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I. ABSTRACT

Inducible nitric oxide synthase (iNOS) is associated with disease progression in human
malignant melanoma. We therefore tested the hypothesis that targeted iNOS inhibition would
interfere with cell growth and thereby induce apoptosis in human malignant melanoma cells.
Release of nitric oxide (NO") induced by iNOS expression was inhibited by a specific iNOS
inhibitor, N-[(3-aminomethyl) benzyl]acetamidine (1400W), and/or an NO" scavenger carboxy-
PTIO in A375 (p53 wildtype) and SK mel-28 (p53 mutant) cell lines, and subsequently led to
p53-dependent apoptosis via sub-G1 cell cycle arrest, as indicated by Annexin V/propidium
iodide and DNA fragmentation assays. Human malignant melanoma cell apoptosis induced by
iNOS inhibition was blocked by an exogenous NO' donor, sodium nitroprusside. Comparison
of control and 1400W and/or carboxy-PTIO-treated human malignant melanoma cells by
guantitative RT-PCR analysis revealed that inhibition of NO" synthesis modulated levels of
inhibitors of apoptosis family (XIAP, clAP-1 and -2, and survivin). Collectively, these data
show that endogenous NO" accelerates cancer cell proliferation activity, and iNOS expression
may have predictive value for tumor progression in human malignant melanoma cells.

Citrus wastes such as premature fruit drop and citrus juice processing waste material
cause many economic and environmental problems. Citrus wastes were evaluated for their
bioactive compounds and antioxidant capacity. The contents of total phenolic and flavonoid
pigments were measured using colorimetric method. In addition, free radicals (DPPH, O,
H,O, and NO°) scavenging assays were used to determine the antioxidant capacity. The
highest contents of total phenolic and flavonoid pigments were found in citrus wastes. These

contents were more prevalent in premature fruit drops than the level found in mature fruits.



All citrus wastes possess an evident antioxidant capacity. The results showed that citrus
wastes could be economic and readily accessible source of natural antioxidants and as a possible
pharmaceutical supplement.

We investigated the role of nitric oxide (NO") and influence of p53 status during
apoptosis induced by these agents in A375 (p53 wildtype) and SK mel-28 (p53 mutant) cells.
Citrus wastes inhibited cell growth and promoted apoptosis by the elevation of NO’; treatment
with citrus juice processing waste in p53 wildtype cell was most effective. Increased NO’
production after treatment with citrus juice processing waste modulated levels of gene products
involved in the apoptosis pathway such as Bax, DR4, Bcl-2, PARP, caspase-3, and inhibitors of
apoptosis family (XIAP, clAP-1 and -2, and survivin), dependently of p53 status. These
findings support the hypothesis that citrus wastes are effective apoptosis-promoting agent in
human malignant melanoma cells and indicate that NO" could be considered a potential target
for improvement of the effectiveness of human malignant melanoma treatment.

In this work the influence of citrus wastes on nitric oxide (NO°) level and on the
apoptotic processes in human malignant melanoma melanin-free A375 and melanin-producing
SK mel-100 cells were investigated. Citrus wastes inhibited cell growth and promoted
apoptosis by the elevation of NO; treatment with citrus juice processing waste in melanin-free
cell was most effective. Gene product levels of inhibitors of apoptosis family were depressed,
but increases in p53, PTEN, caspase-3 and PARP occurred, dependently of melanin status.
The data suggests that citrus wastes may be beneficial in combating human malignant
melanoma and nitric oxide and melanin can be considered as a target for human malignant
melanoma chemotherapy.

Exposure to monocyclic aromatic alkylanilines namely o-toluidine, m-toluidine, 2-
ethylaniline and 3-ethylaniline, was significantly and independently associated with bladder

cancerincidence. Chinese hamster ovary AS52 cells were exposed to o-toluidine, m-toluidine,
2



2-ethylaniline and 3-ethylaniline for 6 h in the presence and absence of a metabolic activator
(human S9 mix). Cell survival was determined by trypan blue exclusion 24 h after treatment,
and 6-thioguanine-resistant mutants at the xanthine-guanine phosphoribosyltransferase (gpt)
gene locus were assessed. Chinese hamster ovary AS52 cells exhibited a dose-dependent
increase in cytotoxicity, mutant fraction and nitrite production on treatment of o-toluidine, m-
toluidine, 2-ethylaniline and 3-ethylaniline. Supplementation with immature citrus extract
reduced toxicity induced by o-toluidine, m-toluidine, 2-ethylaniline and 3-ethylaniline.
Immature citrus extract also provided protection in oxidant status of o-toluidine, m-toluidine, 2-
ethylaniline and 3-ethylaniline-treated cells. Our results indicate the importance of immature
citrus extract as a public health concern and its importance with respect to the high probability

of alkylaniline exposures and their toxic effects.
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Table 1. Citrus samples used in this study

Group Name Harvest time

1 Peel of Miyagawa-wase November 2011
2 Pulp of Miyagawa-wase November 2011
3 Premature Okisu-wase fruits July 2011

4 Premature Okisu-wasw fruits August 2011

5 Premature Sandojosaeng fruits July 2011

6 Premature Sandojosaeng fruits August 2011

7 Premature Hallabong fruits July 2011

8 Premature Hallabong fruits August 2011

9 Citrus juice processing wastes December 2011
10 Hydrolysis citrus residues from bioethanol production ND?

¥ No Data

11
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incubatorell Al 51 7+ WEEAIH ow, Had ]| Eos APA A A3 1.25 mM 2,2-
azinobis(3-ethylbenzthiazolin)-6-sulfonicacid 30 pL, blankell= <&F< 30 uLE H 73t &

peroxidase (1 U/mL) 30 uLE A& ¢ blankell % 7}ske] 37C2] incubatoro Al 10+

22171 U2 microplate reader® 405 nmolA] FFEE Sl AASS
o2l o8] AbEekaltt.

% inhibition = [{(C?-CB”)—(S”-SB?)}/(C-CB)] % 100;
14



C?: control, CB: blank control, S: absorbances of the sample, SB?: blank sample,

8. Nitric oxide 2A% &3

=9 7]E 50 Lol AAFSFF SN (pH 7.0) 0.2 A Z3F 10 mM sodium nitroprusside 50
uLs F7bste] 25T 9 incubatorell A 3A17F & <QF ¥H-3-A1Z1 5, 100 uL2] griess reagent

(1% sulfanilamide, 0.1%  N-1-naphthylethylenediaminedihydrochloridein  and

i
|\
o
ol
o,
2

polyphosphoricacid)®}  £3t¢F © 5%7F WESAIA ssonmeld FRE

a7 T gl o8 AEsth

% inhibition = [{(C?-CB™)—(S”-SB")}/(C-CB)] x 100;

C?: control, CB”: blank control, S: absorbances of the sample, SB?: blank sample,

9. MEujkF

B Aslo] Abgy Q7 SAE AE A375 (p53 wild type, melanin-free), SK mel-100

= —

(p53 wild type, melanin-producing), SK-mel 28 (p53 mutant, melanin-producing)= 2z 10%

heat-inactivated fetal bovine serum, 100 units/mL penicillin, 100 pg/mL streptomycin®} L-

20 3
= nanieds

glutamine= %713t dulbecco's modified eagle medium vjX] & o] &3&}o] 37T

15



CO, incubator (5% CO2/95% air)oll Al vl kst MEZ7F wjeFE-7]2] 80% H = <S4
Al phosphate buffered saline (PBS)C. 2 A|EE A3 3 0.25% trypsin-EDTAZ
A ste] A st v 3-4dntrt wekskgit.

EE AY A AEE EFS T IS HUESHA @2 g om 2443t

wjeFatel Go7lel %718+2 Alsksich

A

10. MXZ

At
(o)
e
o,

Trypan blue exclusion assays ©]-§3st Ax =& S-S Kim F[34]8 S
Wwagste] thy e Wy S 6 well platec] AEE 2x10° cellsiwell
EE 1X10° cellsiwell ©] HE% 5t AREAS w5, AIEE AT &
AEv N 7 0.4% trypan blueE &FCZ 2o hematocytometerE ©]-§-3Fo A|3E 2
A AEE Fondor dEEdn. AE7E dMEA kom Aol gle A,
FAEH L AEZE Fste] ST S BT A W o]Fo]Rom,

AEEdS H7FHA &2 dxa AETE 100%% ot 2 AlgE4do gl

MTT assays ©]&38 AE54S th57 2> oz S A2E 5x10°
cellssmLo] = =5 wjof o7 3]A43te] 100 Lo AXE HEN-S 96 well HiFE7]9]
Zh welloll 24x]3F FF wjekete]l FRAIZT AdEds w5, AEE A

S ZF wellel] 3-(4,5-dimethylthiazol)-2,5-diphenyl-tetrazolium bromide (MTT, 5 mg/mL)

16



AEHZE APA 5o el MTT assay$} trypan blue exclusion assay S 4] 3|

Aeiste] SAH o, Be A3 AEEdE drbskA o2 2T AEsE

—
ol
o
2
R
Jo
2
St
oX
1t
oot
flo

100%% 2t AldEde] Adzl AEAAEES
thAFEA S €8] 8iA] viA] 1 mL & 16 uL S9(440 pg S9 protein) ¥} 65 pl sterile-filtered

core mixture (25 mg/mL NADP, 45 mg/mL DL-isocitric acid)E 3 7}ste] z13)s}adth.

&
109 FQF A AR gpt AR =AdWolel 2RY s A4Sy Slsl

Ak A el A

=
i
i
S
)
it

Z(2 uM 6-thioguaning)o] 7= AY T H71H
ekl om, 10-149 &t AEAIA BT FRYS AFete] ARl WE

i

12. & A3 A A YAF 534
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SEEE AEsh wjekET]olA 100 uLA o] wiek e FHalo] s F2] griess reagentE
H7Fslal o]& 108 I+ HES-AlA  oxidation producte! NO, A4 A XS 540 nm

RgelA FFsgon, ol NO, w&el te ZFEHAES NaNO,E AMg3ho]

13 FAL BA/E 0|88 ATFY) W AT ATS 54

Fek A1d AlEFE (2x10°

ol

Cell cycle> Kim %[34]9] wWdel ue} ¥4
cellsiwell)oll AlFEAES A7, 58 E Hstal AEE 3]7ste] PBSE Al st

T 70% &SR 4TA 30F &<t AU 1 E AEZE 1200 rpm o Z 1233

(|

Tk AR o ASdE AASIL 1% FBS7F ¥stE PBSE 2-33]
A X sttt " AZES 500 pg/mLe] propidium iodide® AE F 10 pg/ul o
RNase7} %%l PBS (1% FBS)el Yo 37CelA 30& 2 ¥EZA[Z]aL flow
cytometerE ©]-&sto] AlZF7]E EA 3

MIEIAE AE 5 SAHAE g8 AEES 60 mm HjeEH Al 2x10° cells/well 2]

-

il
i
ftlo
34_1{
AU
_O|Lr
2,
=
02
_O|Lr
2
=
2,
ke
il

Ue® F58 F 99 43 UHer AY
PBS= A 3}al trypsin-EDTAE A2 %3l Annexin V& propidium iodide (500

ug/mL)= A < flow cytometry el o3l =7 k3T

18



A E(2x10° cells/well)oll A& E2-S 2] sto] wjoksta, AEE 423 8+o] GenElute
Mammalian Genomic DNA Miniprep KitE ©]&3le] DNAE FZl&k3ich w2l st
DNAZ 1.8% agarose gelolA 60-90%(50 V) %<t A7]9%S 3+ v ethidium

bromide® A3} UV transilluminator 3Foll 4] DNA ©+# 3} A4S #-zHakei o)

15. Reverse transcription-polymerase chain reaction (RT-PCR)el] &3 mRNA 23

24

TRI reagentE ©]-8-3}o] total RNAE #25tal UV spectrophotometer® 7 =Fst <,

R

top script one-step RT-PCR kit®} Z+Z}e] primer (Table 2), DEPC waters %

of\
i

FAASENZ FEE3th mRNA 2d FFES vwsly] 98] 7t PCR AHES
ethidium bromide &<o] Z7}¥ 15% agarose gelol4 60-90-+(50 V) =<t

27199 %35o] UV transilluminators ©]-§-3}o] 2

-li"l

13kl ot
7} sample®] RT-PCR 4tz Fds Al57F YeERE B-actin 442 RT-PCR

AFE-S internal control & KR8 3 v B4 51T}

Kl

19



Table 2. Primers used for RT-PCR

Gene

Forward primer

Reverse primer

nNOS

iINOS

eNOS

Survivin

XIAP

clAP-1

clAP-2

/3 -actin

5 TTGGGGGCCTGGGATTTCTG

G-3’

5" CCAGTGACACAGGATGACCT

TCAG-3’

5" CCAGCTAGCCAAAGTCACCA

T-3

5 GCATGGGTGCCCCGACGTTG-

5" ACACCATATACCCGAGGAAC-

5 AAGTTCCTACCCCTGTCCAAT

G-3

5 CCTGTGGTTAAATCTGCCTTG

_3/

5 GGTCATCTTCTCGCGGTTGGC

CTTGGGGT-3’

5 GTTGGCATGGGGGAGTGAGC

_3’

5 -TGCCATTGTTGGTGG

AGTAACG-3

5" GTCTCGGAGCCATACAGGAT

T-3

5" GCTCCGGCCAGAGGCCTCAA-

3/

5 CTTGCATACTGTCTTTCTGAG

C-3’

5" CAAGTAGATGAGGGTAACTG

GC-3’

5" CAATTCGGCACCATAACTCT

G-3

5" CCCCAGGCACCAGGGCGTGA

T-3'
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AF Aok ARl Fote] FAFS s TS 5% mercaptoethanolo] 3 7HE

laemmli sample bufferS 4] 014 sample= A %3} th. B F sampleS sodium dodecyl

sulphate-polyacrylamide gel-s ©]g3to] 7| Fo=z Fadth. #8d d@ds

s}3-3F  acrylamide gel> nitrolcellulose membrane®. 2  ZFolA7l  F H]Eo]Z <l
g g ko]l AdS whr] g 5%2 skim milkE 33 T-TBS (10% Tween 20)=
2417F FoF skt A2 ¥ membrane o 13} FA| 9} 1o A&Eh= 23 A=

Z 2] 3Fo] WkS-AlZ1 3 enhnaced cheilumino-scence £ NS A& A]71 t}2 ChemiDoc

X
Pl
wn
i
o,
ofo
ol

ol
2
Jm
o,
iy
=
i)
1o
o

T3S skt

WA 3o A8 1%} antibodyE = anti-NOS1 (diluted 1:500), anti-NOS2 (1:500), anti-
NOS3 (1:1000), anti-p53 (1:1000), anti-p21 (1:1000), anti-Bax (1:1000), anti-Bcl-2 (1:1000),
anti-DR4 (1:1000), anti-caspase 8 (1:1000), anti-caspase-3 (1:1000), anti-caspase-9 (1:1000),
anti-PARP (1:1000), anti-B-actin (1:8000)¢] A} 137, 22} antibody=+= horseradish
peroxidase-conjugated goat anti-rabbit antibody, horseradish peroxidase-conjugated goat anti-

mouse antibody = AF-&-3F31 T}

17. Caspase-3 activity =74
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ANEEA Aol upE caspase-3 activity H3}E dolR 7] 935t ApoAlert Caspase-

3 Colorimetric Assay kitS ©o]&3llom, A3 WHe gLy A 99 TU3 A3

EN

Aoz ik A Eeo| chilled cell lysis buffer 50 pLS 3 7}ake] A-SolA 108 E<h

i 47T, 16000 xgellAl 107 3 AAEE st FadsE s FH 50 pL

—r

oMol 2X reaction buffer/DTTES 50 pL o] 37CeolA 30% 7+ WESAIZITH

4
Jo

=
oo

o] £ caspase-3 substrate (DEVD-pNA) = caspase-3 inhibitor (DEVD-fmk) 5

uLE H7ksko] 37TCeolA 1A1ZF &<_F HES-AIZ1 % microplate reader= 405 nmoll A

o

=T S5y

18. Azhd FA4ZF 54

AlSEE 60 mm plateo]l 2x10° cellsiwello] ¥ %= HF31o] 244]7F F¢F F2A]7] 11
AAEdE Agsto] 48A12F Fb wjekstelth wieko] FRE § FHE AxEe] IN
NaOH &9 1 mLS 3 7}ato] 100TCollA 30% 2+ &3]A17]a, 12000 xgollA 20+

2 AP ste] Aol FFA FFEE 400mel A Sl

>
feicu)
e
X
o
i
N
N
o}
N
52
flo
)
PN
~d
=
b
1o
mi

bl FAFS 100%E skl 7

19. TAAHE
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+ RmEHAR Ao, S fo4del

=
o
1
o|X

< SPSS program(12.0)2] Duncan’ s multiple range test?} student's t-testE

ol g-3to] p<0.05% wwk BAF Felgol Ui Zow ke

PA
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1 297185 o1& SAFAAY AsAL 98 7178 2 & Ao I

© ATedM e WAl astE v SAF Az Sl ojwd dds st
NE=AE 87 Y8te] o] A7EA] NOSEC] 28-S oA 4= 9l inhibitor=
el Atstdae] Ades "W AlZ W oo AAE WidA AstEAE
DA 4= 9l NO' scavengerS o] 2313t}

g ¥22Ql NOS inhibitor®} NO° scavenger %! o9 fFasLE 27| 95+
4811 Bt FFAAFAA A ps3S ZHE QIZF ZAFE A375 (p53  wildtype)
M3ze] o] NOS inhibitor®t NO° scavengers = E Aglstel 1 AEZARE
FEE MTT WS o] &3t S4 33t

ARG inhibitor2= NOS Fiell #AIRe]l AdAEINE Hols Zo=m dyxl
non-specific NOS inhibitor?] N-omega-nitro-L-arginine methylester (NMA), iNOS specific
inhibitor®] N-[(3-aminomethyl) benzyl]acetamidine (1400W), nNOS specific inhibitor<!
Vinyl-L-NIO, eNOS specific inhibitor¢! gallotanin 72|32 NO® scavenger?! carboxy-
PTIOE AFE3FATt iNOS specific inhibitor?] aminoguanidine (AMG)¥} gallotannin-=
Au|d Aol AbE FIE HolX| Xsto] 2 Aol Al LA A

A375 AIZEO A NMASE Vinyl-L-NIOE= S35t AXAE a3E Holx X3ial oy

o
2
off
ki
=
2

(4 mMeollA Z}7} 899} 88%°] AE=+), 1400WZ carboxy-PTIOS] 7
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s

ki
o\
S
_0|L
rlr

77} S HAth (Figure 1A). 1400W<

ol

= A5 A

kel

Ap

A% 4 mMoll A 43%2] AEES, c-PTIOS] % 400 xMoA] 36%2] ALE&HS H o

SAF AEZoA INOSE Al AdE QI AbstEAVE HAE SAH d-dd
Foolate s 9e o Amf
o ©@AIE 20~30%2] AHEES Hol= Zb inhibitore}l scavenger®] V1A sEE

Blato] 24-72A1%F FQF AEANE RS @A oM, ps3 Ak whel o] %

W= A hobr 7] ffste] AR p53 R #AH(p53 wildtype)E A AL QU=

o
oL
o

A375%} p53 X A7E Wol®l SK mel-28 (p53 mutant) Al X5 AFEEFATE (Figure
1B). E& AgellA A Ate] F7bgke] wel AEEo] FATS K,
A3759) A= 72A17F <k 1400W, carboxy-PTIO, NMA (200 uM carboxy-PTIO %3] 2])
28] Al 25-32%2] AWEES XY OH (Figure 1B), SK mel-28 (p53 mutant) 2] A &&0]
A375H T} =2 7107 ulFo] p53 F-7#7}F Z} inhibitor2} scavenger 2o o g

ROz ofAHT} (Figure 1C).
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120 4

Cell viability (% of control)

L] NMA
1400W
20 1
-=-&=-== Vinyl-L-NIO
—e— ¢ PTIO
0 T T T ]
0 1 2 3 4
mM
120 - 120
100 C

80

60

40
——#— 4mM NMA

Cell viability (% of control)
Cell viability (% of control)

4 mM 1400W

20 4 20
—8&— 400 1M ¢-PTIO
0 ===0-== 4mM NMA pretreated with 200 pM ¢-PTIO 0
0 24 48 7 0 24 5 2
h h

Figure 1. The percentage of viable human malignant melanoma cells following treatment with
NOS inhibitors and NO" scavenger. The human malignant melanoma A375 cells were treated
with the indicated concentration for 48 h (A). A375 (p53 wildtype) (B) and SK mel-28 (p53
mutant) (C) cells were treated with the indicated concentration for 24-72 h. Each point is the

mean T SD of three experiments.
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::‘

A
=4

rulm
x
Zi
Olt

b7] 913t

=
T =

A375 AEFE oz Asbd A FoJA2 sodium nitroprusside (SNP)E o] £-&}o]

0F-E] 50 uM7h#] F=WE= AH2d A A3750A] 4841 A3 A] 100 uMe]

FEEIHA SAR F 2 ol sl Abdshs e WERTE (Figure 2).

R EA B B

101

o] Ax= upgo® 0.1 uM2 SNPfmf ]85}

inhibitor®} scavengers ©]-&3to] A3 O FA  doxorubicin} cisplatin®] A EZAFE

Sf

3
=

A
=

o A%l A g5

=

FOI'
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120 4

100 A

80 A

60 A

40

Cell viability (% of control)

20 A

0 0.1 0.5 1 5 10 50 100 500 1000
M

Figure 2. The percentage of viable A375 cells following treatment with sodium nitroprusside

(SNP). Cells were treated with the indicated concentration for 48 h.  Each point is the mean

+ SD of three experiments.
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Doxorubicin StEglAlo]Z A I EAL] dF o7 AU ZE o, et

i)
s
-

W a9 E YERY ™ DNA 971287k 4Felske] topoisomerase 11, DNA/RNA

of
%
folr
[N
(Z
olo
o

N

Jellat= Aol AE7lde=w & vk sFARE doxorubicine-
GPALE AT HAELS dod 4 o, H: =4l doxorubicin
bz g-S 9= INOS ZAdo] WE=A] e sith= Anrh i E T [35, 36, 37,
38, 39, 40]. wW&kA4 NO' inhibitor %! NO° scavengerS doxorubicin®} ¥ &

Aoz Ax o AbstEa @R xdo]l FAAY HEe THANE T

(o]
oX,
hY
e
N
DX
il

AEA Fl3kgl o, 1400W, carboxy-PTIO Hi= SNPE W &-3to] <l
20T % =78kl doxorubicin®] A FEANE Tl FFE FA A= o

WEFSETE (Figure 3).
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120 -
WA375 (p53-WT) DSK mel-28 (p53-MUT)
100 A
80

60 A

40 A

Cell viability (% of control)

20 A

51 B BEN BN sl BB

Untreated control 5 pM doxorubicin 5 pM doxorubicin 5 pM doxorubicin 5 pM doxorubicin
+4 mM 1400W +4 mM 1400W + +4 mM 1400W
0.1 pM SNP pretreated with
200 pM c-PTIO

Figure 3. The percentage of viable human malignant melanoma cells following co-treatment
of doxorubicin with 1400W and/or SNP. A375 and SK mel-28 cells were treated with the

indicated concentration for 24 h.  Each point is the mean T SD of three experiments.
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°] DNA 4179}

hvA
s Y

Al

o}
=

A2 28714

Cisplatin> =

o1 2]

21t} Cisplatin<

def A

AN

s

3

A

4 NO

inhibitor

cisplatinZ} NO

Aoz Ko,

o] -
AN L

3}

scavenger®] 1 g-o]

Srobwgiet.

Cisplatin¥} Z}Z}2] inhibitor, scavenger®] -8 =27} 4314

A7} 7E

9

d

]

= K G TH(Figure 4).
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120 1

BA375 (p53-WT) 0OSK mel-28 (p53-MUT)

100 A
g
=]
c

8 80 4
—
(=]
S

2z 60 A
=
8

> 40 A
@
O]

20 A

0 4

untreated 100 pM 100 pM 100 pM 100 pM 100 pM
control cisplatin cisplatin +4  cisplatin +4 cisplatin + 400 cisplatin + 400
mM 1400W  mM 1400W + pMc-PTIO  pMc-PTIO +
0.1 pM SNP 0.1 uM SNP

Figure 4. The percentage of viable human malignant melanoma cells following co-treatment
of cisplatin with 1400W and/or SNP. A375 and SK mel-28 cells were treated with the

indicated concentration for 24 h.  Each point is the mean T SD of three experiments.
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t}S- 2% NO' inhibitor®s NO° scavenger® =27} EME A|E2 apoptosisS

ik sttt Apoptosis it HEE AFAORE EAet7] flste] DNA

]_

rir

A el

1o

ol

==

flow cytometryE ©]8-3lo] AXEF7] F apoptosis”7} Ao AEZgol sl dsk= sub-

¥ AA p53S AYa e SAF AEe]| 1400Wet

in)

G719 HIEE FA}SH
carboxy-PTIO A 2] Al Z}7} 43.6%%} 31.8%7} sub-G,7]° &3l Aoz YERg oL

H Al zpo]E Holx] 9kgkt}t (Table 3). p53 FAA7F EoAwoldtd

of

MEFANAM = 1400WeL c-PTIO Al & Z}ZF 25.7%%} 34.6%7} sub-G,7]°l arrest
How, BE AEFIAA SNPE HEAl sub-G7I7F FHAskE Zow et
(Table 3). Annexin V/propidium iodide 32 A3} %3+ cell cycle A9} H-AF3HA

apoptosisE =S 2l 4= QlUTh (Table 4). Apoptosis®] A}z A] HXE U

m

DNA”} 180-200 bpe] o]z F# A= 54S ©] 83 DNA Fragmentation 23S

d

Bt A} 2712 flow cytometry A3} o] NOS inhibitor2t NO scavenger = 2] A
DNA @3t A4 oA T7iehs #EE 5 23t (Figures 5).
ol Aol AFw Hol YA ArstA a7l S AFE AEZC] apoptosis A Tolak=

[e] Z. == & I~
e 5% 5 vk
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Table 3. Induction of cell cycle arrest by 1400W and/or carboxy-PTIO in A375 and SK mel-

28 cells
A375 SK mel-28

Vehicle 125 £ 0.11% 140 = 1.79%
1400W 436 = 1.71% 25.7 £ 1.07%
1400W + SNP 29.3 © 1.08% 26.2 = 1.05%
carboxy-PTIO 31.8 £ 2.14% 346 = 1.82%
carboxy-PTIO + SNP 329 * 0.98% 30.5 = 1.53%
1400W pretreated with carboxy-PTIO 42,7 * 1.30% 30.2 = 0.39%
1400W pretreated with carboxy-PTI1O + SNP 31.8 = 2.52% 26.0 £ 1.34%

Results are presented as a percentage of control cell (mean £ SD).
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Table 4. Apoptosis was calculated by Annexin V /propidium iodide staining in A375 and SK

mel-28 cells
A375 SK mel-28

Vehicle 4.7 = 1.00% 8.8 = 0.98%
etoposide 40.2 * 2.45% 30.3 £ 1.41%
1400W 742 T 1.63% 483 * 2.17%
1400W + SNP 54.7 = 0.80% 422 * 291%
carboxy-PTIO 721 * 4.44% 395 © 7.47%
carboxy-PTIO + SNP 70.0 = 2.20% 26.2 = 153%
1400W pretreated with carboxy-PTIO 71.3 = 3.93% 700 £ 1.32%
1400W pretreated with carboxy-PTI1O + SNP 456 = 0.55% 63.7 £ 4.06%

Results are presented as a percentage of control cell (mean = SD).
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A375 (53-WT) SK mel-28 (p53-MUT)

1400W - + - - B +
¢-PTIO - - + - - R +
1400W pretreated with c-PTIO - - - + - - - +

Figure 5. DNA fragmentation by 1400W and/or carboxy-PTIO in A375 and SK mel-28 cells.
The cells were treated with 4 mM 1400W and/or 400 uM carboxy-PTIO for 72 h, DNA
extracted and separated by agarose gel electrophoresis. Lane 1, Untreated control; lanes 2 and
3, cells treated with 4 mM 1400W and 400 uM c-PTIO, respectively; lane 4, cells treated with 4

mM 1400W pretreated with 200 uM carboxy-PTIO for 24 h.
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o]AFo]l ol A}l A iNOS specific inhibitorel 1400W<2} NO™ scavenger?! carboxy-

[e]

rir

PTIOE o5 & WE Al SAF Ax F24& oAStaL apoptosis -2kt
A3NE FAT = Qlof, ol thst AAArE 71 = flE 1400Wel carboxy-
PTIOE &= v HE&

NO™ inhibitor2} NO® scavenger®] 2|7} WA Atsta A Ao QJ3s
n) 2] =4 FR18k7] 9ste] NO' =S 5743 A3, 4 mM 1400W, 400 uM carboxy-
PTIO® + =49 W& A Aspda Ao dA4s] dags 49T Ao
(Figure 6). @3 4 mM 1400W, 400 uM carboxy-PTIO ©5 A& A9} F 542 W¥E
Al Akt & A FEH INOS mRNA o] fHadts ARE HSE, olE

Baro] Uy ALt ST AL 4AAE AT A BHHoR

- - -

o

2 = U (Figure 6).
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14 4

WA375 (p53-WT) OSK mel-28 (p53-MUT)
12

B-actin

[N
o

<)

Nitrite (pmoles/108 cells)

untreated 4 mM 1400W 400 pM c- 4 mM 1400W
control PTIO pretreated with
200 pM ¢-PTIO

for 24 h

Figure 6. Cellular nitrite level and iINOS mRNA expression by 4 mM of 1400W or 400 uM of
carboxy-PTIO alone, or combination (4 mM of 1400W pre-incubated with 200 uM of carboxy-

PTIO for 24 h) treated for 72 h in A375 and SK mel-28 cells. Results are presented as a
percentage of control cells (mean *= SD, n=3). Lane 1, Untreated control; lanes 2 and 3, cells

treated with 4 mM 1400W and 400 uM c-PTIO, respectively; lane 4, cells treated with 4 mM

1400W pretreated with 200 uM carboxy-PTIO for 24 h.
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A ZAA S Adho] 9l AxEu Al 7t s AEE AAS oF 2
A7 E e tfg wojdds drh [41]. AEZAAANE 2Ede T2 AAE F
inhibitor of apoptosis family (IAP) f+d%x}2] T 9 7|5 7l AEY &Y=
S7HA171a,  EekAlel st Ads F7RAZITE [42]. WhHel 1AP {3719

BAgaE ole] Aol o@ AEAALY 745 fEdh

il

f

7% ps3 FAAE 7HAL e SHFE AE(A3T5)A 1400WSt carboxy-PTIO
g Es 8 A AEARANE AAlEE survivindl clAP-19] 3R EFo]

AR o, XIAPS] 79 1400W wEA g A 1 W Eko] 7HAEE o ¢-PTIO

s e W8 Al BEE WstE Holx] fgtth A4 ps3 FAAE AL Q1A
= SAE AE(SK mel-28) JAl FAFsE AytE Hof, URIA Ak A7 SAF
M3 9] apoptosis el FTFS v X = A2 e TH(Figure 7).
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A375 (p53-WT) SK mel-28 (p53-MUT)

1400W
c-PTIO
1400W pretreated with c-PTIO

Survivin (447 bp)

XIAP (819 bp)

CIAP-1 (551 bp)

+
o+
+
+
+
+

B-actin (250 bp)

Figure 7. Expression of survivin, XIAP and clAP-1 mRNA in A375 and SK mel-28 cells after
treatment with 4 mM of 1400W or 400 uM of carboxy-PTIO alone, or combination (4 mM of
1400W pre-incubated with 200 uM of carboxy-PTIO for 24 h) treated for 72 h. Semi-
quantitative PCR was performed using primer specific to survivin, XIAP and clAP-1 or B-actin

control on 1 ug total RNA prepared from treated cells.
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mg/100 g¥} 28,272 mg/100 gOo.& 7} Eotom, wlsyt A 5(Groups 3-8)2 F
Zo|vE oeFo] 22,792-28,272 mg/100 g W2 A% 3HGroup 13 Group 2)9}
Hlaste] oF 2-3.58) Ekth(Figure 8A). o] AWEZFE g F shFHAE
A g vsaels Ayl nls dakst A8 ok e dhghEol
t gol grEe lae & 7 Uk

T Edd= A Al Group 10(25EH S F EEtEolE dRFo]l JHE
¥ 9k 21 (13,247 mg/100 @), Group 3(5-%1xAY, 7€), Group 5 =2, 74), Group
(Feke, 79) visdel A3 A9 (Group 1) FoR o] HE Zow
UElkChFigure 8B). Al71Z o ®  mol 1x4(7€) Falel FHohy #Hrl®
Ul akzh 22K8E) il e e visy Ry e FEtRolE dRa

7FA AL e Ao 2 UEFRE TR (Figure 8B).

41



>

50000 -

40000 A

30000 A

20000 A

10000 A

Total phenolic contents (mg/100 g)

A\ Vv
QQQ QQQ
< I
15000 A
=)
o
o
S
=2 12000 A
E
i)
c
3
= 9000 -
o
o
o
2
o 6000 A
>
3
=
5
3
2 3000 -
0
Q\
> >
& &

Figure 8. Total phenol (A) and flavonoid (B) contents of citrus wastes.

SD of three separated experiments.
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Aaw 7122 DPPH #87] 2A8AE Group (== v5y, 7€ F3)o]
7b3 wekow, Group 10(Wlo]eolghE A FeiE)e] JpE e E4E
H.9I tH(Figure 9A). T3+ <3t 3] (Group 1)¢F & (Group 2)E.t} v < IH(Groups
3-8)7} DPPH &7 5°] ol 2 o= YEFRLTHFigure 9A).

Superoxide Z}C]Z 2AEAS DPPH 2AEA Aol HISzd S Hony

o

AR o ® wm&y AlFTE2 superoxide 2171 &Aool A5 2S5 (Group
2)°]1} Group 10(HFo] R o &k Ak ZrolE)R T 52 S5 E S tH(Figure 9B).

Hydorogen peroxide (H,0,) 271342 Group 9(251H) 3} Group 8(F =%, 89)0]
7h =Skom, Group 10(Hlo]llelghE ABAE Fofm)o] b W @S Rl
(Figure 9C). T3+ A< 312 313 (Group 1)9F #H2-(Group 2) X.th 7] < 35 (Groups 3-8) 2
H,0, 271%5°] wojt 71 o2 vpeElykth(Figure 9C).

& radical s AAEAE At & nitric oxide AAZEE A5
73] (Group 1)2F #5(Group 2)°] 7HE =2 &dE YERW OH, Group 6 (T FA,

8g)e &Ado] 7H w1 o % ERRITH(Figure 9D).
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Figure 9. DPPH (A), superoxide (B), hydrogen peroxide (C) and nitric oxide (D) scavenging

activities of citrus wastes. All values are the means = SD of triplicate determinations.
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A= ¥ t(Figure 11).
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Figure 10. Cell viability in A375 and SK mel-28 cells 24 h after citrus wastes treatment, as
determined by trypan blue exclusion assay. Data represent the mean of triplicate experiments.

Standard deviation were less than 15%.
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Figure 11. Cell viability in A375 and SK mel-100 cells 24 h after citrus wastes treatment, as

determined by trypan blue exclusion assay. Data represent the mean of triplicate experiments.

Standard deviation were less than 15%.
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Figure 12. Growth inhibition after treatment with citrus wastes in A375 and SK mel-28
cells. Cells were treated with 200 pg/mL of citrus wastes for 24-72 h.  The growth inhibition
was measured by trypan blue exclusion assay. Data represent the mean of triplicate

experiments. Standard deviation were less than 15%.
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Figure 13. Growth inhibition after treatment with citrus waste in A375 and SK mel-100
cells. Cells were treated with 200 pg/mL of citrus wastes for 24-72 h.  The growth inhibition
was measured by trypan blue assay. Data represent the mean of triplicate experiments.

Standard deviation were less than 15%.
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Table 5. Cell cycle analysis of A375 and SK mel-28 cells by flow cytometry

A375 SK mel-28
Vehicle 41 T 0.23% 3.9 0.23%
Group 1 54 = 0.67% 57 £ 0.06%
Group 2 58 = 0.70% 57 £ 0.05%
Group 3 6.3 £ 0.33% 5.8 0.28%
Group 4 6.1 = 0.05% 5.7 0.14%
Group 5 10.7 £ 0.24% 7.6 = 0.48%

Results are presented as a percentage of control cell (mean = SD).
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Figure 14. Induction of DNA fragmentation by citrus wastes in A375 and SK mel-28 cells.

DNA extracted and separated by agarose gel electrophoresis.
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Table 6. Apoptosis was calculated by flow cytometry analysis in A375 and SK mel-28 cells

A375 SK mel-28
Vehicle 116 = 0.77% 18.4 = 2.54%
Group 1 24.9 £ 20.28% 182 £ 1.56%
Group 2 326 = 0.84% 16.5 £ 0.93%
Group 3 327 £ 3.2T% 158 £ 0.81%
Group 4 359 £ 6.21% 125 *= 0.44%
Group 5 49.3 T 3.36% 226 £ 1.34%

Results are presented as a percentage of control cell (mean = SD).
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Table 7. Cell cycle analysis of A375 and SK mel-100 cells by flow cytometry

A375 SK mel-100
Vehicle 41 T 0.23% 1.8 £ 0.41%
Group 1 54 = 0.67% 39 £ 0.12%
Group 2 58 = 0.70% 6.1 = 0.81%
Group 3 6.3 £ 0.33% 6.0 = 0.09%
Group 4 6.1 = 0.05% 6.8 £ 0.30%
Group 5 10.7 £ 0.24% 6.5 = 0.16%

Results are presented as a percentage of control cell (mean = SD).
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Figure 15. Induction of DNA fragmentation by citrus wastes in A375 and SK mel-100 cells.

DNA extracted and separated by agarose gel electrophoresis.
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Table 8. Apoptosis was calculated by flow cytometry analysis in A375 and SK mel-100 cells
A375 SK mel-100
Vehicle 116 = 0.77% 11.8 = 1.34%
Group 1 24.9 £ 20.28% 20.4 £ 0.66%
Group 2 326 £ 0.84% 249 * 4.25%
Group 3 327 £ 3.2T% 22.4 £ 3.19%
Group 4 359 T 6.21% 31.3 £ 1.39%
Group 5 49.3 T 3.36% 315 £ 2.72%

Results are presented as a percentage of control cell (mean = SD).
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Figure 16. Cellular nitrite level by citrus wastes treated for 48 h in A375 and SK mel-28 cells

(A). NOS mRNA expressions by citrus wastes treated for 48 h in A375 and SK mel-28 cells

(B). Results are presented as a percentage of control cells (mean £ SD, n=3).
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Figure 17. Cellular nitrite level by citrus wastes treated for 48 h in A375 and SK mel-100

cells (A). NOS mRNA expressions by citrus wastes treated for 48 h in A375 and SK mel-100

cells (B). Results are presented as a percentage of control cells (mean £ SD, n=3).
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Figure 18. Effect of citrus waste or SNP in human malignant melanoma cells. The data are

presented as mean T SD of three separated experiments.
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Figure 19. Effect of citrus waste or SNP in human malignant melanoma cells. The data are

presented as mean T SD of three separated experiments.
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Figure 20. Expression of DR4 in human malignant melanoma cells after treated with citrus
juice processing waste or SNP (A). Citrus juice processing waste or SNP-induced intrinsic
pathway-dependent apoptotic cell death (B). Effect of citrus juice processing waste or SNP on
degradation of apoptotic molecules (PARP and procaspase-9) (C). p-actin was used as an

internal control.
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Figure 21. Effect of citrus juice processing waste

PARP in human malignant melanoma cells (A).

juice processing waste or SNP treatment in human malignant melanoma cells (B).

used as an internal control.
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Table 9. Activation of caspase-3 by citrus juice processing waste or SNP in human malignant

melanoma cells

A375 SK mel-28
Vehicle 100 100
50 s g/mL 131.02 = 8.239 100.7 = 0.97
100 zg/mL 154.05 = 22.456 105.1 * 6.32
200 . g/mL 264.4 * 0.69 1473 * 6.77
500 s« M SNP 559.9 + 3.86 146.5 = 19.51

Results are presented as a percentage of control cell (mean £ SD).
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Table 10. Activation of caspase-3 by citrus juice processing waste or SNP in human

malignant melanoma cells

A375 SK mel-100
Vehicle 100 100
50 s g/mL 131.02 = 8.239 131.2 += 3.00
100 zg/mL 154.05 = 22.456 141.7 * 17.89
200 g g/mL 264.4 * 0.69 2285 T 4.33
500 s« M SNP 559.9 + 3.86 386.6 = 1.601

Results are presented as a percentage of control cell (mean £ SD).
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Figure 22. Effect of citrus juice processing waste and SNP on melanin content in human

malignant melanoma cells. Each point is the mean = SD of three experiments ; *p<0.05, as

compared with vehicle.
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Figure 23. Cell viability was determined by trypan blue exclusion assay after 6 h treatment
with o-toluidine, m-toluidine, 2-ethylaniline and 3-ethylaniline in chinese hamster ovary AS52
cells in the absence (A) and presence (B) of human S9. Values are given as means + SD of

three independent experiments
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hypoxanthine phosphoribosyltransferase (gpt) %A ZAWo] HIEE ZH43F3A)
dZdotdd A A7 e = gpt A Hol9dE 0-1,000 pMe] 5 E7HA]

AMERE W, =AWl WANILTL FRoEA R FUFeal, #HalE (1000
uM)ol A o-toluidine (27.3 X 10°)3} 2-ethylaniline (29.3 X 10°)°] m-toluidine (21.4 X

10®°)3} 3-ethylaniline (21.9 x 10°)°] H]3] A e ti(Table 11).
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Table 11.

2-ethylaniline and 3-ethylaniline in the presence of human S9.

Mutation frequency of AS52 cells by after treatment with o-toluidine, m-toluidine,

o-toluidine m-toluidine 2-ethylaniline 3-ethylaniline

MM (x 107) (x 107) (x 107) (x 107)

0 6.2+ 0.45 6.2+ 0.32 6.2+ 0.45 6.2+ 0.32
25 6.6 £ 0.86 6.2+ 1.03 10.0+ 0.45 6.5+ 0.69
50 9.3+1.20 8.4+0.58 14.3+0.42 8.5+ 0.65
100 12.0+1.30 9.0+0.82 16.9+ 0.04 9.2+ 0.78
250 16.1+1.79 12.1+£0.70 18.8+1.42 13.5+0.35
500 19.8+1.34 14.6 £ 0.33 24.2 £ 0.57 14.7 + 0.65
1,000 27.3+1.66 21.4+0.94 29.3+£0.20 21.9+0.37

Values are given as means = SD of three independent experiments.
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Figure 24. Nitrite production of AS52 cells after treatment with with o-toluidine, m-toluidine,
2-ethylaniline and 3-ethylaniline in the presence of human S9. Nitrite in the medium was

determined by the griess assay. Values are given as means + SD of three independent

experiments.
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Figure 25. Cells were treated with either immature citrus extracts alone or in combination
with 1,000 uM of m-toluidine and 3-ethylaniline. Cell viability was determined by trypan blue

exclusion assay after 6 h in the presence of human S9. Values are given as means = SD of

three independent experiments.
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Table 12¢] YR wiel o] FhaE#| 7= A2l Al SAopdde] & /%% gpt
FAA ZdWo] WLyl s oFEFow ZHA3dte] 400 mg/mLelA m-toluidine©]

12.4 X 10°, 3-ethylaniline®] 14.0 x 10° & yE}ytT},
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Table 12. Mutation frequency of AS52 cells by after treatment with immature citrus extracts

and/or m-toluidine and 3-ethylaniline in the presence of human S9.

mg/mL m-toluidine(x 107) 3-ethylaniline(x 10™)
0 6.3+ 0.54 6.3+ 0.56
50 20.3 £ 0.56 21.1£0.89
100 17.4+0.19 19.0 £ 0.26
200 159+ 0.47 16.9 £ 0.87
400 12.4+£0.78 140+ 1.40

Values are given as means + SD of three independent experiments.
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Figure 26. Nitrite production of AS52 cells after treatment immature citrus extracts and/or m-
toluidine and 3-ethylaniline in the presence of human S9. Nitrite in the medium was
determined by the Griess assay. Values are given as means = SD of three independent

experiments.
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