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ABSTRACT

Objective : Gardeniae Fructus (GF) is the ripe fruit of Gardenia jasminoides Ellisa with a bitter taste and cold

properties. Ingredient compounds including geniposide are known to have anti-inflammatory, antioxidant, and
neuroprotective effects. The purpose of this study was to investigate the neuroprotective effect of GF on
tBHP-induced PC12 cells.

Methods : Cell viability was measured by the MTT assay, and apoptosis was determined by the terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay. The expression level of each protein was
monitored by Western blot analysis, and reactive oxygen species (ROS) were analyzed using DCFH-DA.

Results : In PC12 cells, tBHP induced cell death through apoptosis with caspase activation and PARP inactivation. Cells
treated with tBHP showed an increase in intracellular ROS and depletion of GSH. Pretreatment with GF prevented
tBHP-induced apoptosis, reduced ROS, and increased GSH. GF also maintained increased Nrf2 expression in the
presence of tBHP. Phosphorylation of JNK and p38 MAPK was increased by tBHP, whereas phosphorylation of ERK
was decreased. GF restored changes in ERK and p38 phosphorylation, but not JNK phosphorylation.
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Conclusion

. These results indicate that GF has neuroprotective effects through anti-apoptotic and antioxidant effects

mediated by regulation of Nrf2 expression and phosphorylation of ERK and p38. It also demonstrates the potential
use of GF as a source of antioxidant and neuroprotective substances.
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Dulbecco’s modified Eagle’s medium/F12 (DMEM/F12),
fetal bovine serum (FBS), trypsin—EDTA, penicillin—
streptomycine Gibco (Rockville, MD, USA)AE-& At
f3519ict. 2,7 —dichlorofluorescein diacetate (DCFH-DA)%};
dimethyl sulfoxide (DMSQ), tBHP, 3-(4,5—dimethylthiazol
—-2-yD)-2,5-diphenyltetrazoleum (MTT)E Sigma (St.
Louis, MO, USA)ollA HAsFAT}E. In situ cell death
detection kit-POD+ Roche (Mannheim, Germany)®]|
A FASFAT Western bloto] AFESH S-S Cell
Signalling Technology (Beverly, MA, USA)ollA <
SkeiTh
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SUS o FuskAny. 94 AR d F2 A
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ZH(GFE), Z*+ A AHGFE-Ginger, GFE-G), A} 2]#}
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145 £ 0.78%, 149 + 0.24%, 149 = 0.86%%tt.
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3. AlzEufF

PC12 cell® American Type Culture Collection
(ATCC, Rockville, MD, USA)ellA Fstglom 37C
9 5% CO, Z7A 10% FBS, 100 units/ml
penicillin®] 7} DMEM/F12 8ix]ollA HiFstct.
A= 100 mne] viFEAIONA 80~90% F=2] confluence
of =gotes At st 15 passagesE @714
-2 At Ago] o]-&staitt.

4. MTT assay

PC12 cellol GFE ZZ} 50 ug/mle] HXL= 24A17F
HAA At (BHP (500 ¢ M)Z 3AIZF o AIZE AT
Skt HiFHiRl= Aofial PBS= ARt A2
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MTT (0.1 mg/m)OA|FE Azt A% formazan
crystals& DMSO®]| =] Titertek Multiskan Automatic
ELISA reader (Model MCC/340, Huntsville, AL,
USA)E AH&ste] 570 mollA S3=E S4strt. Al
EAELL control cellof] Higt WEgZ LFeRy
5. TUNEL staining

TUNEL M2 /n situ cell death detection kit—=POD
(Roche, Germany)E AHEst] A|xARe] ZHof what
AP o, TM71 A2 = 3,3 -diaminobenzidine
tetrahydrochloride (DAB)& AM&-3I4ITE.

6. Western blot

A7 B3 AlZE  radioimmunoprecipitation
assay (RIPA) buffer2 4TCoA 308 SOt lysisAl#
whole cell lysateE FHISHHL, & EEE2 AlEE=
nuclear extraction reagent (Pierce biotechnology,
Rockford, 1L, USA)E o]gsto] FH|st%h a4
2F2 BCA protein assay kit (Pierce biotechnology,
Rockford, 1L, USA)Z2 AASFAL 30 ug/laneo] Tl
4 o2 10% SDS-polyacrylamide gelollAl 719
kATt Gel A2l T A-S nitrocellulose membrane
2 Aolstar, dAFA B o|AYAE HHAIA = o
< enhanced chemiluminescence (ECL) reagent (Pierce
biotechnology, Rockford, IL, USA)E Ah-&ste] &<lIsh
et

7. Reactive oxygen species (ROS) £4

Wdita 9 IpdRkAet HkgSte] dichlorofluorescein
d3S AASHE DCFH-DAE o]&35ko] HlZE Y ROS
E B4 Silth AArr =" AlEe] 10 M
DCFH-DAE 30% &<t @MAI7|1, J mola=E
Ho]E =7]|(Biotek Synergy Htx, Winooski, VT,
USA)E AF83}o] excitation 485 mm, emission 530 nm
oA FFREE SH5HATt

8. Glutathione (GSH) &4

GSH +4& s A7t g=5d Az
metaphosphoric acidE F7Fslo] 83l &, 4 Ee
(3,000xg, 4T, 10&)sto] d5dE 3ottt A
B2 GSH determination kit (Oxis International Inc,
Tampa, FL, USA)E ©]&5to] 405 mm wpgolA 3=
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Fig. 1. Effect of GF on tBHP-induced cytotoxicity in PC12 cells. (A) PC12 cells were incubated with GF (50
ug/ml) for 24 h, and then the cells were exposed to tBHP (500 #M) for 3 h. Cell viability was
measured with MTT assay. Values are expressed as the mean + SD. The different letters (a—c) indicate

significant differences (p < 0.05). (B) Apoptotic cells were confirmed by TUNEL staining. The images of

TUNEL positive cells were captured by a inverted microscope (100x). Arrows indicate TUNEL positive

cells.
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Fig. 2. Effect of GF on the
of expression of the apoptosis marker protein was monitored by Western blot analysis. Actin was used

expression of apoptosis—related proteins in tBHP—induced PC12 cells. (A) The level
as a loading control. (B) Quantification of the band density of the blots was presented as a bar graph

with fold increase. Data represent mean + SD and different letters (a—¢) indicate significant differences

(p < 0.05).
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NZAEARE =3 (BHPE §7] A4 Al
o] A5} AEHAZS g0z GFo AANE HE
a7 ROSE A AR yehd=r] XA
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160 -
140 -
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(% of CON)

Alstel ROSE S4% A3, tixwtol HIste] ROSO
Ao] 76ttt GFE AA A5k tBHPO| k&3t
S wi= ROSO Aol FostAI(p < 0.05) ZAH AT
(Fig. 3). o] Z23= GFS ROS 94 qiprt REZH o

= QA EAEAL] TS HolErh

100 -
80 -
60 -
40 -
20 A
0 -

FE GFE-G GFE-A

tBHP (500 pM)

Fig. 3. Effect of GF on tBHP-induced ROS production. ROS level was detected using DCFH-DA, which emits
green fluorescence in the presence of ROS. Fluorescence intensity was expressed as percentage of control.

Data represent mean * SD and different letters (a—c) indicate significant differences (p < 0.05).
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Fig. 4. Effect of GF on tBHP-induced GSH depletion. GSH contents were measured in cell homogenates as

described in material and method section. Data represent mean

indicate significant differences (p < 0.05).
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16 -
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;.3 10
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2 a
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CON GFE GFE-G GFE-A
tBHP (500 pM)

Fig. 5. Effect of GF on Nrf2 overexpression. Nuclear Nrf2 expression was measured by Western blot analysis

after 24 h incubation of GF and 1 h exposure of tBHP. Lamin A/C was used as a loading control.

Quantification of the band density of the blots was presented as a bar graph with fold increase. Data

represent mean + SD and different letters (a—b) indicate significant differences (p < 0.05).
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Fig. 6. Effect GF on phosphorylation of MAPK. Expression of phosphorylated MAPK protein was monitored by

Western blot analysis after 24 h incubation of GF and 30 min exposure of tBHP. Quantification of the

band density of the blots was presented as a bar graph with fold increase. Data represent mean + SD

and different letters (a—c) indicate significant differences (p < 0.05).
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