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(Curcumin)
1. Curcumin.

1,7-Bis(4-hdroxy-3-methoxyphenyl)-1,6-hepadiene-3.5-dione;tu

meric yellow;diferuloylmethane. C21H20C6
368.37 C68.47% H5.47% 0O26.06% Curcuma
Longa , Zingiberaceae
183
2. (Curcumin) 8588
Rhizoma curcumae
[ ]
[ ]
(Zingiberaceae) Curcuma longa Linne
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[ ]
1. 1955 50%
5 7
2. 1957
[ ]

Tuber Curcumae Radix Curcumae

[ ]
[ ] (Zingiberaceag)
Curcuma longa L.
2. C. aromatica Salisbury
3. ( )C. zedoaria(Berg)Roscoe
[ ]
[ ]
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90cm 10 20cm

4 7 80cmi
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2.5cm
[ ]
[ ]
1. Guttenberg
2. Robbers
3.
| 3
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5.

Polymethyl carbinol
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(Zingiberaceae) ( )Curcuma

zedoaria(Berg)Roscoe
[ ]
[ ]
[ ]
[ ]

1. Cineol

2.
[ ]
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(chemopreventive medications)
o (NSAID)
aspirin,piroxicam,sulindac  indomethacine

(chemopreventive medications)”™*

cyclooxygenase(COX) arachidonic
acid(AA) 12
NSAID G1 biocking™ ™
NSAID 1516

(chemojpreventive medications)

17-19

20

4-6,21
flavone
HT-29
20 Garlic (Allium  sativum)
S-allylmercaptocyseing(SAMC)
BR HT-29 SW-480
caspase3-like jun kinase
SAMC G,/M 28
Genistein
HT-29 HT-29 SW-620 SW-1116 colon
cancer cell lines cell cycle arrest at G,/M phase®

Inducible nitric oxide synthase (iINOS)
cyclooxygenase-2(COX-2)
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INOS
( 15 Curcuma Longa Linn.rhizomes

21,29-32 , 33,34

benzo(a)pyrene (B(a)P)

Al N-ethyl-N'-nitro-N-nitrosoguanidine (EENG)
C57BL/6 azoxymethane (AOM) CF-1
> Kim M
1998 Carcinogenesis B6C3F1

1,2-dimethylhydrazine cihydrochioride(DM H)

preneoplastic aberrant crypt foci (ACF) %
(US National Cancer Insiitute)
37,38
AOM DMBA
AOM DMBA
* AOM
F344 arachidonic

acid metabolism. s

arachidonic acid metabolism

cyclooxygenase(COX) lipoxygenase(LOX) protein kinase
C(PKC) ornithine dedarboxylase(ODC) tyrosine protein kisase(TPK)
{tumor _promotion) c-fos,c-fun c-mycgenes
transcription factors (AP-1,NF-K b) 40-42
Hanan S. 1997 Cancer Research

(tumor promoters)

3 (lovo)

Go/IM a4
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NIH3T3(immortalized) human leukemiacell HL-60
human conon cancer cell HT-29 human hepatocellular carcinoma
cell HepG2 .48
SW620 G,/M arrest
47
NF-kappaB Cyclo-oxygenase 2 {COX2)

¥ Hanif R/ 1997
Journal of Laboratory & Clinical Medicine
HT-29 and HCT-15

Go/M arrest
HT-29 and HCT-15
(apoptosis) 49
N-acetyltransierase
70% 0
chemical carcinogens >
arylamines

4-aminobiphenyl and 2-aminofluorene
52,53

acetyl coenzyme A co-factor !

DNA DNA DNA adduct
54,55 AF DNA-AF adducts

56-58 59-63

68-76
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34 KDa NAT1 NAT2Locus AF
NATI  NAT2 p-aminobenzoic acid PAPB
NAT1
2-aminofiucrene
AF
AF
NAT Acetyl CoA AF
NH2 2-acetyl-aminoflorene < AAF
Cytochrome P450 Sulfotransferase
ultimate carcinogen
DNA  Guanine DNA
hydroxyl amino, sulfhydryl
Acetyl-CoA
AF NH2 Acetyl amine
2-AAF

Ac-CoA+NATL CoA+AC-NAT
Ac-NAT+Aminell Acetyi-amine+NAT
Cytochrome P450

NAT2

64,77-79 2-aminofluorene AF

80-83

NAT

NAT
NAT

10
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AAF

(Cell Cycle)

division
interphase
GJG:1 S Gy/M phase
% DNA DNA
DNA
Go
G, RNA DNA
DNA S DNA
DNA G2
M Gy
Go G, M DNA Go
S DNA 90 14
DNA histone S
DNA DNA DNA
ZN AN S G,
DNA DNA
Gy G,
G Gy
S
Go post-mitotic cell G,
Go DNA

1
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Go e DNA
DNA G, G,
2-5 DNA ANEOP

Flow cytometry FACS

Propidium lodide PI Pl

DNA RNA
Pl
46
(Apoptosis) apoptosis
faling off ot
T-CELL DINA
(programmed
cell death)
92 (necrosis)
93 16
DNA DNA
300 bp 185 bp

programmed cell death

12
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Propidium lodide Pl 7-Amino ActinomycinD 7-AAD

94

(chemopreventive agent)
sulindac curcumin phenylethyl-3-methylcaffeate(PEM C)
(Apoptosis) (biomarker)®
(colo<205)

DNA Apoptosis

13
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1. HPLC Beckman(Programmable Solvent Module 12§;
Diode Array Detector Module 168 )

NAT
A. Cl8reversed— phase column spherisorb 4 6% 250 nm

Solvent system 20 mM KH2PO4 FPH4 5 CH3CN 53
47

C. Wavelength 280 nm
D. Retentiontime AAF 65min AF 9.0 min

W

2. Flow Cytometry ( FACS can)
FSC
SSC FSC
SSC
Propidium
lodide (PI) Pl
3. Nikon Ellipse TE 300
4, Model 3200 Eppendoff / Brinkman

King —Seeley Thermos Co. USA

Ui

14
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6. Spectvoline model ENF-24

1. P-L Biochemicals Inc. Milwaukee , WI Acetyl
Co-A

2. K and K laboratories  Plainview , NY

2-Aminofluorene (AF)
2-acetylaminofluorene (AAF)

3. Sigma Chemical Co.  St. Louis, MO
L eupeptin
Tris-HCI
Trischloroacetic acid
Ethylenediaminetetraacetic acid - (EDTA)
P-aminobenzolic acid (PABA)
N-acetyl-p-aminobenzoic acid (N-ac-PABA)
Formic acid (Ammonium salt ) = Ammonium formate
1,4-Dithiothreitol (DTT)
Bovine serum abumin (BSA)
Phenylmethylsulionyl fluoride (PM SF)
Adengsiine 5-triphosphate (ATP)
Dimethyi sulfoxide (DM SO)
Trypsin
Trypan blue
Ribonuclease A (RNAse)
Acetylcarnitine
Carnitine acetyltransferase
Tergitol NP-40

15
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4, Fluka
Propidium lodide (PI)

5. Gibco laboratories ( Grand Island , NY )
RPMI 1640 culture medium
Fetal bovine serum
Hanks balanced salts
Antibiotics ( Kanamycin , Penicillin, Streptomycin )
Glutamine

6. Merck
Acetonitrile
Acetic acid
Ethanol
Acetone
Triethylamine
| odoacetamide
Ethyl acetate

7. FERAX (GMBH, Berlin)
Ethylene glycol monoethylether
Trisodium citraie 2-hydrate

8. Working Lysing Buffer Solution ( )
Waorking solution PH7.5 4 20mM TrissHCL 1 mM
Dithioth-reitol (DTT) 1 mM Ethylene diaminete traacetate acid
(EDTA) 20 mL 50 mM phenyl methyl sulfonyl fluoride (PM SF)20
UL 10y M leupetin 20u L

9. Acetyl-CoA recycling mixture

16
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50 mM TrissHCL (PH 7.5) 0.2mM EDTA 2mM DTT 15mM
acetylcarnitine 2 U/mL carnitine acetyl transferase AF(22.511 M)

10. Cdk1,cdk2,cyclin-e 1%, 2" antibody from BECKMAN COULTER

11.

12.

USA

UsS.

Human colon cancer call iine - CCLO 205

cell line COLO 205

cell type human colon adenocarcinoma

species  homo sapiens(human)

tissue colon;adenocarcinoma;from metastetic Site ascites
discription Isolated from ascitic fluid of a 70-year-old Caucasian
male with carcinoma of the ccion,the patient had been treated with
5-fluorouracil for 4-6 weeks before removal of the fluid
specimen;procuce carcinoembryonic antigen;tumorigenic in suitable
host animals.

Curcumiri Sigma Chemical Co. St. Louis, MO

1,7-big 4-hydroxy-3-methoxyphenyl]-1,6-heptadiene-3,5-dione.

From curcuma longa(Turmeric)

Inhibits the ‘induction of nitric oxide synthase in activated
macrophages; inhibits cyclooxygenase and 5-lipoxygenase

s

N 1 J \
Co1H20Cs

SIGMA ,USA
DMSO

17
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2.

(Curcumin) COLO 205

(Curcumin)
COLO 205 NAT

COLO 205 5x10° cells
2 ml lyss buffer (20 mm Tris-HCL(PH7.5 at 4
) 1mM DTT 1mM EDTA 50 mM PMSF and 0w M Leuptin)

9000 rpm I
10000rpm 60
AF PABA Acetyl-co A
AF  PABA 90
ML 50u L COLG 205 20 L

Acetyl-coenzyme A recycling mixture((50 mM TrissHCL  PH
7.5) 0.2mM EDTA 2mM DTT 15 mM acetyl carnitine 2U/MI
carnitine acetyltransferese) 225uM  AF PABA

20p L Acsetyl- CoA 10p L

1 5 10 25 50u M Acetyl—
CoA 37 10 100up L
acetonitrile AF  PABA 3

HPLC COLO 205
NAT
NAT ACTIVITY IN (COL-205) CELL CYTOSOL
PROTOCOL

5x10° COLO 205 cdlls
!

lysis buffer
l

18
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cytosol
!
+AF(22.5uM) or PABA (22.5uM)
!
+curcumin(1-50 pM)
!
acetyl coenzyme A
!
Incubated 37°c 10min
!
HPLC
!
The amount of AF and AAF of PABA and N-Ac-PABA

B
COLO 205
COLO 205 1x10°cells ml 24 well
plate 1 ml RPMI glutamine 10
(1530 60 90 uM) arylamin AF PABA
25uM 37 95 5
6 12 18 24
ethylacetate  methanol 95 5
200p L methanol 20u L
HPLC AAF
Al 3
COLO 205 N-acetyltransferase NAT

(COLO 205) CELL NAT ACTIVITY
PROTOCOL

19



SOURCE: http://lwww.science-truth.com

1x106 cells/ml in 24 well plate
l
+AF or PABA(15-90uM)
l
+curcumin 25y M
l
Incubate for different time(6-24tirs)
l
collect supernatant
l
dry down under speed vacuuri
l
methanci

HPLC
)
The amount of AFand AAF or PABA and N-Ac-PABA

(Curcumin) COLO 205
AF DNA ADDUCT
| plate well 1x10° COLO 205 cdlls
AF(30 60 90 pM) 2.5
LV 24 GENOME DNA isolatio
kit protocol(BIO 101 LaJolla CA USA) DNA
DNA TE buffer(10 mM Tris-HCL 1 mM
EDTA pH 8.0) 5ml TEbuffer( 5pg DNA)  5ml
10x T4 polymerase buffer(0.33 M Tri acetate 0.66 M
potassium acetate 0.10 m magnesium acetate 5.0 mM DTT
Ph 7.5) 40 ml H20 17 pmol y -[*P]dATP

20
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(3000 Ci/mmol) 22 T4 DNA polymerase 60 'c
60 10ml  0.5M EDTA
Sephadex G-50 chromaiocgraphy
Beckman HPLLC

(pump 168 and detector 126 Ultrasphere C18 reversed
phase ion-pairing column 4.6x25 cm 30 mM KH,PO, pH
6.0 10% CH-CN 1.5 ml/min 10

90% 30 mM KH,PO, Ph 6.0 5 mM
tetrabutylammonium phosphate 50% CH3CN 65

uv 254 nm (3. min=15 ml)
scintillation spectrometry (Levy and Weber 1989;Chung et
al.,2000) DNA
ATP (peak) DNA
pmol adduct/mg DNA (Levy and

Weber 1989;Levy et a.,1894 Chung 1999:Chung et al.,2000)
ANALY SIS OF AF-DNA ADDUCT
PROTOCOL

1x10° cells/well in 24 well plate
l
+different concentration of AF(30 60 90 uM)and/or curcumin 2.5
UM
l
Incubate for 24 hrs
l
harvest cell
l
isolate DNA with GENOME DNA kit
l
digest DNA by nuclease

21
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HPLC
1
AF-DNA adduct

RT-PCR(Reverse Transcriptase Polymerase Chain

Reaction ) (Curcumin)
COLO 205 NAT1 ( NAT mRNA)
12 well plate well 5x10° COLO 205 cells
01 10 <25 50 10 25
50 M (Curcumin) 24
Qiagen Rneasy Mini Kit (Qiagen , inc ,
Valencia, CA ,USA) total RNA total RNA (1.5
M Q) 0.5 p g of oligo-dT  primer and DEPC (diethyl
pyrocarbonate )-treated water 12 5u L
70 10 1
(First-strand cDNA
synthesis kit, Novagen) total RNA PCR

target cDNA 50u L
1.5 mM MgCl2,0.2 mM dNTP mix, 20 pmoles of each

primer (B-MDIEA-NAT1 & VPKHGD-X-NAT1 for NATL,
FP1-NAT2 & RP1-NAT2 for NAT2, Act b | & Act b 2 for
beta-actin) CcDNA 50 ng total RNA 2 units of
DyNAzyme DNA Polymerase The sequence of
primers as follows

B-MDIEA-NAT1,5-CACCCGGATCCGGGATCATGGACATT

GAAGC-3',nt 435-454, GenBank accession number X17059;

VPKHGD-X-NAT1,5-GGTCCTCGAGTCAATCACCATGTTT

GGGCAC-3, nt1295-1278, GENBANK accession humber

X17059;

22
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FP1-NAT25-CTAGTTCCTGGTTGCTGGCC-3')nt
79-98,GenBank accession number NM-000015;
RP1-NAT2,5-TAACGTGAGGGTAGAGAGGA-3'nt
1073-1054,GenBank accession number NM-000015;

Act bl,5-GCTCGTCGTCGACAACGGCTC-3, nt 94-114,
GenBank accession number NM-001101;

Act2 b2,5-CAAACATGATCTGGGTCATCTTCTC-3',nt
446-422,GenBank accession number NN 001102, 44243 )

NAT1 GENE EXPRESSION
PROTOCCOCL.

5x10° cellswell in 12 well plates
{
tcurcumin(0.1 10,25 /50 10 25 50u M)

l

incubate 24 hrs
l

isolate total RNA ( Qiagen Rneasy Mini Kit)

l

RT-PCR(cDNA)
l

Primer (NATL, beta-actin)
l
Gel Electrophoresis
l
Get Picture

(Curcumin)

23
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COLO 205 (cytotoxicity)
COLO 205
PBS Trypsin
COLO 205 24 well plate
well 1x10° cells COLO 205
01 05 10 25
50 uM) 37 95 5
6 12 24 48 72
( Trypan blue)

400

VIABLE CELL
PROTOCOL.

1x106 cellsiwell in 24 well plates
!
+curcumin(0.1-5.0 uM )
!
incubation(6-72 hrs)

!

harvest cells
!

Trypan blue
!

FACS
!
count viable cdll

24
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(Curcumin)
COLO 205 DNA
6 well plate well 1x10° cdls COLO 205
01 05 1.0 25 50 uM 37 95
5 24 DNA
DNA G- NOME DNA KIT
COLO 205  trypsin
1x10° cel I swll PBS
cell suspension
solution 50p'L RNase
100u L cell lysis denaturing solution 55 15
25 |.-protease mixture 55 60
500u L Salt— Out mixture
4 10 10 TE buffere
100 ethanoi - DNA DNA 1 agarose
in TBE buffer ethidium bromide 50mV
Uv DNA fragment
DNA
DNA DAMAGE
PROTOCOL

1x10° cells/well in 6 well plates
l
+curcumin(0.1-5.0 uM )
l
incubation(24hrs)
l

25
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harvest cells

l
DNA (G-NOME DNA Kit)

l

electrophoresis
l

ethidium bromide

l

uv
l
Picture
(Curcuminy
COLO 205 (cell miorphiociogy)
24 well plate well 1x10°cells  COLO 205
01 05 10 15 25 50uM 37 95
5 24

CELL MORPHOLOGY
PROTOCOL

1x10° cells/well in 24 well plates
!

+curcumin(0.1-5.0 uM )
l
incubation(24hrs)
l
harvest cells
l

26
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Reverse Phase Micoscope
l

Picture
(Curcumin)
COLO 205 (cell cycle)
24 well plate well 1x10° ceils COLO 205
01 05 10 25 5.0uM 37 95 5
6 24 48 72
PBS 70 PBS
Trypsin
PBS
5 300Xg 200p L PBS
3 70
20
5 300Xg PBS
| mL stain

solution - fina concentration of Triton 1% RNase 0.1 mg/mL
& Pl 4u g/mL 30

GO G1 S G2 M phase DNA
DNA

CELL CYCLE ANALYSIS
PROTOCOL

1x10° cells/well in 24 well plates
!

27



SOURCE: http://lwww.science-truth.com

+curcumin(0.1-5.0 uM )
l
incubation(6 24 48 72hrs)
l
harvest cells

l

Propidium lodine
l

FACS

l

Cdl cycle anaysis

(Curcumin) COLO 205
Cyclin-Kinase
1x10° COL O 205 celis 6 well
01 05 1.0 25 .50uM 37 C 5%CO,

trypsin0.1cc 1ccPBS
1.5¢cc 4 C 1500rpm 5min
Trypan blue
5x10° cells/200 pl 96 well

1500 rpm 4 € 2min ice-cold 1%
formaldehyde 100 pl for 5min ice-cold 99% Methanol
100 pi-for 30 min 4 C 1500 rpm 2 min

100ul  0.1%BSA in PBS 4C 1500
rpm 2 min 100 0.1%
Triton X-100+0.1% sodium—citrate in PBS
45min 100 0.1%BSA in PBS 4 C
1500 rpm 2 min 100 pl
cdk2 or cdkl or cyclin-E antibody 2.5

(Ab 0.1% BSA+0.1% sodium azide  PBS )

28
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100 Wi 0.1% BSA in PBS 4 C 1500 rpm'2

min 160 i
FITC-conjugated 1gG antibody 30
100yl 0.1% BSA in PBS 4C 1500
rpm 2 min 100 piv 20
pg/ml PI+0.5 mg/ml Rnase in PBS 30

100 W 0.1% BSAin PBS FACS
cdk2 cdkl cyclinrE  DNA
Mark J. Jaroszeski and Richad
Heller Flow Cytometry < Protocols ( Methods in
Molecular Biology Volume 91) Cipt 6:Detection of the Cyclins
in Individual Cells by  Flow ~and Laser Scanning
Cytometry .p67-75
ANALY SIS OF CYCLIN-KINASES EFFECT
PRCTOCOL

1x10° caliswall in 6 well plates
l
+curcumin(0.1-5.0 uM )
l
incubation 24 hrs
l
Harvest Cell
l
ice-cold 1% formaldehyde 100 pl for 5 min
l
ice-cold 99% methanol 100 pl for 30 min
l
wash
l

29
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100 pl 0.1% Triton X-100 + 0.1 % sodium citrate in PBS
!

1 antibody
l
2 antibody
l
FACS
(Curcumin)
COLO 205
5x10° cells of Colo 205 2.5 uM
37 C5%CO;, 24 trypsin 0.1 cc
PBS 1.5CC
4 C 1500 rpm 5 min pipette
350 plBuifer RTL  vortex 60
70% ethanol 350 pI  'mix by pipetting pipette
column sitting in 2ml collection tube 15 sec at
10000 rpm 700 pl Buffer RW1
15 sec at 10000 rpm transfer column
to anew 2 m! collection tube 500 pl Buffer RPE
15 sec at 100C0 rpm 500 wl Buffer
RPE Zmin at 10000 rpm transfer column to anew 1.5
ml coliection tube 30 yl RNA-free water 1
min RNA 260 nm OD (OD =1
DNA=50 pg/il RNA=40ug/ul) RNA
micro-array

The Micro-array analysis
Protocol

30
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5x10° cellsof COLO 205
!

tcurcumin(2.5 uM )
l
total RNA
l

l
cDNA Microarray
l
Gene Up or Down Reguiation
l

Futher Study

unpaired student’ stest ANCVA

(COLO 205) NAT

10 50 10 25 50u M

31
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HPLC NAT ( AF )
250 m 40.9% 50p M
54.59%
(COLO 205) NAT 1
B
1. (COLO 205)
arylamin AF PABA
COLO 205
NAT 2 3 1 2
(15 30 B0 90uM) arylamin
AF 24 HPLC NAT
32.62% 23.51% / 3440% 36.17%
2. (COLO 205) NAT Km
V max
(COLO 205)
NAT Km Vi 4 5
31 32 (COLO
205) NAT Uncompetitive inhibitor
3. (COLO 205) NAT
(COLO 205)
NAT 4-1 4-2
4-3 4-4 4-5 4-6
(Curcumin) COLO 205

AF DNA ADDUCT

AF

32
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(COLO 205) DNA-AF-Adduct ( 6 ( 5
AF 30 60 90uM
DNA-AF-Adduct 45.16% 45.61% 38,54%

RT-PCR ( Reverse Transcriptase Polymerase Chain Reaction )
(Curcumin) COLO 205
NAT1 ( NAT mRNA)
(COLO 205)
NAT1 ( NAT mRNA) ( 6

(COLO 205)
(cytotoxicity)
24
01 05 1.0 25 5.0uM  COLO 205
83.66 74.96 64.15 51.09 24.01

COLC 205
7 ( 71 7-2)
COLO 205
(Curcumin) COLO
205 DNA
DNA
base-pair DNA APOPTOSIS (
8-1 82 8-3) (Curcumin)
CCOLO 205
(Curcumin) COLO 205

(cell morphology)

33
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9
(Curcumin) COLQ 205
(cell cycle)

Go/Gy

S
G,/M 48
0.1 G.5 1.0 25 5.0uM
total S-Phase 8.67% 6.06% 6.30% 12.44% 21.85%

Go/Gy 84.61% 83.76% 84.37%  74.78% 68.78%

8 ( 101 102 103 104 » 105 106  10-7)(
11-1 112 113 11-4)

(Curcumin) COLO 205 Cyclin
Cdk
CYCLIN-E CDK1 CDK2
( 12-1 12-2 12-3) CYCLIN-E CDK1
CDK2
CDK2 05 1.0 25 5.0uM

12.95% 1852% 44.86% 65.57%

(Curcumin) COLO
205
13-1 13-2 13-3 13-4 9
10 13-5 11
AANAT (down regulation) 12 cyclin-A
(down regulation) 13 up or down regulation

COLO 205
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(Curcumin)

Curcuma aromatica
Salish. Curcuma kwangsiensis S.Lee et C.F. Liang Curcuma

<

g

35
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longa L. Curcuma zedoaria Berg. ROSC.

Curcuma longa L.

( )
Curcuma zedoaria(Berg. JRosc
C.aromatica Salisb C.kwangsiensis S.Lee et C.F.
Liang 1 15% 20
(Curcumin)
COLO 205
Takahiko Katoh. 2000 Cancer
NAT1 * Aromatic amnine
96
(Target organs)
o NAT ( N-acetyl
transferase ) DNA
DNA (DNA-adduct) >
NAT'®
Y NAT
101
NAT 1 6— dinitropyene
1% NAT
NAT
B(@P A/l
EENG C57BL/6 AOM CF-1
® B6C3F1
DMH preneoplastic aberrant

)

Vs
W~

¥

=
ol

)
P2
—_—

oci (ACF) % AOM DMBA

/i
'
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39

AOM F344

arachidonic acid metabolism.
103

arachidonic acid metabolism COX LOX PKC ODC TPK
c-fos,c-fun c-mycgenes transcription

40-42

factors(AP-1,NF-K b)

Chen H. 1999 Anticancer Research
(lcvo)
S,G/M
NIH3T3 HL-60 HT-29  HepG2
45,46
SW620 G,/M arrest &
Hanif R. 1997 Journal of Laboratory & Clinical Medicine
HT-29 and HCT-15
G,/M arrest
HMT-29 and HCT-15
(apoptosis)
(Curcumin)
COLO 205 NAT
COLO 205 NAT RT-PCR
(Curcumin) COLO
205 NAT1 COLO
205 NAT NAT
(Curcumin)
612 18 24 NAT (N-acetylation of AF
) NAT (N-acetylation of AF )

NAT V mex Km
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uncompetitive inhibitor( :Competitive
inhibitor : Noncompetitive inhibitor - Uncompetitive inhibitor )
AF RT-PCR
(COLO 205) NAT1 ( NAT mRNA )
(Curcumin) COL.O 205
AF DNA (DNA adduct)
AF (COLO205) DNA
(Curcumin)
COLO 205 NAT
COLO 205 NAT1
NAT
(Curcumin) COLO 205
(Curcumin)
DNA
COLO 205 (Curcumin)
COLO 205
COLO 205 (Curcumin) 24
DNA (Curcumin) COLO
205 (necrosis)
(programmed cell death, apoptosis)
So JB 2000 Journal of
Surgical Research p27 cyclin E
% “shin Jy 2000 Experimental & Molecular Medicine
P27 07 poyagi K. 2000
Kurume Medica Journal. cyclin E
(overexpression) 108 p27
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109

cyclinE
cyclinD1 Glphase Sphase cyclin
cyclin D1 mRNA cyclin D2
cak-cyclin
COLO 205
COLO 205 (Curcumin)
FACS
(Curcumin) COLO 205 (cell cycle)
Go/Gy S G,/M
G,/M arrest
cyclin-kinase
(Curcumin) COLO 205 Cyclin-Kinase
CDK2
CDK1 CDK2 CDK1 Go/Gy
S S G,/M Kinase
~FACS (Curcumin)
COL.O 205 (cell cycle)
Go/Gy S G,/M
(Curcumin)
COLO 205 AANAT
(down regul ati on)
COLO 205
( COLO 20 5NAT NAT
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( COLO ANRAL) Uncompetitive inhibitor
DNAdduct AF
(COL25) DNMAFADDUCT
RAPCR (Curcumi n)
COLO 205 NAT1 ( NAT FIRNA )

(102550M)
(COLO 205)NARIT mRNA )
(Curcumin) COLO 205

COLO 205

(Curcumi 24 48 DNA DNA
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Fig.1 Effects of Curcumin on Human Colon Tumor Ceil NAT Activity in
intact cell- different substrate concentration.
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Fiq.2 Effects of Curcumin on Human Colon Tumor Cell NAT Activity in
intact cell - different incubation time.
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Fig.3-2 Effects of Curcumin on Human Colon Tumor Cell NAT Activity in
intact cell - ky, and vinex analysis ,PABA as substrate.
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Fig.4-2 Etfects of Curcumin on Human Colon Tumor Cell NAT metabolites
0.1uym curcumin , treatment for 18h.



SOURCE: http://lwww.science-truth.com

fAbsorbance
0, 1000 0.20%0
0.00 | P, | | I L |
T 5,85 2<asf
7.92 2-af
9,98 ] T e Y : ——
9. 1000 0. 2000
Absorbance

Fig.4-3 Effects of Curcumin on Human Cclon Tumor Cell NAT metabolites.
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Fig.4-4 Effects of Curcumin on Human Colon Tumor Cell NAT metabolites.
1.0pm curcumin, treatment for 18h.
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Fig.7-2 Effects of Curcumin on viability ¢f Human Colon Tumor Cells

Fig.8-1 Effects of Curcumin on DNA contents of Human Colon Tumor
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49



SOURCE: http://lwww.science-truth.com

Fig.8-2 Effects of Curcumin on DNA/ conients of Human Colon Tumor
Cellsfor 24 hrs treatment
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Effects of Curcumin on DNA contents of Human Colon Tumor
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Fig.10-1 Effects of Curcumin on Humain Colon Tumor Cell, the cell cycle on
48 hrs.
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Fig.10-2 Effects of Curcumin on Human Colon Tumor Cell, the cell cycle 48
hrs, (control).
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Fig.10-3 Effects of Curcumin on Human Colon Tumor Cell, the cell cycle 48
hrs, (0.1uM of curcumin).
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Fig.10-4 Effects of Curcumin on Human Colon Tumor Cell, the cell cycle 48
hrs,( 0.5uM of curcumin).
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Fig.10-5 Effects of Curcumin on Human CalonTumor Cell, the cell cycle 48
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Fig.10-6 Effects of Curcumin on Human Colon Tumor Cell, the cell cycle 48
hrs, (2.5uM of curcumin).
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Fig.10-7 Effects of Curcumin on Human Ccion Tumor Cell, the cell cycle 48
hrs, (5.0uM of curcumin).
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Fig.11-2 Effects of Curcumin on cell cycleof Human Colon Tumor Cells for
24 hrs treatment.
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Fig.11-3 Effects of Curcumin on cell cycle of Human Colon Tumor Cells for
48 hrs treatment.

56



SOURCE: http://lwww.science-truth.com

—®— GO0/G1
O G2/M
—w— S

100 ~
80 -
(0]
o
@®©
—
c
() 60 -
o
(]
o
T 40
(6]
o
20
— — —_——— - —
@ Ol (oYY (SRR v
0 T T T T AN . T T T
control 0.1 0.5 1 2.5 5

Curcumin{mm )
Fig.11-4 Effects of Curcumin on cell ¢ycle of Human Colon Tumor Cells for
72 hrs treatment.
CYCLIN-E CURCUMIN COLO 205

w

£

S 120 A+
>

o

N—r

v

o 100
o

()

>

= 80
(2]

o

o

5 60
()

(@]

©

+— -
c 40
()

[&]

)

o 20
X

i

control 0.5 1 2.5 5

CURCUMIN CONCENTATION (mM)

F0.12-1 Effects of Curcumin on Cyclin-Kinase of Human Colon Tumor
Cells CYCLIN-E.

57



SOURCE: http://lwww.science-truth.com

CDK1 CURCUMIN COLO 205

D)

__ 80~
—
X
©
(&)
@
Y 60
(]
>
3
(@]
o
w— 40
o
)
(@]
©
c
O
© 20 -
()
o
O\O
0 -
control 0.5 1 ?2. 5
curcumin con ion(mM)
Fig.12-2 Effects of Curcumin on Cyclin- Human Colon Tumor
Cdls CDK1.
~ CDK?2 C@ LO 205
N
X
© 120 A
S
o
© 100 o O
()
2
2 9)
S 60 - I~
()
o
@
=
()
hut
()
o
X

D
N\

control 0.5 1 2.5 5

curcumin concentration( mM)

F| fects of Curcumin on Cyclin-Kinase of Human Colon Tumor
Cells CDK2.



SOURCE: http://lwww.science-truth.com

Apoptosis Down Regulation

59

f F. MAX

“Wlas prutciu
G.STATIZ
Homo sapiens mRMNA Tor
STAT induced STAT
inhihrtar-2, complete vds
H.
Human guaning nocleotide
exchange factor mEMNA,
compilete cds
I. RELE
Transcription Factor Helb
J. PPFMI D
Hemo sipiens profein
phosphatase Wipl mRMNA,
cosmpicte cds
W MG
Muyelopercxidase

\ L.
Human Epstein-Barr viros-

induced protein mENA,
cnplete ods

ML AOXO3A
I“II]II‘I'I "Il.l'l.ll'lls [III'LI'"."IH! I'II'IHI."'ill
IFKHRLI} mRNA, complete
cds

ll N.EIF4G2

Eukarystic translation initintion
factor 4 gamma, 2
OLTIEM
Homao saprens CC3 (CC3)
mENA, complete eds
P.I"shMAG
Prieasome Tata Chain



SOURCE: http://lwww.science-truth.com

Apoptosis Up Regulation
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Fig.13-2 Up-Regulation of apoptosis-relaed genes by curcumin.
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Fig.13-3 Down-Regulation of cell cycle related genes by curcumin.
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Fig.16 Apoptosis and necresis

1. norma cell.

2. compaction and segregation of chromatin, condensation of the
cytoplasm ,and miiid convolution of the nuclear and cellular outlines.

3. nuclear fragmentation and marked convolution of the cellular surface .
produce membrane-bound apoptotic bodies.

4. latdy phagocytosed and digested by adjacent cells.

early necrosis.

6. clumping of chromatin into ill-defined masses. swelling of organelles,
flocculent densities in the matrix of mitochondria .finally, membranes
break down and cell disintegrates.
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Table 1 Effects of Curcumin on cytosolic NAT Activity.

Curcumin Treatment AAF N-Ac-PABA
Control 6.87+ 0.56 5.01+ 0.46

1puM 6.84+ 0.55 5.04+ 0.48

5uM 6.90+ 0.59 5.10+ 0.52

10u M 6.94+ 0.62 4.91+ 0.40

25u M 4.06+ 0.44 %~ 3.86% 0.27%™
50u M 3.12+ 0.27%“ 2.90+ 0.14%~

Note. Values are meant SD of activity(nmol/min/mg proteiin); n=6.
Anova analysis used for comparisons.

®Significantly different, at p level of 0.05,compared tc control.
PSignificantly different, at p level of 0.05,compared to iy M.
‘Significantly different, at p level of 0.05,compared to 5y M.
Sgnificantly different, at p level of 0.05,compared to 10u M.

Table 2 Effects of Curcumin on Human Coion Tumor Cell NAT Activity in
intact cells-different substrate concentration.

substrate

concentration(u M)

AAF N-Ac-PABA

control curcumin control curcumin
15 187+ 0.26 *1.26+ 0.14 1.09+ 0.14 *0.70+ 0.08
30 3.19+ 0.36 *2.44+ 0.21 2.44+ 0.26 *1.59+ 0.14
60 6.86x 0.57 *4.50+ 0.36 5.01+ 0.43 *3.49+ 0.27
90 6.58+ 0.53 *4.20+ 0.32 6.49+ 0.49 *4.06+ 0.34
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Table 3 Effects of Curcumin on Human Colon Tumor Cell NAT Activity in
intact cell - different incubation time.

Times(hrs) Acetylated Substrates(nmol/10° cells)
AAF N-Ac-PABA
Control Curcumin  control curcumin
6 1.42+ 0.10 *0.94+ 0.08 0.90+0.06 *0.60+ 0.04
12 344+ 031 *2.59+ 0.22 2.30+ 0.18 *1.44+ 0.12
18 5.69+ 0.44 *3.87+ 0.39 4.02+ 0,36 *2.39+ 0.22
24 6.84+ 0.59 *4.26x 0.38 5.04+ 0.46 *3.26x 0.31

Table 4 Effects of Curcumin on Human Colon Tumor Cell NAT Activity in
intact cell - ky, and vy @naiysis, AF as substrate.

VARY M) 1V (nmol/min/mg protein)
control curcumin
0.373 0.084 0.116
0.435 0.116 0.169
0.543 0.159 0.184
0.745 0.196 0.236
1.102 0.239 0.276
2.205 0.418 0.456
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Table 5 Effects of Curcumin on Human Colon Tumor Cell NAT Activity in
intact cell - ky, and vinex @nalysis ,PABA as substrate.

1/PABA(U M) 1V (nmol/min/mg protein)
control cur cumin
0.373 0.096 €110
0.435 0.124 0.158
0.543 0.177 0.179
0.745 0.206 0.218
1.102 0.254 0.269
2.205 0.436 0.456

Table 6 Effects of Curcumin on the formation of DNA-Adduct.

@
Q

AF Concentration(p M) DNA-AF Adducts(pmol/mg DNA)
Control curcumin

30 0.31+ 0.10 *0.17+ 0.09

60 057+ 0.21 *0.31+ 0.16

90 0.96+ 0.26 *0.59+ 0.20
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Table 7 Cytotoxic effect of curcumin on COLO 205 cdlls.

6hrs 12hrs 24hrs 48hrs 72hrs

viable cedlls % viable cells % viable cells % viable cells % viabie cells %

83.20+0.79 85.33+4.67 83.73+0.82 83.78+5.16  86.213#2.11
0.184.11+1.93 80.34+1.28 83.66+1.35 84.18+3.27 86.91+3.13
0.581.94+1.81 75.1+2.27 74.96+0.14 85.66+2.05 86.78+1.28
1.073.40£1.34 76.58+0.60 64.15£2.04 82.39+2.98 82.95+3.36
2.54593+4.01 37.56+1.62 95109t 1.65 5924+539  45.87+6.76

5022204223 27+1.10  24.01*¥150  16.73%7.56 20.21+2.17

control

Table 8 Cell Cycle distribution of COLO 205 cdlls.

6hs

241rs

Go/G1

GJ,/M

S

Go/G1

GJ,/M

S

control

75.72+1.70

5.53+0.95

18.75+0.75

76.96+2.61

13.03+1.27

10.01+1.47

0.174.11+0.79

5.61+0.48

20.26x1.10

74.38+2.28

12.14+0.90

13.48+1.40

0.575.09+2.08

7.01+0.47  17.90+1.64

1.074.37+0.42

8.25+0,65

70.78+2.17

11.83+1.13

17.39+1.95

17.39+0.62

70.80+2.30

11.88+0.58

17.32+1.76

2.575.30+£1.09

9.90:+0.94

5.078.01+0.97

14.80+1.11

68.26+3.09

12.52+0.43

19.22+3.31

9.92+(0.46

12.07+0.59

77.60+2.43

14.54+0.84

7.93+1.58

48hrs 72hrs

Go/G1 G,/M S Go/Gy GJ,/IM S

control 80.08+£0.95 9.99+0.85 9.92+0.18 85.99+1.89 7.12+1.36 6.90+0.69

0.184.61+5.87 6.72+0.85 8.67+6.48 76.61+1./73 8.56+0.66 14.83+2.19

0.583.76+0.57 -10.19+0.39 6.06+0.18 79.23+1.76 6.9/+0.94 13.80+1.26

1.084.37+0.67 9.33+x1.04 6.30+0.97 78.36+1.92 6.90+0.90 14.75+2.19

2574.7/8+£1.46 12.77/+0.99 12.44+1.29 76.59+0.35 9.80+0.35 13.61+0.27

5.068.78+2.12 9.37+0.61 21.85+2.37 65.43+1.99 25.73+4.51 9.19+5.59
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Table 9 Cell Cycle related genes regulated by curcumin.

(P/CAF) mRNA, complete cds

transcription

Cell Cycle Up/Down Regulation
Gene_Sy NF ratio of _Up/Do
mbol Name Function_Category mean wn
B-cell tranglocation gene 1, 2.056855396Up
BTG1 anti-proliferative cdl cycle
H.sapiens MTCPL gene, exons 2A to 7 0.440449284Down
MTCP1 |(andjoined mRNA) cdl cycle
CCNE2 |cyclin E2 cdl cydle 0.436173078Down
cell division cycle 42 (GTP-binding N 0.431896871Down
CDC42  |protein, 25kD) cdl cycle
Homo sapiens protein phosphatase Wipl |m- phosphatese/cell_ 0.416217447Down
PPM1D |mRNA, complete cds cycle/apoptosi's
Human Bcl2, p53 binding protein o 0.410515838Down
Bbp/53BP2 (BBP/53BP2) mMRNA, cal eycie/lSD/binding
complete cds protein(TP53,Bcl2)
Homo sapiens mitotic feedback control 0.400538022Down
protein Madp2 homolog mRNA,
MAD2L1 |complete cds cdl cycle
Homo sapiens retinobl astoma-associ aed | 0.350648945Down
HEC protein HEC mRNA, complete cds cell cycle
Latent transforming growth factor beta 0.344947336Down
LTBP2  |binding protein 2 cell cycle/binding protein
eukaryotic trandation initjati onfactor 4  |cdll cycle/apoptosis/protein 0.340671129Down
EIFAG2 |gamma, 2 gynthesis
FACC/FA |Fanconi anemiacompgnaﬂ.tatﬁn group 0.337820325Down
NCC C DNA repair/cell cycle
GASL  |Growth arresi-specitic 1 cell cycle 0.317864694Down
~ oncogene/cdll 0.283655041Down
BCL3 B-cell CLL/lymphoma 3 cycleltranscription factor
cell cycleftranscription 0.273677225Down
ZNF35  |Zincfinger protein 35 (clone HF.10) factor
jHomo sapiens cyclin T mRNA, complete (cell cycle/transcription 0.269401019Down
CCNT1 leds factor
CDC27" - [Cail division cycle 27 cell cycle 0.266550214Down
| cdl cycle/cdll 0.257997801Down
FHuman p300/CBP-associated factor proliferation/m-transferase/
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Table 10 Apoptosis related genes regulated by curcumin

Apoptosis Up/Down Regulation N\
Gene_Sym NF ratio of Up/Down
bol Name Function_Category mean
Bone morphogenetic 3.038957521UP
BMP4 protein 4 growth factor/apoptosis
Proteasome (prosome, 2.414631351UP
macropain) subunit, beta
PSMB6 |type, 6 apoptosis/protease
Human galectin-4 (GAL4) |apoptosis/cell growth/cei! 2.396101123UP
LGALSA |mRNA, complete cds adhesion/inflammation
Proteasome Component 2.158058953UP
PSMB10 |Mecl-1 Precursor apoptosis/protease
Huntingtin (Huntington 2.128125506UP
HD disease) apoptosis ~
oncogene/apeptosi S/transcripti 0.477509742Down
MAX Mas protein onfactor ~
Homo sapiens MRNA for |binding protein/ceil 0.457554111)Down
STAT induced STAT proliferatior/apoptosig/inhibit
STATI2  |inhibitor-2, complete cds |or
Human guanine 0.446150893Down
nucleotide exchange binding
factor mRNA, complete \protei r/SD/apoptosis/cell
cds — |proiiferation
ancogene/apoptosi /transcripti 0.419068251Down
RELB Transcription Factor Relk_|on factor
Homo sapiens proteii 0.416217447Down
phosphatase Wipl mRNA , Im-phosphatase/cell
PPM1D  |completecds’ cycle/apoptosis
peroxidase/stress 0.406239631Down
MPO Myelopercxidase protein/apoptosis
Human Epstein-Barr 0.370604576Down
virus-induced protein
MRNA, complete cds apoptosis
Homo sapiens forkhead 0.354925151Down
protein (FKHRL1)
FOXO3A imRNA, complete cds transcription factor/apoptosis
lsukaryotic translation 0.340671129Down
initiation factor 4 gamma, |cell cycle/apoptosis/protein
ElF4G2 - |2 synthesis
apoptosi s/tumor 0.340671129Down
Homo sapiens CC3 (CC3) |suppressor/binding
ITIP30 mMRNA, complete cds protein/transcription
PROTEASOME IOTA 0.23804217\Down
PSMA6  |CHAIN apoptosis/protease
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Table 11 AANAT down regulation of COLO 205 cells by curcumin.

Gene Symbol

Name

Function Category

NF ratio of mean

AANAT

Human serotonin
N-acetyltransfera
se MRNA,
complete cds

m-transferase

0. 392489164
(down regulation)

Table 12 Cyclin A down regulation of COLO 205:cells by curcumin.

[ .
Name Gene _Symbol  [Function_Category NF ratio of mean
0. 630027779
CydinA___ [CCNA2 cell cycle (down regulation)
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Table 13 Significant gene up or down regulation of COLO 205 by curcumin.

NF ratio of

Name Gene_SymbolFunction_Category meai
kelch (Drosophila)-like 3 KLHL3 structure protein 6.633821907

m-dehydrogenase/transpo 4.971802924
aldehyde dehydrogenase 3 ALDH3A1 rter
INTESTINAL TREFOIL cell matrix protein/cell 4.5643960415
FACTOR PRECURSOR adhesion
Homo sapiens IGF-I1 4.581242718
MRNA-binding protein 1 RNA binding
(IMP-1) mRNA IMP-1 protein/proiein synthsis
Human mitogen-activated 0.206683321
kinase kinase kinase 5
(MAPKKK5) mRNA,
complete cds MAP3K5 kinase —
Elastase 1, pancrestic (elastase | 0.202407114
1HA) ELAL m-protease

cell matrix 0.196705506
Orosomucoid 1 ORM1 pirotein/inflammation
Fatty acid binding protein 4, binding 0.191003897
adipocyte FABP4 protein/transporter

membrane protein/cell 0.153943439
claudin 1 CLDN1, adhesion
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ABSTRACT

Colorecta cancer isamajor cause of cancer deaths in Western countries
as well as in Taiwan. Curcumin (diferuloylmethane), derived from the
rhizome of Curcuma longa L. and having both antioxidant and
anti-inflammatory properties, inhibits chemically induced carcinogenesis in
the skin, forestomach, and colon when it is administered during tnitiation
and/or postinitiation stages on animal model. This‘study was designed to
investigate the chemopreventive action of curcumiii on ithe human colon
cancer line (COLO 205) by means of NAT (N-acetyitransferase) activity
anaysis, DNA-AF adduct assay, NAT mRNA expression; cytotoxicity , cell
morphology , cell cycle, apoptosis and micro-‘aray assay.

The result indicate that curcumin decreased NAT activity in human
colon tumor cell's cytosol and this effect is™ dose-dependent manner.
curcumin decreased N-acetylation of AF in human colon tumor intact
cells.in dose-dependent and time-course effect .Curcumin also decrease Ky,
and Ve vaue of NAT enzyme in human colon tumor Cels. It is an
uncompetitive inhibitor for NAT enzyme in this examinant cells . Curcumin
also reduce AF metabolites in decrease AF-DNA adduct and NAT gene
expression in human colon tumor Cells. Curcumin induce cytotoxicity effect
in human colon tumor-intact cell. It is a dose-dependent and time-course
effects. Curcumin also induce major in necrosis and minor in apoptosis
effect depend on the dose of Curcumin in colon tumor intact cells. Curcumin
affect cell morphiology by decreasing cell number in human colon tumor
cells. Curcurnin also affect cell cycle by decreasing the percentage of Gy/G;
phase and increasing the percentage of S phase in human colon tumor cells.
Curcumin do increase cyclin-E,cdkl,cdk2 expression in human colon tumor
intact call. The micro-array analysis shows AANAT down regulation. The
futher study is needed to explain the relationship between curcumin and
human colon cancer.

This result, together with a long history of consumption without

85



SOURCE: http://lwww.science-truth.com

adverse health effects, suggest that curcumin is an important candidate for
consideration in colon cancer prevention.

Keywords curcumin  (diferuloylmethane) colorectal cancer
chemopreventive  human colon cancer cell line (COLC @ 205)
N-acetyltransferase(NAT) arylamine 2-aminofluorene and p-aminokenzoic
acid uncompetitiveinhibitor cell cycle micro-array anelysis
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