DR R SNl
FIERFL IS BASFIETEMALE

PR 106 # 5% 24 p

gl
2 = EEA L in T
gk
E fRE X ~Mag s RE- MY ¥R 3% R
¥z % SSTE R RN T L
,4 B 47,7%?
- F R FhE B
E * =+ 4 -

»
»

Ji
R
Jak
,T{N‘:
Jeskt
Ky
{i-

- F 3 & FH A
E A F 5 B e
= 7 9% e IE g

-z iy & g
L 1§ = 4 X g
=5 3 ? BN ‘é:’l ¥ «].éi =




3 5k

»
»

T

»
N

AR

I

»
N

Ji

AR

>
A

AR\

ek %
B R
e
=

»
o

AR

-l
_\_‘\
=t
e

»
o

AR

i
il
Tl

»
o

AR

Ry
E‘
?"’

»
o

I

T

=
<

H\
ug

»
o

Ji

e

SP
vt

-~

Ct
£
v




SRR R Y
1HhES 4



Tunicamycin#v 38 Oxaliplatinig ¥ A g A 3 & w52 DLD-1 4w 52
R
Cheng-Hsiu Hsieh(z##z 12 ), Ching-Hsein Chen(fs & F,)

Department of Microbiology, Immunology and Biopharmaceuticals, College of Science, National Chiayi University, Chiayi, Taiwan

A b St r aCt A oo B +20uM SB203580

Department of Miec: robiolo ogy, Immunology and Biopharma tl als

p
LB i S I s ""% B A LIV B 50 0 Rk VR ELH DR Y L2 3 A w o T 0S i Tunicamycin (uM) - 05 1 - 05 |

FIRA . G AR DR IT NI REP P FIL P RIRE K EEER Pp-p38 | e m— | B kDa Oxaliplatin 25uM) - + + - + +

o fE 57%713?'] T’Ff'a e BT T ARk o RV M E G 5 1 074 137 17

BlIE chid @ % > ¥ {24 *"rs A ehuld B RE o Tunicamycin (Tuni) % 4ak ;?]fa’ . e paRp-q| Ui length | (S D QD e @ @ | (16 kDa

Az A 2 €3 Ry AT FRPMTRRA DA 2 P -TT;TZ: ° cleavage GBES ~= - | 89kDa

Pz 4_w &~ o Oxaliplatin (Oxa) = #rd|platinumz fig 24 » ¥ j5d [E%7'm b — ' |65 3749 183 1641 1404

DNAGE & fof 4% - & M ERpmiecsy = Bmeirhiady > Aipr + F 880 GAPDH | <SS (37 kDa

o ) . ' . . GAPDH 37 kDa
gt > Lk kARG e AF Y P kR Kk &R Tunicamycin £ e

Oxaliplatin & & /5% * % w2 $3kDLD-1 > L2 %5 & 35 @ % 50 F 4v9p wbe k- Figure 3. Combination treatment with Tuni and Oxa induced cell apoptosis through p38 MAPK
Tr > AP HAHT BE o FHE L IUMTTR =& Oxaliplating pathway. (A) E)fpression Ieve_ls of p-_p38, P38 protein was analyzed by Western blotting after
Tunicamycin¥t < % J& ¢ $ DLD- 1m“m 2 4 14 > - 4] * TUNEL Assayp Oxa and/or Tuni treatment with 1 minute. (B) Expression levels of PARP-1 cleavage treated
mie = a5 2 Western blotdg i) 7 i ie ;%4‘ 4By TARE > s with Oxa and Tuni for 48 hours in the presence of p38 inhibitor (SB203580) ,
R o L ST E A B %*(ROS)m gt o 5T > FDLD-1lwmwlg A B
TunlcamyCIani?Oxallplatln% ;}7’ * e e de -—-"9 > dwfzend & ’)ﬁ i F? Q%E mﬁpﬁ:lj 'h:'i;;]? - 6h  ntreated _ oxaliplatin25uM  _ tunicamycin 0.54M _ 0xa25uM + tuni 0.5uM
K—'& %:%?j}‘;” "'é, T‘Q’ S g J‘I“: éé“ T&:{E :ég] Hé’ ;% #B Fﬁ_'ei'. %\9 PARP-].‘/‘—‘,E’ }4’ f\'J ﬁ; ’ "r',» i‘[‘g J"E ‘lm Né? DNA ;_ 105.54 + 3.8 Z_ 93.95 + 15.1 ;_ 125.02+ 02 g_ 145.22 + 16.1 O T ***l g4h:ouurr
’ /2 N2 - . N2 2 N . 1/ Iy = 3' | Q 250 | T
- )7}1] mﬁc’.}i » Em fgk o™~ m P@ /%‘ = 9 = JJLH- ‘/E'J © £ % 3}7” 7\1’\73% d 4y 53 ‘3; EE:' m Fe ¥ ] f o, N § " §
= Mg = e t&ﬁ%ﬁx J& #a/EJTunlcamycm'—ff Oxaliplatin & & ™ # ¢ &_ é N IS S— L i AT |—.
i g < N - 7l B2 25 2 24h g g g 8 150 |- M* T
37 ﬁ,} A p53 B&X/BC' 7] E3 p38 MAPK}W ’Fﬁz\ I o 1R e dp fm P n ROSé_ E 8 iwies] siess | e Saat0z] 891110 és e
4P Vi R mi S o 3| . . . T
9 F,}"'""LR o] kl|"" L‘n_hl 3 K M“'"“n._l 2] W, O 50 |
IVI at e r i al S a n d I\/I e t h O d S °fu _ 1;_1 L N S M- . - A r,~.-‘:"..,1"62 : ..‘:?;?63 e A _15.1._.....,,_,\.-«-*162 ‘103 ) - | ” “
DCF fluorescence un oxa tuni  oxa+tuni
Cell viability _ o _ _
C Figure 4. Combination treatment with Tuni and
Tunicamycin Cell'apoptosis N F2mMRAC Oxa induced cell apoptosis through increasing
S | B 0.5 - i .
assay SRR ! ! the production of reactive oxygen species
T Oxaliplatin 25uM) - + + 4+ + (ROS). (A, B) Intracellular ROS level was
Uﬁva”J ‘ Jf”“”g full length | S~ 1 ~ liexpa  detected using DCFH-DA assay by flow
: : analysis PARP-1 . .
Oxaliplatin — e o o | gorpa  CYOMeELry after Oxa and/or Tuni treatment with
v ROC 6 h and 12 h. (C) Expression levels of PARP-1
Intracellular ROS I 4056 5122 30.07 29.93

cleavage treated with Oxa and Tuni for 48

SIS 2a20)s GAPDH | WEBEmmammammes= |72 hours in the presence of ROS scavenger
Results (N-Acetyl-cysteine, NAC). *, p<0.05 ; **
p<0.01 and ***, p<0.001.
A ¢ Lot B Tunicamycin
. Oxaliplatin 20 Y A B
00| 100 Tunicamycin (M) -~ - - 05 1 05 1
Oxaliplatin (25uM) - + - - + + 160

[
o

80 I

B
o

P53 | e S - e @I amm | 53 kDa
1 1.1 0.81 0.66 1.65 1.16

60 -

—
N
(=]

D
o

40 F

—
o
o

GAPDH | ool Gee SGeup G GEND G | 37 D2

Cell viability ratio of untreated
Cell viability ratio of untreated

@\
—
Q
aa
T~
<
20 20 cd
m 80
0 0 Bax e D w—— — — | 273 kDa q-‘so-
oo 30 100200 0 0:> : 3 ’ 18 1 538 277 375 477 438 °
Concentration (uM) Concentration (uM) S : 8 4of
C GAPDH | e ey e e e e | 37 kDa S 20}
E 120 % sk 5k m
3 0 ' — : : )
g Figure 1. Effect of Tuni and Oxa treatment Bel-2 | e a— 28 kDa un 0%t
4 4 = oy *L* 'th 48 h - DLD 1 II - b'l't b ] 0.9 0.79 0.21 0.05 0.03 25 d 5=1. (I'I'M)
S : Wi ours in -1 cell viability by  250M oxa
8 © kak o HE MTT assay.(A) Oxa 12.5, 25, 50, 100, 200 GAPDH | e ey e e e | 37 kDa
;_E‘ 0 uM. (B) Tuni 0.5, 1, 3, 9, 18 uM. (C)
£ » Combination of Tuni 0.5, 1 pM and Oxa 25 Figure 5. Combination treatment with Tuni and Oxa increases p53 and Bax/Bcl-2 ratio in DLD-1
Chy = L » uM. ***p<0.001 cell. (A) Expression levels of p53, Bax and Bcl-2 was analyzed by Western blotting ( Bax and
un . 1 . 1  Tunicamycin(pM
25 iM oxaliplatin o Bcl-2 were treated with Oxa and/or Tuni after 48 hours ; p53 treated with 24 hours). (B) The
A B ratio of Bax/Bcl-2 is represented by columngraph.
. untreated tunicamycin 0.5 uM tunicamycin 1 uM
TcamycinG) - - 05 1 05 Conclusion @
ﬁé ? _i A 5 _i- Oxaliplatin 25pM) - + = - + +
S O;_ 215514 % O;? 14.08 +6.4 9 O;_ 1963253 % 2 s gy o S\ o 2 i S l
S B R e N e full length | (S e (D (D GO @B | 116 :0: S N A 2y » FUf R IR Tunicamycin £
FT . oxaliplatin 25 uM | oxa25 uMituni 0.5 uM oxa 25 uM+tuni 1 pM cleavage e S G & | 89 kDa Oxaliplatin ';’TJ ,;} 7}3_ -ﬁ»:.J- J?% }%'DLD'].“HV Ne »)‘3 i _Qg_ pS3 ‘,'
E m; m; I I 716 2695 3196 3957 495 a3t %k o ‘3;‘_‘97 CESV el ’}"/T & > {FE[- /E'J é\' A /\;/,%‘ \1“"'*‘ ii?iw
| o | GAPDH | s e enmw enew @ @ | 371Da R {%’ﬁ d 4vig oh Fime /%” M ig e ;Lﬁ 2L R
i F"”"":;"'éoo1+12/ T .7612+178/ 1 2 ﬁé & H e AT i lw p? A R R Raxbdlle
‘_0. 200 400 600 800 1000‘_0” 200 400 600 aoo 1000 "0 200 400 soo 800 1000 p53/BaX/BCI 2 p38 MAPK" '\) ]ﬂ &é/i ) ‘I‘}‘ ﬁ ’{:t \.-.mwww_ww-”;wﬁ
DNA contect 53 é_ i fm e ]3\ ROSe ;T‘ A %—-3& o k7 b ""'Li‘ii; ? \ PARP-lcleavage I
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Synthesis and photocytotoxicity of novel 9-/13-lipophilic substituted
berberine derivatives as potential anticancer agents

INTRODUCTION

Berberine Is a quaternary ammonium salt from the protoberberine group of
It has a wide

Isoquinoline alkaloids.

pharmacological effects. The aim of this study was to synthesize lipophilic
O-/13-substituted berberine derivatives and evaluate the photocytotoxic
activity against human colon cancer cell lines using MTT assay In vitro. In
this report, our results revealed that the longer lipophilic substituents can
Increase both the cellular uptake and the inhibition of cell growth on two
human colon cancer cell lines. These results suggested that the presence of
lipophilic substituents with moderate sizes might be crucial for the optimal
anticancer activity. In conclusion, it is confirmed berberine derivatives at 9-
/13-position bearing long chain n-alkyl group as anti-cancer agents and also
as potential adjuvant of photocytotoxic or chemotherapeutic drugs. The
present work can be the evidence that berberine derivatives have potent anti-

cancer activities against human colon cancer cells.

Phellodendron amurense

Reagents and conditions: (a) 190°C, 20-30 mmHg, 30-60 min; (b) n-alkyl bromide, K,CO3;, CH3CN, reflux, 16-24 h; (c)
NaBH,, K,CO5;, MeOH, 0°C, 2 h; (d) MCPBA, CH,ClI,, -20 ~ -30°C, 2 h; then Na,SOg3, rt, 1 h; (e) n-alkyl bromide, Nal,

EtsN, MeOH, reflux, 16-24 h.

RESULTS

Table 1. 1C, values and lipophilicity of berberine and its derivatives on the
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MATERIALS AND METHODS

Scheme 1: Synthesis of 9-/13-substituted berberine derivatives.
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Figure 1. HPLC analysis of compounds (A) 1 and 5a-5e and (B) 1 and 6a—6e.
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Figure 2. Dark and photocytotoxicity of (A) SW480 and (B) DLD-1 treated with compounds 1 and 6e after
irradiation (420 nm, 5.6 mW/cm?, 10 min).

Table 2. 1C, values of compounds 1 and 6e on DLD-1 cells in the dark and after irradiation for 24 h
1Cep (UM)
Compd SW480 DLD-1
Dark Light PIF (Dark/Light) Dark Light PIF (Dark/Light)
1 > 40 > 40 1 > 40 > 40 1
6e > 1 0.11+0.01 > 9.09 247+0.74  0.18+0.05 15.30

Control 1
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Figure 3. Cell morphological changes of DLD-1 cells treated with compounds 1 (40 uM) and
6e (0.25 uM) for 24 h.
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e:R= -(CH2)11CH3
f:R= -(CH2)13CH3
g: R =-(CH3)15CH3

a: R = -(CH,)3CHs
b: R = -(CH,)sCHs
c: R = -(CH,),CHs
dR-= CH2)9CH3

h: R = -(CH2)17CH3

growth of two human colon cancer cell lines for 24 h

Figure 4. Cell morphological changes of DLD-1 cells exposure without (control) or with 1 (5 uM) and 6e
(0.5 uM) in the dark and after irradiation (420 nm, 5.6 mW/cm?, 10 min ) for 24 h.

0\ Control 1 6e 1 Control 1 6i
IC.. (M) :e§ 346% | 8.13% :9? 460% [ 633% :e T00% | 8.07% n; 99.39 | 11373 | ] 107.66
Compd R clogP SW480 DLD-1 S S ST " : .
3 I o 5% XY Dark g g =i Dark
1 9-O-methyl -0.77 8.22 + 4.50 > 40 g - i - i
5a 9-O-butyl 0.82 1.14 +0.61 4.51 +1.07 =| = o L42%) 2| e
5b 9-O-hexyl 1.87 1.731£0.56 4.53 + 1.40 2E0% | L1 3 z e : : 575
5¢ 9-0O-octyl 2.93 0.39 £ 0.06 0.38 + 0.04 | Light | & 2 -
= A = g = g 1g
5d 9-O-decyl 3.99 0.3140.09 0.28 + 0.07 g 23 - o]
be 9-O-dodecyl 5.05 0.16 £ 0.05 0.13£0.02 K k 'y W e T S
5f 9-O-tetradecyl 6.11 0.27 +0.13 0.20 + 0.02 Annexin ¥ - FITC DCF fluorescence
59 9-O-cetyl 7.16 0.37£0.15 0.22£0.03 ;'gltjrrezt?r'lemev\ﬁ;rlcelntége cl\);)agﬁgtogéc (c(:)el5l Cfll\f;llr)lggg Figure 6. The effects of DLD-1 treated with 1 (5 uM)
5h 9-O-octadecyl 8.22 2,08+ 0.62 0.62 +0.09 DyLD 1 cells for 24 h afteruirradiation s and 6e (0.5 uM) for 24 h after irradiation on percentage
- 13-0-butyl - 25 30 4 1.8 - ' distribution of ROS by DCFH-DA staining.
b poheyt 200 assoo  2szors  CONCLUSIONS
A 13-0-0ctyl 307 261+ 033 124 4020 The mtrodl:jctlr(])n ?f Ionhglchaln nf—al;kyg groupds at the 9-/13-p03|t|o|n ofdbebrberlne was Lo evra]lluated anticancer
activity and the lipophilicity of berberine derivatives was analyze HPLC. The photocytotoxic test
6d 13-O-decyl 4.12 0.77 +0.32 0.70%0.35 Y POp 4 . > analyzed Dy v X y .
confirmed that compounds 1 and 6e increased the cytotoxicity after irradiation. Vacuoles appeared in the
-0)- + - - .- -
o¢ 13-O-dodecy! >18 UESiaal 0.63%0.35 cytoplasm after treated with compound 6e and the number of cells decreased after irradiation showed in the
of 13-O-tetradecyl 6.24 0.67+0.38 0.81£0.11 image and apoptosis analysis proved compound 6e induce cell apoptosis after irradiation. We found that 6e
69 13-O-cetyl 7.30 0.74 +0.13 0.8410.16 Increased the content of ROS generation in the DLD-1 cells after visible light irradiation. In the present
6h 13-O-octadecyl 3.36 1.53 + 0.14 1.82 +0.08 study, the berberine derivatives can to be developed as newly photocytotoxic anticancer agents.
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