o R

[87]
[88]
[89]

[90]
[91]
[92]

TS B AN ABE A7 RAE e A e

o 51-5(70-100%) N1 A FA| k31, F8F 2 51-2(95-70%) 1 A =4~ )&} at,

ofAl | o] E W ¥ pH 5.0¢l 4 4| & -, F o] o] 0.25% |4 vlo]-&2l O = oF
1553 A8 A& S = Al % shal thd A of g2l A

A Zn o A= GF Gt A= 7 AL v

A A 9 8: FIB(Fluoro-Jade B) & 4

3} 7] Wi 3 7-o] FIB(Fluoro-Jade B) &3 S 8] &} gl t}. o & A ¢ 244 7+ &,
A9 5ES 2A v A7) 51, 0.9% 4=, F o] o] 0.1 M PBS(phosphate-buffered
saline) W oll 27} 4% T} 325 vl 3l o] == 7 4l (transcardially) ¥5FA] Z T,
Qofald, ¥ AWl Sefol = Al skar, WA S| EAIZTE SEto| =&
1% AP EH R 80% ol ' & ool 5ingh gt 5, 24041 70% 5,
Folo] 234t Firrol Bakth 21 §- Eeko] =& 0.06% I EE 8 ol A
107t o] EA AT =2 Ao & §-, £ 840 =2 0.1% oM EAT B 0.01% FIB
(Chemicon International, USA) & 9 of] 2057 22k t}. &8lo| =& S7/54-5 24
AR S 51, 10%7F AN AT fr2l A 292 304 A 6] i 5
Zefol =9 314385t} 324 o] A & v 7d (confocal laser scanning
microscope)(Fluoview FV 1000, Olympus, Japan) 2] A}-8-¢l] 2] ¢l FIB(= ))&
A&3E7] flel FITC 8 & AR&3kQl ) 2F d 3 o] v & F-9f ol A FIB-47d 9
A= Azl w2 #aae] o x5 #HAslEA 2 AE AL

2 Al o] 9: TUNEL 3! DAPI 9 4

oFFEA 29 A A 55 AE387] Y84, 3 DNAE TUNEL(GenScript
Corporation USA) % 9 2 &} 31 DAPI(4',6-diamidino-2-phenylindole)2 A}-& &}-o]
78 AW E T, of 5 EA] 22 M| S APH ] Q1 Al £ (In situ detection)+-
et U] A =2 QB = E Wl A 2FA(TdT)-H 71 €] dUTP Y dhgt
FATUNEL)E AH&al A & H ¥ 54 A3 16 mmol A 538813 vk TUNEL
A 22 Q] Al A3 AL H & 7] E ¥ F(In Situ Cell Death Detection kit
Fluorescein, Genescript, USA) S AF-&-3}o] &34 2] # ate upebA] 423313 ),
S FAEH16 i) L F- 104 5 9F A2 4] DAPI(Molecular probes,
Eugene, OR, USA)$} o] wjalal /T2 A, 8 AW &8-S
I WA 7E A= fre] Sefol =l a1 83l DAPL 9 A (3 A S &35
9|3l DAPL Bl & AF8-3}31 AL, TUNEL(= )= H&35H7] #1384 FITC 2 &
AF-8-3F3ITE TUNEL ¥4 (574) 3 DAPI(3H&h) 44 s |2 & %] o] A
& 7] 7 (Fluoview FV 1000, Olympus, Japan)= AF-&3}o] €138}l t), 7+ A 9]
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2 F 9 ol A TUNEL-¥4 o] Al 2= Al el 3ol wha daate] e 4=
HAaghel| A 21 S Al kskol v

[93]

[94] AA o 10: "ol g 4 5 FA

[95] RT-PCR % ¢ =8 580 2 B g 9] &4 =& 2703} 31 Sigma Gel System
(SPSS Inc., Chicago, IL)S A8 A4 Y ES5A S gl o 24 B-A v}, W E gh2
+ X AHSEM)Z A &8t 54184 2ol = ANOVA(one-way analysis of
variance)2} 5 ©]-2 Student's t-test™ A 3} T}, BB Ao A, E A 42l
o AdE 9k 518 52 P <0.05% 3E] 8kt

[96]

[97] 234

[98] gtk HE Q] Ao A B @ H - % 9 Bax mRNAs ¥+d - A< of 3k
Usgoln|= X 7o 53

[99] Wkat 2l E o] u o A E] Q H| JF-F 54 Bax mRNAs W& 24 g5 ol o st

Yagloln| =g 485 499 a34E A7) $8A] RT-PCR &4 &
Fi ot e Bl E 9] 1 of| A Bax T A o] ko] W glel eddho] Q1= E]QE
Y g ol = A gl 9 g Bax mRNA 73| o] &4 59 o7, Bax9]
IEAAH, v EFE o} 7] 5ol W AEZ APE S 2T} 44 F9H(30
mg/kg) I A (Bl LBl h o] A 3] F9] F-ol], o} 5 E A 2= 4| &F 4 Bax mRNA 3]
TR = QDI A A Fol v sk A S o, dlatell A = i gt gl
4A1ZE &<t Bl QE 9 S0l Y sglolr| = A= A A E 9] 9] 1} Ao A
Bax mRNA & =4 & Fo| v 8} A ZFAAI ZTHE 1a). T3, U Elop =
e Al B ] % M Al, El Qe 3ol e W A E ] v, duf B A] Aol 2
Bcl-2 mRNA & 4] o) A = o w gk 54 2] Q1 Wl e 25 4] 24T 1b).

;
ﬂlO

_1_4

5}

ol
3

;
’

=

[100]

[101] we PE] HoA E]QH -9 Bax A F A AL O3l
Usgoln= X a9 &3

[102] Y glopn| =l o3k B QH| 3+ A of S EA 24 A1 H & 15 0
A HlA Y S-S ol @3] Hal, E E A ES | EFE g olA] A 29
AT o EA A el o] W hE W E g gv) Bel-2 # i 2] Wiv] <l
OFEEA 2 280 Bax W 8} o} FEA] 2 9] Bel-23 O} 5 EA| A R 9
AR Al A ot} mpabA], L E g AE L 14:”:40}‘31‘: A A&} F-A A,
47N} Fot ) Qe ok A w] 5 97, djvp 2 Aol A Bax 2 Bel-2 ©h A o k3]

A8 24 8hgleh 514 0 A gl M Baxe] A% & T} u]wE )
Bl oHls Ao uhel 2445 A0 Veba B 2 H s e 5
Ysslobr) = 2 A 8 4 % Baxel 2] folvakA 4 A8 Y

2a), W sl rfoll A Bax "E& ol A= oj w7k 57 A Afolx i Ik, thzak
Hlargh w) of 23 A ] gk Z15F Aol A 9] 4, sl B Aol A €] Bel-2 T
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[103]
[104]

[105]

[106]

[107]
[108]

[109]

R, ol 1% A3t 44
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=] A Oﬂﬁ ‘j“g }L 74 Oi UrE]rUr'L‘ U]E;":FJO}“ -
A EAF-c BES W vadotr =e] matel] e Al skl &
g AbE S v, djnp ®A el A g gkl FhaabA]-3 A 9l

AE SM S48, o= 7] obsr EAI 2 v 7| E] S H| atol] o] 8 A
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[Fig. 1b]
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[Fig. 2a]
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[Fig. 20]
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[Fig. 3]
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[Fig. 4b]
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[Fig. 64]
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