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Study of inhibitory effect of sweet orange
(Citrus sinensis) peel on oxidative damage
of liver and their antihepatoma activity was
investigated. According to HPLC/DAD and
HPLC/MS/MS analysis, hesperidin (HD),
hesperetin  (HT), nobiletin (NT), and
tangeretin (TT) were present in water
extracts of sweet orange peel (WESP). The
cytotoxic effect in 0.2 mM t-BHP-induced
HepG2 cells was inhibited by WESP and
their bioactive compounds. These prorective
effects may be associated with positive
regulation of GSH levels, antioxidant
enzymes, decreased in ROS formation and
TBARS generation, increased in the
mitochondria membrane potential
Bcl-2/Bax ratio, as well as decreased in
caspase-3 activation. Oral administration of
WESP to rats at 10 and 100 mg/kg bw for 28
consecutive days before a single dose of
CCl; (0.5 ml/kg bw) demonstrated a
significant protective effect by lowering the
levels of AST and ALT, and by improving
the histological architecture of the rat liver.
WESP attenuated oxidative stress by
increasing the content of hepatic glutathione
(GSH), which results in a reduction in the
levels of TBARS, and by a dramatic
increase in the activities of SOD and GPx.
WESP induced CYP2E1 activity, which

and



suggests that WESP may be a substrate of
CYP2EL. Ethy acetate extracts of sweet
orange peel (EESP) demonstrated marked
antiproliferation and cytotoxic activities
toward HepG2 cells. The apoptosis induced
by EESP was associated with the attenuation
of mitochondria membrane potential,
induction of caspase-3 activitation, and
increased in Bax/Bcl-2 ratio. In addition,
EESP treatment induced an apoptotic
response in HepG2 cells. Moreover, EESP
induced ROS generation, which may in part
account for apoptosis of HepG2 cells. EESP
(25 mg/kg bw) inhibited tumor growth in
vivo. Taken together, the results of the
project showed sweet orange peel
demonstrated not only hepatoprotection but
also inhibition of liver cancer growth in
vitro and in vivo.

Keywords: sweet orange (Citrus
sinensis ) peel, hepatoprotection,
antihepatoma activity
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Trypsin-EDTA F & » *» Mr‘ wme > L o#R
LI g g p 1000 rpm > 5 A sE AR
N "f F R % 4% F 4o~ 100ul 2o Assay
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0.4 % TBA (i3 **0.2 N HCI) » -ki#50
C > 4410 P> 40~ 400 pl Isobutanoli®
3 {5 > 3500 rpm #.w104 48 0 P~200ul
P RFREF I R U F KL KR
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# * Bio-RAD MiniProtean ;& ;% & /% %
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K)o B F e r Z mFAE(R TPBSTY ) 3t
FRTREF KL PEE R UPBST B
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1. & % % : control + olive oil

2. ¥R e 1 50% CCls(2 ml/ kg bw)

3. & ¥ ® :silymarin (0.2 g/ kg bw)

+50%CCla (2 ml/ kgbw)

4.HD 0.1 mg/kg+50%CCl4 (2 ml/ kg bw)
5WESP i« #| & : 1 mg/kgbw + 50%CCla
(2ml/ kg bw)

: 10 mg/kgbw + 50%CCla
(2ml/ kg bw)

: 100 mg/kgbw + 50%CCl4
(2 ml/ kg bw)
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8.WESP % #| & : 100 mg/kgbw + olive oil
ERR A R AN Sl
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SOD -~ CAT ~ GPx% o ¥ [ & 2k “7P] T_o

2~ FgEd TBARSH %
1. WESP:o % i 2 L &
B3+ 0.5 g*c ~ 5 ml Homogene
buffer (1.5 % KCI,1 mM EDTA,10 mM
KH2PO4,pH7.4) » 11305 3575 1 »
1210000 rpmag~ 104 48 > F ik T 4
HJ—F;?{}:;:’F?’;‘]’}; °
i = fg(malondialdehyde, MDA) z *3 &
FlAA s m A F e T
LI F CRF R, gAY LA
MDA st pFipl = MDA 4 = & 7 K pt 11 %2
RECARR oA B MR EANITCTE
& 30 » 418 0 4er BHAGHER 5 1
mM) B PR R ke TCA - TBA R
v BBt R &% kP F 10 min o

.:zf * A Sk Sk R 246 0B 532 nm s sk fE o
(298 SNT) \_}rgé\, 3 it \_}E;:ﬁ- o
=~ _P;T‘E*? SEL

gi«gk?ﬁ (T oo [T A
E‘H H:%;#i CFRERER L (8 BOTRD
AL E - 23 3120
oo 10%en7 AR S R k- &
SELRA S o H AT FFRRR E 2-80°C e
BORTET A R I RIRIARE TR S
Moo L7 ﬁ%&ﬁ_u—;}g fj;: P 3 Fim e R
EIRILERVZE Y e AR . AL R )
g “ﬁ% 7 OM-F e L Hematoxylin & Eosin
stain 2. ¢k > B R R R 2 VR B g
7% 4 ¢ (Reticulin silver stain & Masson
stain), ™ @G AR AR R o
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-~ BACELEERFUY

ERIGEHR §o% s Hifx k12 1.5 210
Blder o phe Fa#F ¥ 24 ] RIS NiBUR
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Pomi il 15 fhae fa#r R 24 ) pFo Bz
SR R RS 4 R T L
"]ﬂljfng_—g‘ s 2B R R F K o AR 3
Bode WL A © e fi 554 (EESP) 0 &
BIANEFT - o

g A
2 HPLC-MS/MS 7% 45 EESP = i»
A rard S E e o

=~ e P %
1. % 3 Bk
A 3k e o
2. m® % ik 2 ) % (LDH)
LDH wm® % ik % 42 %% wmre F 2 4
N o &
%0 4 14(%)’% * Promega 2 CytoTox 96°
Non-Radioactive Cytotoxicity Assay & 4
5 o 3 HepG2 cells 2 10 x 10Y/ml #:48+
24 well plate » 35 % 24 ] P¥is > # ",4rt ¥ h
BEA > F4er 05 m 272 FIERZ
EESP (50, 200, 500 pg/mL ) % HD (10,100
pgmz %4 8 > %4 37TC 5%
CO, T F 36 P FFr BRER®T »B
31 50 pl #2 ¢k fm v 2 & % (extracellular fluid)
2 96 well plate 4c » 50 pl ¥ R38& 3t 3
Tk 30 A 4afs o 4~ 50 ul Bk 2E
) > 2 ELISAreader 3% B~ 490 nm swx sk
B o & {& 11 Cytotoxicity(%) % 7+ - 3+ & =
F4e T o
Cytotoxicity(%) = 7 2 &/wm*z > 7 LDH

~ 2, 2 ~ 2 -~ ~ AY ~ 2,
S wmiEER TR
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#-HepG2 cells 12 50x10% ml #4876 3
oot AT g 24 s A e
AR B4 r1ml 3% kkR2 EESP
(50, 200, 500 pg/ml )% HD (10,100 pg/ml)
ZEER R 2 %4 37C 5% CO, ™
PR R36 ) FR RS (S wf%",éf
BA& K 1 PBS Gk 20t 0 4~ 100 ul
Trypsin-EDTA i® % 2~3 & 4& > 4c » 400 pl
PBS # =% © 4v Trypsin-EDTA ¥ & > *»
I o oo B oML &g po 1t 1000
rpm > 5 2 aades > 40 L AR o 4o 300
pl PBS & > ¥ 2 700 ul 4C™ 2. 95 %iF
Mo FRT-FERA 25 1@
e rag R4 L iv g 435 4 »3>-20C @ 2%
B2 o MIPILAREFTAI o x> 1Y
4°C » 1500 rpm #~ 5 & 453 "f EPE 0 A
~ 800 pl PBS *+# # 40 » 100 pl 2 200
ug/ml RNase A » ;2 @ 393 A 3TCTF &
2 ] FFi% > 4e » 100 pl 2= Img/ml propidium
iodide(Pl) » ;2 3 » & Bk & 5~10 A 48 >
B s om N amve A 45 o

8. AnnexinV % 47

#-HepG2 cells 2 20 x 10% ml #7556
F24 B
F AR L4or Iml 23 RERZ
EESP (50, 200, 500 pg/ml ) % HD (10,100

CELrEEHY B

pgmz 2 H 4L 8~ %4 37C » 5%
CO, T3 F J& 36 /| FF» (5F RPEFR %7
s # "’T‘i‘* %2k M PBS ik 288 0 b
»~ 100 pl Trypsin-EDTA i£% 2~3 4 4 >
400 puL PBS ¥ @ ;& ¢ dr
Trypsin-EDTA * J& > *» K,ért nre s LR R
£ 4o g 21000 rpm o 5 A GG o
2% b KR > 4~ 500 ul Annexin-V
binding buffer 2R £353 » & w4 » 5
ul Annexin-V-FITC 4= Pl s & > iR 3 >
05 Ak B 5~10 A48 0 B fs 1o dmre iR
AT AN T

ETEDN

9. DAPI % ¢ A& 47
# HepG2 cells 2 20 x 10% ml #4866
’“j,g PR XY B E 24 P %’“f
B AL B A RERESLE
AR OBE  BEH3ITC 5%CO2 T w2
24 ol pE o FE OBRFERFY S 2 “,%i%%
% fmre 11 PBS fik s =t 2 (84 ~ 100
pl Trypsin-EDTA i® # 2~3 4 4& > 4 » 400l
PBS  fimi% » {v Trypsin-EDTA & J& » *»
“,f e o LB AR AT e @ o 1000
pm - 5 & 4B o thd b iR FeF
500 wl PBS #-ime 3m4c o T3t ¥ 4 5 % 12
100 pl poly-L-lysine &2 1 »~ 45> @ ¥ 3t %
*F R BodTagis dhimfe 100 ul g
FR Y oFE 10 AR mrepbt
5o %% 4~ 1 ml 4% paraformaldehyde >
SR FH T o 7Y 30 ~efe 0 )
paraformaldenyde £ ™ PBS £ %% 3
= # E%%dﬁ%’ﬁﬂ:sm’?é o4~ 1 ml 0.5%
Triton X-100 > # % 10 4 481 ‘w?e " el
Ao PBS & fipie 3 = b Iml 1%
BSA # % 30 4 45 - 25 ul DAPI % &>t
AP LR A
7z 7 DAPI L[enfigl & 1+ o ¥ kB icsl
400 &Lz mie R g o R g T T %



10. 474 *8 % In VIVO 55k

(1) "8 hn e T

BB B ALEES HepG2 "l snve 2 ST 12
%gﬁ%’u PBS i i ik jisimie 2
Fo4rr kR 5 0.1% Trypsin-EDTA {5

2~3 /480 4e A B HIA § FBS 2 MEM
medium ¥ 4= Trypsin-EDTA & J& s> *» 'f
mie o LR R ARA I MG B BT
0% 1,200 rpm 3 Smin § R
fer 3ml 3z fs 2 g e MEM (minimal
essential medium) & & - S F rRiTR 3

(P B dicmie) > L ge > H g

B 40 HepG2 " e iR 5§
Trypan blue % ¢ > s miz #icd 95%
b kA AR A TRAE 02 ml
HepGZ Sk Pe % 0 4c ~ PBS T
£ (2.5x107 cells/ 0.2 ml PBS /mice) » & 12
1:1 % # v 2 »~ 3 4 Matrigel (BD
Biosciences, San Jose, CA) » 5 {81 5435
F SO EFEF B AT(s.c) FIEa X
o R R W R

(2) Fb 2o

d B e Mpded? i 3 e
16~18 g 2z zz{+4% & ( BALB/c-nu/nu, male
nude mlce) 40 & A AR B EHE Y
M de 5 o & 1 F g RAE ST
Wao b & w88 “fa‘;";ﬂflg(? 4 0.1
ml 2 & 7 2 % % % 4 (sodium
methylcellulose, MC)) & i& {7 "8 7% 45 fu ¢}
C) Eepr e mHaBmFi  [EX TiE
7E AR R MC A ¢ e i ¥ B
oo e (N> ®HEel) " &
(M) ~ % # & 2 (H) A %% 4 0, 25, 200,
500 mg /kg bw > & ‘e 3ofrig % F Ak - L 3
RHRE R TF BFRRIDEFEF T &

Ny =y

PR T WA ER G ER
24°C+1°C > 4p¥H/B & 55 £ 5% > 12 | p*
FRER(ERFFE AMB:00~PM20:
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Figure 1. Effects of water extracts of sweet orange peel (WESP), hexane extracts of sweet
orange peel (HESP), ethyl acetate extracts of sweet orange peel (EESP), butanol extracts of
sweet orange peel (BESP) on HepG2 cell viability. The cells were treated with WESP, HESP,
EESP, and BESP, respectively, for 24 h. Data are presented by means + SD (n=3).
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Figure 2. Total ion chromatogram (top) , HPLC-DAD chromatogram (bottom) of WESP,
and chemical structure of the identified compounds in WESP. Peak 1: hesperidin, peak 2:
hesperetin, peak 3: nobiletin, and peak 4: tangeretin.

B RAREE S AL KA 4
Tablel Chromatographic and spectral data of flavonoids in WESP

Peak Compound tz (Mmin)  UV-Vis Amax (nm) [M+H]" MS/MS (m/z) [M—-H]  MS/MS(m/z)

1 Hesperidin ~ 17.94 284,329 609 301, 285, 242, 215

2 Hesperetin ~ 22.52 287,329 301 285, 257, 242, 215, 199
3 Nobiletin 28.26 270, 334 403 388, 373, 357, 355, 327, 301

4 Tangeretin ~ 30.90 270, 325 373 358, 343, 328, 325, 300, 297

15



140 | [ WESP t-BHP 0.2mM

C—1HD
* *
*
*
*

T
120 1 @ NT

200 500 10

Concentration (ug/ml)

*
100 |
0
Control  t-BHP 0.2mM 50
Bl= # A k3 B4 (WESP)-hesperidin (HD), hesperetin (HT) and nobiletin (NT) %} 0.2 mM
t-BHP 3£ % HepG2 2 &£ i 3 2 ¥
Figure 3. Effects of water extracts of sweet orange peel (WESP), hesperidin (HD), hesperetin
(HT) and nobiletin (NT) on HepG2 cell viability. The cells were treated with WESP, HD, HT,
and NT, respectively, and exposure to 0.2 mM t-BHP for 6 h. Data are presented by means +
SD (n=3). # (p < 0.05) compared with the control group and *(p < 0.05) compared with 0.2
mM t-BHP-induced cells alone.
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Figure 4. Effects of water extracts of sweet orange peel (WESP), hesperidin (HD), hesperetin
(HT) and nobiletin (NT) on LDH leakage in 0.2 mM t-BHP-induced HepG2 cell. The cells
were treated with WESP, HD, HT, and NT, respectively, and exposure to 0.2 mM t-BHP for 6
h. Data are presented by means + SD (n=3). # (p < 0.05) compared with the control group and
*(p < 0.05) compared with 0.2 mM t-BHP-induced cells alone.
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Figure 5. Effects of water extracts of sweet orange peel (WESP), hesperidin (HD), hesperetin
(HT) and nobiletin (NT) on 0.2 mM t-BHP induced intercellular ROS production in HepG2
cells. The cells were treated with WESP, HD, HT, and NT respectively, and exposure to 0.2
mM t-BHP for 4 h. Data are presented by means £ SD (n=3). # (p < 0.05) compared with the
control group and *(p < 0.05) compared with 0.2 mM t-BHP-induced cells alone.
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Figure 6. Effects of water extracts of sweet orange peel (WESP), hesperidin (HD), hesperetin
(HT) and nobiletin (NT) on 0.2 mM t-BHP induced intercellular TBARS formation in HepG2
cells. The cells were treated with WESP, HD, HT, and NT respectively, and exposure to 0.2
mM t-BHP for 2 h. Data are presented by means £ SD (n=3). # (p < 0.05) compared with the
control group and *(p < 0.05) compared with 0.2 mM t-BHP-induced cells alone.
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Figure 7. Effects of water extracts of sweet orange peel (WESP), hesperidin (HD), hesperetin
(HT) and nobiletin (NT) on 0.2 mM t-BHP induced GSH in HepG2 cells. The cells were
treated with WESP, HD, HT, and NT respectively, and exposure to 0.2 mM t-BHP for 2 h.

Data are presented by means + SD (n=3). # (p < 0.05) compared with the control group and
*(p < 0.05) compared with 0.2 mM t-BHP-induced cells alone.
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Figure 8. Effects of water extracts of sweet orange peel (WESP), hesperidin (HD), hesperetin
(HT) and nobiletin (NT) on the ratios of Bcl-2/ Bax in HepG2 celll induced by 0.2 mM t-BHP.
The cells were treated with WESP, HD, HT, and NT respectively, and exposure to 0.2 mM
t-BHP for 2 h. Data are presented by means + SD (n=3). # (p < 0.05) compared with the
control group and *(p < 0.05) compared with 0.2 mM t-BHP-induced cells alone.
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Figure 9. Effects of water extracts of sweet orange peel (WESP), hesperidin (HD), hesperetin
(HT) and nobiletin (NT) on mitochondrial membrane potential in HepG2 celll induced by 0.2
mM t-BHP.  The cells were treated with WESP, HD, HT, and NT respectively, and exposure
to 0.2 mM t-BHP for 2 h. Data are presented by means + SD (n=3). # (p < 0.05) compared
with the control group and *(p < 0.05) compared with 0.2 mM t-BHP-induced cells alone.
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Figure 10. Effects of water extracts of sweet orange peel (WESP), hesperidin (HD),
hesperetin (HT) and nobiletin (NT) on 0.2 mM t-BHP induced caspase 3 activity in HepG2
cells. The cells were treated with WESP, HD, HT, and NT respectively, and exposure to 0.2
mM t-BHP for 4 h. Data are presented by means £ SD (n=3). # (p < 0.05) compared with the
control group and *(p < 0.05) compared with 0.2 mM t-BHP-induced cells alone.

23



%102 DAD1 - TWC Du-orange-peel-0422-MS2r.d
1 DAD: 210-600 nm

0.75
0.5
0.25 ' . 4 6 9

12 3 45 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
mAU (%) vs. Acquisition Time (min)

X102 +/- TIC MS(all) Du-orange-peel-0422-MS2r.d

2 7 ESI (+/-) MS
1] 1 | . ‘ (+-)
; .
0.75 A _/\ 3
05 VAN R
025 i 2 8 9 95 10 15 11 N5 12 125 8B nB5 M 4 6 | 10
0 b —

123456 7 8 9 10 é'éugg(glgVEAigug%opﬂg;se{mn)z’o 21 22 23 24 25 26 27 28 29 30
B+ - A kZF B4 HPLC-MS total ion £2 HPLC-DAD chromatograms z_ 4 47
Figure 11. HPLC (upper panel) and electrospray ionization (ESI) MS (lower panel)
chromatograms of water extracts of sweet orange peel (WESP). HPLC-MS/MS analyses
were performed in negative (shown in lower panel with insert figure) and positive
ionization modes (lower panel, peaks 4-10). The peak numbers are refereed to Table2.
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Table 2. Retention time (tg), UV-Vis and ESI Mass spectral characteristics of Compounds
(1-10) of water extracts of sweet orange peel (WESP)

Peak® tr (Min) Amax (NM) [M+H] Mms? [M-H] MS?
1 9.41 273,337,232 593  353(100), 383(51), 473(36), 297(6)
2 11.41 281, 236, 333 579  271(100), 151(11)
3 11.69 282, 236, 330 609  301(100), 286(5)

4 16.10 345, 272, 252, 373 343(100), 357(10), 315(8), 373(6)

5 17.62 333,243,265sh 373  343(100), 312(59), 329(45), 357(35), 339(19)
6 18.71 338,244 403 373(100), 387(46), 369(31), 355(22), 341(19),
7 19.32 336, 251, 272 403 373(100), 327(10, 355(6)

8 19.74 323, 268. 235 343 313(100), 282(65), 299(43), 327(30), 281(29)
9 20.54 256,234 sh,344 433 403(100), 385(11), 417(7)

10 2163 328, 273, 234 373 343(100), 297(12), 325(7), 300(5)

®The identified results of each compound are referred to Table3.
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Table 3. Identified phenolic compounds in water extracts of sweet orange peel (WESP)

Quantification (mg/g

Peak Compound Reference
extract)®

1 Apigenin-6,8-di-C-glucoside® Gattuso, Hinds, Tong, & Srivastava, 2006 1.538 £0.135
Gardana, Scaglianti, Pietta, & Simonetti,

2 Narirutin® 3.983 +0.601
2007

3 Hesperidin® 6.439+0.914

4 5,6,7,3°,4’-Pentamethoxyflavone” Han, Kim, Lee, Mok, & Lee, 2010 0.083 £ 0.022
Anagnostopoulou, Kefalas, Kokkalou,

5 Sinensetin® 0.347 +0.046
Assimopoulou, & Papageorgiou, 2005

6 Nobiletin® Mencherini, et al., 2013 0.084 +0.019

7 Hexamethoxyflavone® Anagnostopoulou, et al., 2005 0.519 £ 0.088

8 5,6,7,4’-Tetramethoxyflavone® Li, et al., 2006 0.141 +0.026

9 3-Methoxynobiletin® Li, et al., 2006 0.160 + 0.027

10 Tangeretin® 0.118 +0.015

aThe identification was confirmed further by authentic compound.” Compounds were tentatively identified according to mass spectra and

the matched data from literatures. The results were expressed as equivalent of hesperidin in mg per g of extract, as mean + SD of three

independent analyses.
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Table 4. Effects of water extracts of sweet orange peel (WESP) on body weight and relative
orga organ weights in male Wistar rats

Values are means = SD for eight rats per group. *Significantly different from the group

Groups Initial weight Final weight R_elative organ w_eight
(9) (9) Liver Kidney
Control 211.34+8.00 353.38+36.10 4.81+1.19° 1.18+0.22"
50% CCl, / Olive oil 204.66+12.18 352.46+29.38 5.74%1.20 1.08+0.21
Silymarin (200 mg/kg)+ CCla 200.04+12.26 340.74+40.48 4.65+0.36" 0.87+0.06"
Hesperidin (0.1 mg/kg)+ CCly 218 20+5.07 379.19+16.41 4.730.38" 0.850.06"
WESP (1 mg/kg)+ CCl, 216.74%7.00 369.04+27.64 4.89+0.36 0.87+0.05
WESP (10 mg/kg)+ CCl, 209.28+10.76 359.63+28.16 4.64%0.50" 0.910.07"
WESP (100 mg/kg)+ CCl, 210.53+14.39 355.68+23.24 4.88+0.47 0.91+0.04"
WESP (100 mg/kg) 213.89+8.75 362.90+17.41 3.82+0.45 0.87+0.07

treated with 50% CCIl4 / Olive oil alone at p<0.05. Relative organ weight= organ weight (g) /
final body weight (g) x 100%.
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Table 5. Effects of water extracts of sweet orange peel (WESP) on serum biochemical
values, TBARS, glutathione content and antioxidant enzymes activities in male Wistar rats
treated with CCl,

TBARS CAT GPx
AST ALT BUN CRE GSH SoD
Groups (nmole /g . . (Ulg Ulg
(U/L) (U/L) (mg/dL)  (mg/dL) . (ng/ g protein) (U / g protein) ) .
tissue) protein) protein)
Control 123+10 46+1 17+1 0.85+£0.03 0.50+0.46 797+206 13029+2608 18.29+2.1  1281+350
50% CCl, 2274+934% 984+584*  18%1 0.86+0.07 1.47+0.44°  372+109° 6794+1651° 2442450 627+126*

ﬁq"g/’&‘ga;”ézcﬁo 1188+732° 4943354  19t1  092:0.03 0.69:0.38° 600186  11463:3172° 2245:57 962+161°
4

Hesperidin (0.1

mg/Kg)+ CCl, 19288726  967+631  17¢2  090£009 0.91+0.66"  264+48 6505+1131 18.67+3.9 1026+424
4

WEsP(1 19+#1  0.85+0.11 0.95:054" 352479 5200+2000 23.10£8.9 33681
mg/Kg)+ CCl, 2368548 11474771 + 8510. 950, + + 1048, +

WESP (10 . . . . . .
mgKgy+ CCl, 76146987 323£362° 18+ 0861007 093:0.42°  567:64 14241+1688" 21.24+7.9 1630£134
WESP (100 . . . . .
mg,Kg)(+ Ccl,  1435:600° 591:413  19:1  0.91%0.08 073:037° 661183 11687+4061" 18.16x2.1 1283253
\rlnng,iZ)(loo 109412 3045* 1621  0.85:0.01 0.56+0.24  869+141 116681149 18.18+2.16  1019+200

AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; CRE, creatinine. TBARS, thiobarbituric acid
reactive substances; GSH, glutathione; SOD, superoxide dismutase; CAT, catalase; GPx, glutathione peroxidase.Values are means + SD for
eight rats per group. Results were all statistically analyzed with Student’s t-test. *Significant difference from the control group (p<0.05). *

Significant difference from the CCl, group (p<0.05).
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Figure 12. Effect of water extracts of sweet orange peel (WESP) on DNA strand breakage.
Photomicrographs of comets (A) in lymphocyte stained with propidium iodide in different
groups: in different experimental groups. (a) Control group ; (b) 50% CCl, ; (c) silymarin
(200 mg/kg bw)+ CCl, 5 (d) Hesperidin (0.1 mg/kg bw)+ CCl, ; (e) WESP (1 mg/kg bw)+
CCl, ; (f) WESP (10 mg/kg bw)+ CCl, ; (g) WESP (100 mg/kg bw)+ CCl, ; (h) WESP (100
mg/kg bw) and genotoxicity of WESP on DNA strand breakage (B) in blood lymphocytes
from rats treated with CCl,. Tail moment= percent of DNA in the tail x tail length (um). Data
were presented as meantSEM.*Significant difference from the control group (p<0.05). ~
Significant difference from the CCl, group (p<0.05).
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Figure 13. Effect of water extracts of sweet orange peel (WESP) on CYP2EL activity in the
liver microsomes of rats treated with CCl,. *Significant difference from the control group
(p<0.05). ~ Significant difference from the CCl, group (p<0.05).
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Figure 14. Effect of water extracts of sweet orange peel (WESP) on rat liver treated with
CCl, : (a) control group ; (b) 50% CCl, ; (c) silymarin (200 mg/kg bw)+ CCl, ; (d) Hesperidin
(0.1 mg/ kg bw)+ CCl, ; (e) WESP (100 mg/ kg bw)+ CCl, ; (f) WESP (10 mg/ kg bw)+
CCly 5 (g) WESP (1 mg/ kg bw)+ CCl, 5 (h) WESP (100 mg/ kg bw).
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Figure 15. Chromatograms obtained from HPLC analysis (A), UV spectra of peak numbers

12-14 (B), and total ions of positive (C) and negative (D) electrospray ionization of ethyl
acetate extracts of sweet orange peel (EESP)
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Table 6. Retention time (tg), UV-Vis and ESI Mass spectral characteristics of Compounds (1-10) of orange peel extracts

Peak? tg (MiN) A (NM) M+ H]* Ms? [M-H]" MS? Identification

1 1141 281, 236, 333 579  271(100), 151(11) Narirutin
2 1169 282, 236, 330 609  301(100), 286(5) Hesperidin
3 16.10 345,272, 252, 373 343(100), 357(8), 315(4) 5,6,7,3’,4’ -Pentamethoxyflavone
4 1762 333,243,265sh 373 343(100), 312(67), 329(42), 357(39), 339(20) Sinensetin
5 1871 338, 244 403 373(100), 387(40), 369(29), 355(21), 403(18), Nobil etin
6 19.32 336, 251, 272 403 373(100), 327(5), 355(6) Hexamethoxyflavone
7 19.74 323, 268. 235 343 313(100), 282(73), 299(45), 327(31), 309(23) 5,6,7,4” -Tetramethoxyflavone
8 2054 256,234 sh, 344 433 403(100), 385(10), 417(7) 3-Methoxynobiletin
9 2163 328,273,234 373 343(100), 297(10), 325(7) Tangeretin
10 23.82 347, 237 389  359(100), 341(39), 389(11), 328(6), 373(6) 5-Hydroxy-6,7,8,3’,4’-pentamethoxyflavone *
11 25.25 236, 279, 348 419 389(100), 371(24), 419(13), 361(8) 5-Hydroxy-3,6,7,8,3°,4’-hexamethoxyflavone
12 39.76 210 277 Linolenic acid
13 42.48 210 279 Linoleic acid
14 4542 210 281 Oleic acid

& Tentatively identified according to Weber et al. (2006) and Li et al. (2006). Weber, B., Hartmann, B., Stickigt, D.,
Schreiber, K., Roloff, M., Bertram, H. J., Schmidt, C. O. Liquid chromatography/mass spectrometry and liquid

chromatography/nuclear magnetic resonance as complementary analytical techniques for unambiguous identification of

polymethoxylated flavones in residues from molecular distillation of orange peel oils (Citrus sinensis). J. Agric. Food
Chem. 2006, 54, 274-278. Li, S. M., Lo, C. Y., Ho, C. T. 2006. Hydroxylated polymethoxyflavones and methylated
flavonoids in sweet orange (Citrus sinensis) peel. J. Agric. Food Chem. 2006, 54, 4176-4185
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Figure 16. Effects of different extracts of sweet orange peel on HepG2 cell viability. The
cells were treated with WESP(water extracts of sweet orange peel),EESP (ethyl acetate
extracts of sweet orange peel),HESP (hexane extracts of sweet orange peel) and BESP
(butanol extracts of sweet orange peel) for 24 h, respectively,. Data are presented by means
+ SD (n=3). *(p < 0.05) compared with the control group.
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Figure 17. Effects of ethyl acetate extracts of sweet orange peel (EESP) and hesperidin (HD)
on HepG2 cell viability. The cells were treated with EESP and HD, respectively, for 36 h.
Data are presented by means = SD (n=3). *(p < 0.05) compared with the control group.
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Figure 18. Effects of ethyl acetate extracts of sweet orange peel (EESP) and hesperidin (HD)

on LDH for HepG2 cell. The cells were treated with EESP and HD respectively, for 36 h.
Data are presented by means + SD (n=3). * (p < 0.05) compared with the control group.
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Figure 19. Effects of ethyl acetate extracts of sweet orange peel (EESP) and hesperidin (HD)
on intercellular ROS production in HepG2 cells. The cells were treated with EESP and HD,
respectively, for 3 h. Data are presented by means + SD (n=3). * (p < 0.05) compared with the
control group.
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Figure 20. Effects of ethyl acetate extracts of sweet orange peel (EESP), hesperidin (HD) on
morphological changes in nuclear of HepG2 cells. The cells were exposed to EESP (50-500
ug/ml) and HD (100ug/ml) for 24 h, and oxidative damage was evaluated using DAPI

staining. The DAPI-stained cells were evaluated using fluorescence microscopy (200x).
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Figure 21 . Effects of ethyl acetate extracts of sweet orange peel (EESP) and hesperidin (HD)

on the cell cycle of HepG2 cells. Cell were incubated with EESP (50-200 pg/ml) and

hesperidin (HD) for 36h.
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Table 7. The effect of ethyl acetate extracts of sweet orange peel (EESP) and hesperidin (HD) on
apoptosis in HepG2 cells

Percentages of cells (%)

Sample Normal Apoptosis Necrosis
(ng/ml) Early Late

Control 87.26+0.08 1.61+0.18 2.05£0.53 9.0940.64
EESP(50) 90.62+0.88 1.23+1.12 1.78+0.52 6.38+0.75
EESP(200) 76.33+0.01 6.92+0.18 * 2.72+0.51 13.86+0.09
EESP(500) 58.91+7.42 * 14.44+3.12 * 6.22+3.30 20.44+1.00 *
HD(100) 82.391£2.16 1.57+0.62 2.63%£0.33 13.42+1.20

The cells were exposed to EESP (50-500 pg/ml) and HD (100pug/ml) respectively, for 36hr. The
cells were harvested and stained with annexin V-FITC and propidium iodide (PI).
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Figure 22. Effects of ethyl acetate extracts of sweet orange peel (EESP) and hesperidin (HD)
on mitochondrial membrane potential in HepG2 cells. The cells were treated with EESP and
HD, respectively, for 4 h. Data are presented by means + SD (n=3). * (p < 0.05) compared
with the control group.
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Figure 23. Effects of ethyl acetate extracts of sweet orange peel (EESP), hesperidin (HD) and
on the ratios of Bax/Bcl-2 in HepG2 cells. The cells were treated with EESP and HD ,
respectively, for 3 h. Data are presented by means + SD (n=3). * (p < 0.05) compared with the
control group.

41



N
o
o
)
>*

<)

= I

5 *

(@]

‘{'_3 * * _|_

S 150 A I T *

©

o T

o

o

2 T

%) i

4 100

o

(7]

9]

@)

3

§ 50 4

©

Q

©

S

)

c

- o T T T T T T
control 50 200 500 10 100

EESP HD

Sample (png/ml)
Bl- Lo AT pe fig 35 P4 (EESP)£ hesperidin (HD)i®* Hep G2 w2 Hep G2 ‘m*
it 16 ] pr
¥t caspase-3 2 = F&¢
Figure 24. Effects of ethyl acetate extracts of sweet orange peel (EESP) and hesperidin (HD)
on caspase 3 activity in HepG2 cells. The cells were treated with EESP and HD ,respectively,
for 16 h. Data are presented by means £ SD (n=3). * (p < 0.05) compared with the control

group.
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Table 8 .Inhibitory effect of ethyl acetate extracts of sweet orange peel (EESP) on the growth

of xenografted HepG2 tumour tissue in nude mice

Tumor size  (Lx W*x 0.5 mm®)

Groups
Day 8 Day 12 Day 16 Day 18
C 0.0£0.0 0.0£0.0% 0.0£0.0 0.0£0.0
N 12.8+8.4 (25) 32.9+17.9 (37.5) 63.4+28.1 (50) 116.4+53.9 (50)
L 0.0£0.0 0.0+0.0% 0.0£0.0 19.6+10.9 (37.5)
M 0.0£0.0 0.0+0.0% 3.7+3.7 (12.5) 32.2+12.7 (50)
H 0.0+0.0 0.0+0.0% 56.2.0+30.1(37.5) 72.2+30.7 (62.5)

Treatment period were indicated the days after tumor inoculation. Values are means + SE (% for
tumor growth no. of mice) for eight mice per group. Control (C) and Control (N) indicate normal
nude mice with normal feed and tumor injected nude mice without test sample treatment,
respectively. The different doses of EESP (L,25 mg /kg bw; M, 150 mg /kg bw; H, 250 mg /kg bw)
were administered orally for 18 consecutive days, starting the day after implantation of tumor cells.
Visible tumor sizes on day 18 after injection of indicated HepG2 cells. Dunnett’s test for multiple
comparison, * p < 0.05 vs N.
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Figure 25. Effects of ethyl acetate extracts of sweet orange peel (EESP) on the growth of
xenografted HepG2 tumour tissue in nude mice: Control (C) and Control (N) indicate normal
nude mice with normal feed and tumor injected nude mice without test sample treatment,
respectively. The different doses of EESP (L,25 mg /kg bw; M, 150 mg /kg bw; H,250 mg /kg
bw) were administered orally for 18 consecutive days, starting the day after implantation of

tumor cells.. Visible tumor sizes on day 18 after injection of indicated HepG2 cells.
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