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Hepatocyte protection and antioxidant effect of Citri Unshius
Pericarpium against cadmium-induced oxidative stress
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Sang Chan Kim!™

'College of Korean Medicine, Daegu Haany University, *D&B Bio,

*Department of Pharmaceutical Engineering, Daegu Haany University

ABSTRACT

Objective : Citri Unshius Pericarpium is the dried peel of mature fruit of Citrus unshiu Markovich and has been used to
treat indigestion, vomiting, and removal of phlegm. This study investigated the hepatoprotective and antioxidant effect of
CEE (Ethanol extract of Citri Unshius Pericarpium) in cadmium (CdCl,)-treated HepG2 cells.

Methods : Component analysis of Citri Unshius Pericarpium was analyzed by UPLC with C4s column. Cell viability was
determined by MTT assay. The enzyme activity of superoxide dismutase (SOD) and the level of reactive oxygen species
(ROS) and reduced glutathione (GSH) were analyzed using commercially available kits.

Results : Cadmium caused severe HepG2 cell death. Cadmium also increased ROS production, consistent with depletion of
GSH and inhibition of the SOD enzyme. However, CEE treatment reduced cell death and relieved oxidative stress caused
by cadmium toxicity. CEE lowered ROS levels and improved depletion of GSH levels. CEE also enhanced the enzymatic
activity of SOD. In component analysis, hesperidin was the most abundant of the five marker compounds (Narigenin,
Narigin, Narirutin, Hesperidin and Hesperidin), which assumes that hesperidin partially contributed to the antioxidant
activity of CEE.

Conclusion : These results suggested that CEE could be a potential substance to solve heavy metal-related health
problems. In particular, inhibition of oxidative stress by CEE can be a way to treat liver damage caused by cadmium.

(¢) 2020 The Korean Medicine Society For The Herbal Formula Study

This paper is available at http://www.formulastudy.com which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided
the original work is properly cited.
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1. AJoF

Rhodamine 123 (Rh123)-> Calbiochem (San Diego,
CA, USA)9lA superoxide dismutase
(SOD) assay kit= Cayman Chemical (Ann Arbor,
MI, USA)NA 943t GSH determination kit
+ Oxis International Inc (Tampa, FL, USA)oiA
S EEES

hesperidin,

[e) = Ke:
H o /ij—,

narigenin, narigin, narirutin, hesperitin,
3—(4,5—dimethylthiazol—2—yl)—2,5—
diphenyltetrazolium bromide (MTT), 2,7 —dichlorofluorescein
diacetate (DCFH—-DA)+* Sigma (St. Louis, MO,
USA) 94 fetal

bovine serum (FBS), Dulbecco’s modified Eagle's

T4k} Penicillin—streptomycin,
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medium (DMEM)<> Gibco BRL (Grand Island,
NY, USA)elA 43kttt

2. BiRZ ole+e £E(CEE)Y A% 2 UPLC &4

e F2 HTol #3ld AxF(HAEAE KIP
140603-02)2.2 wFAKAYE TH)olA g5}
Atk Ax FTHOZ 300 go MEE A F,
100% ethanol 3 Lol FA|ale] 2417k &b 720l
A FEEFom, A olee FEE(CEE)Y F
T8 17.58%% . UPLC Aol AM89 ME Z&
54L&  narigenin,
2 hesperitin®® 27} 1 wgS 1 ml9 methanol
(HPLCE, JT BAKER)Ol| xo] ZEFANE wHEIL
Zkzbel RFdHS ml F 1, 5, 10 ngel FHEHES
methanol®  3|Al&te], FFENo=w AT
UPLC A%& AN B A=E Ed §, #43
A &gkl 1 goll 70% methanol 10 mlol] H7}sle]

N
oly

narigin, narirutin, hesperidin

Table 1. Gradient profile for the analysis of UPLC

1AZE &<t sonification(3F4HZA}, power sonic
405)8ke] &Z38klar 0.2 molste] HMrFH<Ql JHRE
oFate] HAE Azt 1T AAARZMED
¥ (Ultra performance liquid
UPLC)E BEH Cig column (1.7 gm, 2.1x<100 mm)3}
photodiode array detector’} HAZT  Waters
ACQUITYTM UPLC (Milford, MA, USA)& A3}
Stk Column®] &%+ A-2dA #4839t} Hesperidin
I} hesperitin® 280 nm, narigenin, narigin, narirutin
< 380 mmof|A] AT oo 2 0.1% formic
acid (FA)E &3t acetonitrile (JT BAKER)¥} &
o] EFNS AHEEIGom, Table 19 27102 4
st Alge 2 WE FYsision, 52 04 nl
/mine] ittt W5 Alglel] gt AHEAT F=
HWAHS o83t B W AR TS AF

1THEE
Fe,

chromatography,

(<0

Time (min) 0.1% FA in water (%)

0.1% FA in
acetonitrile (%)

Flow rate (ml/min)

0 98 2 0.40
0.5 98 2 0.40
2.0 90 10 0.40
4.0 80 20 0.40
5.5 60 40 0.40
7.0 50 50 0.40
9.0 30 70 0.40
10.0 10 90 0.40
12.0 0 100 0.40
14.0 98 2 0.40
16.0 98 2 0.40

3. Al e 4. MTT assay

HepG2 cell American Type Culture Collection
(ATCC, Rockville, MD, USA)°lA st on
10% FBS, 100 units/ml penicillin®] ¥3%-¥ DMEM
WA o]g3le] 37Ce} 5% CO, Z7olA wjeFa}olh.
AEE= 100 mne] wjFgAlolA 80% ©]%4+2] confluence

of merah® wjkste]l Aol o] ST

AE BEEE MTT assay HS T3l =AM
HepG2 cell® 24 well platec]l 1x10° cells/well&
Tete] 24 AlzE wigkel $, FBS7E gle Al
100 pg/me] CEEE 24 Ak d AAskqlch. CEEE
A AXG AEE 7F=H(CACl, 100 pM)ell 3A17
FoF wEAZ Fof w wix|i= Zoual phosphate—
buffered saline (PBS)Z Al&3s}Slt). A& gk Ao
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0.1 g/ml MTT &4-& FH7}ste] 37CollA 2 A7 wh

SAZ 3 AAE formazans DMSOZE =9 microplate
reader (Tecan, Minnedorf, Switzerland)S AR

3ked 570 mne] el A
AEEL qxAdEe] gk mEgw s g §
2ol ol&] AT} [cell viability (%) = 100 X
of

FREE FYAAt A=

(absorbance treated sample)/(absorbance of

control)].

4. Reactive oxygen species (ROS) =4

AIEZ U ROS 54 4401 2 Jakstarao wk

3} dichlorofluorescein 832 A3 DCFH-DA
ol-g3l5ith. M7} ¢k=H Aol 10 uM DCFH-DA
30 FoF MHEAIZIAL, trypsinCE MEES Ei

ko] black plateol] 100 pl® &A4F TH, excitation

-,
485 mm, emission 530 nm FFoNA HPHPEZE =A
st

tu wu ol
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6. Superoxide dismutase (SOD) assay

CEE® # A7} ¢tu¥l AEE PBS®E 23] A%
3 radioimmunoprecipitation assay (RIPA) buffer
(1% NP—40, 1% sodium deoxycholate, 0.1% SDS,
25 mM Tris—HCl pH 7.6, 150 mM NaCl)¢} halt
protease and phosphatase inhibitor cocktailS
100:12 Z383) lysis buffer® #7}sle] 4 ColA 10
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ER
narigin, narirutin, hesperidin hesperitin®]
o 3 S UPLCE ol R4Stk 1 Q1o
A o] g3t BREOIE narigenin®] 0.42 £ 0.040 ppm,

narirutin, hesperidin
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Tt (Fig. 1, Table 2). Hesperidin Z o) v}z
Fgsold Fo AE FEER ded Jon? B
Aol Aoz 57l sFE Fold 7Y B

Fom I



R 9] 591 TtERo R

FriE Ash 2Bzl oid 319]9] IME BE 8l Fqtsl mvt

Noh et al,Hepatocyte protection and antioxidant effect of Citri Unshius Pericarpium against cadmium—induced oxidative stress

A i

o
\d\©/

NO\(F(;)
H

[ Narigenin ]

&

§ H o
Narigin
o e
HO, ;H
Y, _on
o "

[ Hesperidin ]

®)

[ Hesperitin ] -
oot
Pepeeat
d 5

[ Narirutin ]

Narirutin - 6.331

Hesperidin - 6.650

Narigin - 6.525

Narigenin - 8.523

Hesperitin - 8,822

Fig. 1. Chemical structures and UPLC chromatogram of five marker compounds in CEE

(A) Chemical

and hesperitin.
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narigenin,

narigin,

narirutin,

hesperidin

(B)

UPLC chromatograms

compounds in CEE (right).

of standard compounds

(left)

and five marker

Table 2. UPLC retention time and content of 5 marker compounds in CEE

Compounds Retention time (min) Content (ppm)
Narigenin 8.523 0.42 = 0.040
Narigin 6.486 0.34 + 0.045
Narirutin 6.310 105.27 + 6.283
Hesperidin 6.642 530.84 + 4.738
Hesperitin 8.822 0.18 = 0.006
2. FtIEFC 2 §=3H AHXE AFHo] Ul CEEY X e NESEA 2748 MTT assayE 53] 243
s &3 o 2 Ay FF=F 100 pME 3A17F Bt AHAE
JtEFo R FEE HAE Abde] tigk CEES H s W aRH R AE o] FEHAGY (Fig
3 2HE HEs] 98, HepG2 celllA] 7H=H<] 2A, B). T3k CEE7} HepG2 cellol| A AEZEAS 1}
F% (100, 200, 300 uMDeF A A1ZE (1, 3 h)dl e EAE &osly] Yste] 10-100 wg/ml CEEZS
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24N 3¢ Fek A A ‘}04 MTT assay® =43Fth 1 SHAIRE 10, 30 % 100 ug/me] CEES} 7I=FS A
A, CEEY ©@5 Ao gt Hx 542 11 Ag FME FE EXHOR UAXE M 77
A ATt (Flg. 2C). CEE7} FleFo=z §E3 A 68.8 + 2.4%, 69.1 + 2.7%, 89.4 + 6.9%% A|¥E
F EA wAE ¢3S CEES 24 A7k A AHX AEEo] Z7t Frlekltl (Fig. 2D). o] AWE &
F, FIEES 3ARE AAEe] AHRYTE St=ES 3 CEE: %t”oﬂ olg ZHAIE EAo diE] AlE

9E A28 FoAE ERAE du 494 + 2.9% Bo g97) &S Elssit
2 AR AEFO] FAste] AlE 540 EIE
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N.S X
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= 80 S
E E 60 1 *%
> e
= 80 o 401
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40 o ®
(9] S 20 4
> []
5 20 1 z )
& 0 Cc - 10 30 100
Cc 10 30 100 CEE (ug/mL)
CEE (ng/mL) cdCl2 100 uM -3 h

Fig. 2. Effect of CEE on cadmium—induced cytotoxicity in HepG2 cells
Various concentrations (100, 200, 300 uM) of cadmium were treated into the cells for 1 h (A)
or 3 h (B) to determine the optimum experimental condition of cadmium in HepG2 cells. (C)
HepG2 cells were treated with CEE (10, 30, 100 ug/ml) alone for 24 h. (D) HepG2 cells were
pre—treated with CEE (10, 30, 100 pg/ml) for 24 h and then exposed to 100 uM of cadmium
for 3 h. (significant as compared to control, ##p < 0.01; significant as compared to cadmium
alone, ##p < 0.01; N.S, not significant; C, control).

3. CEEZ} 7l=Fo 2 3t} A= ROSY #x&= 93 R wl, EAlEet wlaste] ROS7F 276.74 £

AZE Y ROS~ HepG2 cellel CEEZ 24A17F # 15.14% =7Vetdch. CEES} 7t=8-S o] Ax&kgd
Ax F, FIEBS 1 AIF B2k A X8 thS DCFH-DA S o hRAME iH] 92.26 + 6.38% = =R W=
2 dAste] Stk FtEES 9EoR AA|8 A on] FAH R felstA A, CEEE
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5 AA813S wl t2AE div] 89.88 £ 3.19% ¥l ROS7F Haghs g<lstalth
t} (Fig. 3). Wb CEEl o8 sl=fFoz Z7}
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cdclz
Fig. 3. Effect of CEE on cadmium—induced ROS production
Cells were exposed with cadmium for 1 h after CEE treatment for 24 h. ROS level was
measured by DCFH—-DA staining and the fluorescence intensity was expressed as percentage
of control. (significant as compared to control, **p < 0.01; significant as compared to
cadmium alone, ##p < 0.01; C, control).

4. CEE7} =802 %% GSH 4o nxj:= 98 %718k t). CEES] @ Ao o)) GSHE 137.89
Jh=F 3 AR AHAE ulze oib] GSH %% T 2.45%% ulzas di¥] F7ksksith (Fig. 4). ©]
78.24 + 2.29%% F&31om, CEE AAA | 9 A3g 58 CEEx: 7l=8o= % GSH $H9) #
& GSHE 11832 + 1.46%% FAHCR frofaH 22 FEAZ 4 9leS stelart).

160

140

_= 120

SE 100

;E 80

"E\% 60

40

20

0

¢ . 100 100
CEE (pg/mL)
CdCl2

Fig. 4. Effect of CEE on GSH levels altered by cadmium treatment
Cells were exposed with cadmium for 3 h after CEE treatment for 24 h. GSH contents were
measured in cell homogenates as described in material and method section. Data were
expressed as percentage of control. (significant as compared to control, #**p < 0.01;

significant as compared to cadmium alone, ##p < 0.01; C, control).
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5. CEE7} SOD &4l mx& F3

gizat MEAA SOD 442 167.18 £+ 37.04 U/
FEEH 3 AIRE A 9] SOD &4
68.83 + 18.06 U/mle& z+4&tqith. CEE AAX
= Jl=Fel 9% SOD A4S 176.97 + 25.5 U/ml
o2 F7MF T CEE @5 AHA& 148.38 + 7.35

ml o] & a1,

250

200

150

100

SOD (U/mL)

50

U/mlez SOD &Aool #4aste A4S vehlgle
U SAHo7 §ostx okl (Fig. 5). o] A%=
S8 Fl=gog <ld SODY &4 747t CEEd 9

a Buge sk,

#H#

100

100

CEE (ug/mL)

CdCl2

Fig. 5. Effect of CEE on SOD activity altered by cadmium treatment

Cells were exposed with cadmium for 3 h after CEE treatment for 24 h. SOD activity was

measured as described in material and method section.

(significant as compared to control,

#xp < 0.01; significant as compared to cadmium alone, ##p < 0.01; C, control).
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