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|[dentification of the Plant Part of Gledlitsia sinensis that Activates Nrf2,
an Anti-oxidative Transcription Factor

Jiveon Choi, Kyun Ha Kim, Jun Yong Choi', Chang Woo Han', Ki Tae Ha, Han-Sol Jeong*, Myungsoo Joox

Division of Applied Medicine, School of Korean Medicine, Pusan National University,
1 : Department of Oriental Internal Medicine, Korean Medicine Hospital, Pusan National University

The fruit of Gleditsia sinensis has been extensively used as a key ingredient of an herbal remedy for the
treatment of various inflammatory diseases in traditional Korean Medicine. However, the reason of using the fruit of
G. sinensis for the remedy is unclear. Since Nuclear factor (erythroid-derived 2)-like 2 (Nrf2) is a key anti-inflammatory
transcription factor, which is activated by the fruit of G. sinesis, we examined whether other plant parts of G. sinensis
are also capable of suppressing inflammatory responses by activating Nrf2. Water extracts of various parts of G.
sinensis were prepared and tested for Nrf2 activation by reporter assay and western blot analysis. Our results show
that the hull of G. sinensis is the most potent in activating Nrf2. Sequential organic solvent extraction of the hull show
that all the fractions had a higher potency in activating Nrf2 than the water extract, albeit differential degrees. The hull

originated from Korea in general activated Nrf2 strongly comp

ared to that of China. Chloroform fraction of the hull was

further examined, showing that the fraction induced nuclear localization of Nrf2, indicative of activated Nrf2, and

Nrf2-dependent gene expression including NAD(P)H dehydr

ogenase quinone 1 (NQO-1), glutamate-cysteine ligase

catalytic subunit (GCLC), and heme oxygenase -1 (HO-1). Therefore, our results show that, among other plant parts
examined in this study, the hull of G. sinensis is the most potent, providing the experimental basis for the use of the

hull of G. sinensis as an active ingredient for an anti-inflammatory remedy.
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g 9o T R dME HF oz l‘ﬂr I A=A ZAE] S8,
£ AP E GSE F9E B FE2E(Y, 2744, £71-59,
At nE) S ST EFSAF LA ATl AE ) g,
Garels 2gshe dEAA AARIAR Nrf2e] &4 W X=
A5S MR, o] F /MY Eol 22 AFYHFEES &
F8% $ 24 BYEE Nif2 SHAEE vugozH GS9 <F
gasol g B8z ZAE AAstaa o
As 2 U

a7 - A& - FHF

S A EATY 5
(A, i , Aok, 1) & FEES AT
worom ot Ak GSv FH Y (24, o) S22 RE S
J3tdth 5% 500 g9 GS LFEE MeOHZ 19 7+ 220 A
FE3, FEAE AAEEH F MeOHI 28 S/HS 1ILE &
g A]7]31 F 7S] hexane, chloroform, ethylacetate ¥ butanol 2]
o2 gujEgate] A4 2EES AU FFES 3,000
rpmol Al AAE st AF5AS HAL, JRAAYEFIIE
FES & T 7Axste -80TAA Bt AT

2. Ak 9 A

Sulforaphane-2 Sigma Chemical Co. (St. Louis, MO, USA)
2 B FY3Ath. TLR4-specific Escherichia coli 0111:B4
strain LPSE Alexis Biochemical (San Diego, CA, USA)ell A +
datgdch. £ AFelA AR BRE A=
Biotechnology (Santa Cruz, CA, USA)Z H¥ T3ttt

Santa Cruz

3. Mxujek

-2 g A A EZFQ RAW 2647 celle ATCC (American
Type Culture Collection, Rockville, MD, USA)ZF & £ &< 1
o} L-glutamine (200 mg/L)°] E3¥ Dulbecco’s Modified
Eagle’s Medium (DMEM) (Invitrogen; Carlsbad, CA, USA)ell

10% FBS®} 100U/ml penicillin, 100 pg/m¢ streptomycin
(Invitrogen)& 7}ste] vl ¥3tAh. Al Z+ 37C incubatorell A
5% COy “Fefoll A i Fatsiet.

4. Reporter Constructs, Reporter Cell line, Luciferase Assay
Nrf2 AARIA G4 =E Z73}7] 9138Fe] Nrf2 reporter cell

TE3Ath. 7)ol AHE-E murine NQO-1 gened]

proximal 1kb-long promoter+ QIAmp DNA Mini Kit (Qiagen)

lineS

=4 A3} i genomic DNA ¢t
5-GCTATGTGGACCAGTCTGG-3 <}

5-GGCTCCAGATGTTGAGGGA-3'E primerZ AM&-3le] PCR
53l S3 A7 PCR productE sequencings 53 &<l
pGLA.17[luc2/Neo] vector (Promega)°l 443t clonings}
ATt ol EA A NQO—l[luc/NeO] vectorS RAW 264.7 Al
29| transfection A7l § G418 (6001g/ml, Invitrogen)<= ] 2] 3}
o] NQO-1[luc/Neo] vector’} &&=z 4] & RAW 264.7
Adadth oS Nrf2 2442 & 48 A sulforaphane
o gk wggo] 7H £ A& =2 Nrf2 reporter cell lineo
2 A&t} Luciferase assay= luciferase assay kit (Promega)
AL A ZA A AAGE el Fshe] AAEH T

Pt o

cell &

i

5. NJZ 4] Reactive Oxygen Species(ROS) A4 &4

RAW 2467 AE W ROSY AL FFxAA
carboxy-H2 DCFDA 5-(and-6)-
carboxy-2,7-dichlorodihydrofluorescein ~ diacetate ~ (Molecular

Probes, Eugene, OR, USA)E o] &3te] Z3313t). 7

F%2)
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xgo] ¥olol BE G5 AMeA N2 34 £

A8 3 ujkdol A 100uMe] carboxy-H2DCFDAS %)) 3}o]
37CelA 3027 Wik Wik F PBSE AX AFH F
excitation 488nm, emission 525nm¢|4] BD FACS Canto II (BD
Biosciences, San Jose, CA, USA)Z & 3574 390

6. & RNA9] #Z&3 RT-PCR

Total RNAE QIAGEN RNeasy mini kit (Qiagen, Hilden,
Germany)E ©]&3t4, Ax3A L WHel Fate] etk &
RNA® 2 pg& M-MLV reverse transcriptase (Promega,
Madison, W1, USA)E ©]| 83} cDNAE ¥4d3t:1 GAPDH
A7ke] DNAS %S 71F08 717] g A& PCR 8%
2RSS 9827 s mRNAS % EAS7) 99 @
’33t cDNAE 3% AA 1:5 end-point dilution (1:1, 1:5, 1:125)
33 dilution$t cDNAE  specific primerES ©]43 PCRYH
< %3t9 DNAES FE3ch PCR $FE 913t TaqPCRx
DNA polymerase, Recombinant (Invitrogen, Carlsbad, CA,
USA)E AHE-8lL, RHE23S ta3 2o] st3ith 95T oA
587t 27] denaturation A7l ¥ 22-30 cycleS FZAIFHTH 7}
7}e] cycle2 95Col A 40% &< denaturation, 55-60C 4] 40
% &9 annealing, 72°CollA 50 % &< extensionA] # th.

PCR product= 1.2% Agarose gelS 1x TBE bufferel] ®7}k
100VE 30% F<F A7)9 5351491, ethium bromideE JAS
¢t & Image] (National Institute of Mental Health, Bethesda,
Maryland, USA)E Ab&3ted #E3}AT}. Glyceraldehyde-3-
phosphate (GAPDH)= NAD(P)H
dehydrogenase quinone 1 (NQO-1), glutamate-cysteine ligase
catalytic subunit (GCLC), and heme oxygenase -1 (HO-1)9]
At Eel Bee =437 Y8 internal control2 AR5}
EZH ) PCR A#E Image] program (NIH, MA, USA)< o] &
st #4351tk PCRol AMHE-¥ primere Table 13 2t}

dehydrogenase

Table 1. Oligonucleotide primers used for PCR in this study

PCR Acession

Target gene product(bp) number

PCR primer sequence(5' to 3')

sense 5'-GCAGTGCTTTCCATCACCAC-3'

NQO-L  lisense  5-TGGAGTGTGCCCAATGCTAT-3  224bp NMOO8706

sense 5 -TGAAGGAGGCCACCAAGGAGG-3'

Ho-1 antisense 5'-AGAGGTCACCCAGGTAGCGGG-3' 3730p NMO1D442
sense 5'-CACTGCCAGAACACAGACCC-3'

oeie antisense  5'-ATGGTCTGGCTGAGAAGCCT-3' 239bp NM 010255

GAPDH sense 5'-GGAGCCAAAAGGGTCATCAT-3 203bp NM 008084

antisense  5'-GTGATGGCATGGACTGTGGT-3'

7. Western Blot Analysis

RAW 264741 £ 10cm #F €719 5 x 10° w3 1) F3}of
oYY, e "2 NE-PER nuclear extraction kit (Thermo
Scientific, IL, USA)E AH&-3te] AlzAte] Wl wel 22 o
2] 8 @l AL Bradford (Bio-Rad Laboratories, Hercules, CA,
USA)Z A#Z3tArt. 9T &9 @9ES Nu-PAGE gel
(Invitrogen)ell 7|93 ¥ PVDF membrane (Bio-Rad
Laboratories)oll transfer 3 t}. Blot2> 1 A]7H&<t 5% nonfat dry
milkZ blockingdt F A2l A 1A} 30% FE= 4Tl A 16417

St Nrf2 FAZ At o] F 1A%t F
AlA  chemiluminescence (SuperSignalWest Femto, Thermo
Scientific)Z band& &3t ¢ membrane stripping
buffer (Thermo Scientific)E ©]-&-3}¢ stripsla $19 WOz
T}A] blockingdt ¥, 31<] house keeping proteingl lamin A/C
o I3t polyclonal FAZ A2|ste] bandS FJAFoZH Y
g gl g o] FAoRE Felnh

oF 2} SFAS HkS-

8. BAAE
AP FE 52 Graphpad (Inc, San Diego, CA) Z21H &
o] 8314 P values < 0.05 4% 4] one-way ANOVAEA & &
o] BAET ttestS E3ta] AL AAREQAT 4 ARE 33
e A3 dste] Wi REAAE 2L S VIESE 5
JoHoz FAISAT

2 ¥

1. GS9 ¥4 & F2E¢ 9% Nrf2 AAME 7 gl 3y
o A= 9%

GS9 Q(Leef; L), 71-4 Al(stem heartwood; SH), =7]-
Al (stem bark: SB), A St (seed), ZLFE] (hul)d] & FEES5
/ml, sulforaphane (¢]3} SFN)& 5 pmd=Z 16/\]7J 5
Nrf2-luciferase reporter constructE kg o g Ad RAW
2647 cell 33, WA E 54 HEXTo 2 A 27
1A HeE viel Zo] FANZRTEA tiEF Nrf2 AAxk2d
SENETh= ofshA|nt, GSo| mFe] = FE214 o4 A=
luciferase €45 B {THFig. 1A).

° R b

¢

Relative luciferase activity of control

NoonallL

A Seed Hull SF.

B. Cont. L sH B owed R gN

Fig. 1. Effect of various parts of GS on Nrf2 activation. (A) Luciferase
assay was performed with total proteins prepared from an Nrf2 reporter cell line,
derived from RAW 264.7 cells. Cells were treated with water extracts of various
parts of GS (5mg/ml) for 16h, along with 5mM of sulforaphane (SFN). Luciferase
activity was normalized by the amount of total proteins. Data represent the
mean+SEM of triplicate settings, and experiment was repeated at least three times
and shown are representatives (»++P<0.05, compared to control). (B). RAW264.7
cells were treated similar to (A), and then nuclear Nrf2, indicative of activated Nrf2,
was measured by western blot analysis. To ensure equal loading, the membrane
was stripped and reporbed with anti-lamin antibody.
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Relative luciferase activity of control
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Et Bu Aq

5+

44

3

Relative luciferase activity of control

Chinese CFGS (g/M8) Korean CFGS (pg/Me)

B.

Fig. 2. Effects of regional and differential extracts of GS hull on Nrf2
transcriptional activity. (A) GS hull, originated from China and Korea, was
sequentially extracted with methanol (Me), hexane (Hx), chloroform (Cl),
ethylacetate (Et), and butanol (Bu). The Nrf2 reporter cells were treated with
50mg/ml of those solvent extracts, along with water extract (Ag) for 16h prior to
luciferase activity. Data represent the mean+SEM of triplicate settings, and
experiment was repeated at least three times and shown are representatives
(+P<0.05, »P<0.05, and =+P<0.005, compared to control). (B) Increasing amounts of
chloroform extracts of Chinese or Korean GS hull were added to the reporter cells.
At 16h after treatments, luciferase activity was performed. Data represent the
mean+SEM of triplicate settings, and experiment was repeated at least three times
and shown are representatives (+P<0.05 and =+P<0.001, compared to control).

ool =tk F=4F GS 1 FE ] 2] chloroform %Q
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gene assays Al A} =42k GS # %29 chloroform3
FE(50 pg/m)el A SENSF A A= 9] Nif2 8435 =3}

S =
== o

als

o 918 AsATHFg 2B),

3. gk=4t GS 7 EE] Chloroform
Nrf2 dependent f+&A} L& WX

@ A3 A Nrf2 JAEHE 7}
k=4t GS 72 chloroform &2
pg/ml) RAW 264.7 celloll 16 *]

EEE9 3 W Nrf2 2@}
1=

7 R

1, 5, 10, 20, 50

Jﬂ

7

gl

-

A

Z SENAZ TS %“éﬂ%é%gi
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AA 748tk 9e 2044 F

dependent FRAZE 4y NQOl, GCLC, HO-loﬂ ofj st
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Axkel 2234 50 ug/mlol A Nrf2-dependent FHx}be] @&
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é ﬂlﬂ :l[o

Z]

T

CFGS (Hg/M)
Con 1 5 10 20 50 SFN
e e GG | N7
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I
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NQO-I/GAPDHmMRNA
GCLC/GAPDHmMRNA

Con 10
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B. CFGS (i) CEGS (ug/ie)

(CFGS (g/e)

Fig. 3. Effects of the chloroform extract of Korean GS hull on Nrf2
activity and its dependent gene expression. (A) RAW 264.7 cells were
treated with increasing amounts of the chloroform extract of Korean GS (CFGS)
for 16h. Nuclear localization of Nrf2 induced by CFGS was measured by western
blot analysis. Equal loading was attested by western blotting of lamin A/C, house
keeping genes in the nucleus. (B) Expressions of representative genes governed by
Nrf2, such as NQO-1, GCLC and HO-1, were measured by semi-quantitative
RT-PCR . The intensity of each PCR band was measured by densitometer and
software (ImageJ), and relative expression of each gene was normalized against
that of GAPDH. Data represent the mean+SEM (++P<0.05, compared to control).
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4. X Y ROS AAol w]x (DCF-DA assay)
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i, flow cytometric analysisE &3t ROSS #4E& ZA3
o). Fig. 4B A ®i= whe} o] LPS7} ROSE 448 A%e &
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T34 gtk (Fig. 40). ©l#3 Axe

(o3

=k GS nE
chloroform #&&o] ROSe| AAI} #A o] ZHHOZ Nrf2

o BHE FEFLES AN Aok

& ¥ i s
025% 7.8% 465% 8% E 8% S
e R ks | &3
a3
& o i i
-] | 0
P 0 | PIE
F — § S HEE s
0 & Sln 0 o]
& B
o] N
ks o
ATy T g R AL e
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Fluorescence intensity Fluorescence intensity Fluorescence intensity
A Con B. LPS C. CFGS

Fig. 4. CFGS does not significantly generate intracellular ROS
generation. RAW 264.7 cells were treated with (A) PBS, (B) LPS (100 ng/ml), or
(C) CFGS (50 ng/ml) for 16 h, and ROS were measured by flow cytometric
analysis. Experiment was repeated three times, showing no significant production
of ROS by CFGS compared to controls.
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