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PKA JE W) (substrate) —#T . CREB —#$i, £ [H Cell
Singal Technology /3 7l ;p-CREB(Ser133) —¥t, [
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Jo, A & A 200 wmol/L ) B2 5 Bl v W, 5 H
24 ho 3% K B IR W, A TG E B 3R WG
5 wmol/LIRAF W ,37 °C K5 3% 30 min, JH PBS ¥t
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1.3.9 PKA/CREB/BDNF 45 % i % /& M 4ol
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M1 h, B4 50 A — 3T p-PKA substrate (1 :
2000) .p-CREB(1:2 000) .CREB(1:4 000) ,BDNF
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AR KA, ok /R BAREE H 35K, i
173 WPATEE S
1.3.10 H89 [l 53

PC12 2RI AR 5 o RS 57, INA &4 10 pmol /L
(1) PKA #7150 H89 Hy2s FIG TR AL 1 h, fIIA
R R 75 150 wg/mL IRk Z B, B ik R4
H89 FHIBr A2y 4H 5 12 h, FIRRFEW, INA S
200 wmol/L 1Y Jz BT 4% 52 W, W% & 24 h, it MTT
D E BHWT PKA 5 A AU T35 55 A o 2 iR 5 R
100 pwg/mL MIAZBEZ By, A AL 3 )73 5 MTT 75 4H
M, >R FH 2 g 8 B3 0k DU 5 BH W PKA 5 11

120 140

PKA/CREB/BDNF {5518 5t
1.4 HEE

K GraphPad Prism 6 3\ 7434, 45 R LS
{H + PRUfER2E (SEM ) IR, BB 25 R 2= /D ik 47
3UCFATILR, 240 IR] LR FH LR 5 2273017 (one-
way ANOVA) , 2H [B] W5 % L5 T Dunnet ¢ 650, P <
0.05 FRLEFBE P<0.01 FREFHDBE.

2 ZRE5HMH

2.1 kS BRI E X ERIRFESH PC12 4 Aa
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ST R G0 PC12 20 i 45 475 455 25 | A 4B
ESWAIR IR =IRY ¢ & ¥ S D DN L L v K1)
RA, SR B 1, K1 (a) AT, B2 5T R A
FH 24 h JERERE R RO ME LA S PC12 4035 1 R%
i, 200 pmol/L J7 AL B Y PC12 4HAETE /1 T B
XTI 60% 247 (P <0.01) ,1& H I TR E
FHEGTEAN o PRI B 8 S 12 o TR 4 5 448 A 78
25420 200 wmol/L 2 JEERAEF 24 h,

TERZAR Z Wy R4V ] SESaAiT, SE8 S5k 2 1
XTIEH R0 PC12 4 sgm, f & 1(b) Al L,
bk £ B (50 75,100,150 we/mL) /EF] 12 h %t
PC12 43 3 JCHA S 52, i v vik B2 i A% Bk 2 1
(200 pg/mL) ' EREAL T 40 ML 16 71 2 80% A4
(P<0.01) ,$2/RiZHEXT PC12 UM 164 3,
IEHEH] 50 ~ 150 we/mL Fl A TR VEFSLER, H
B Ce) mT 0L, 5404000 40 MO A L, Ak 22 1 10 4 34
12 h, B 8w TR EE S B PCI2 40 i S A
(P <0.01) A%HBkZ W it & W BE R 150 wg/mlL B 1Y
PESCR B 3 (P <0.01) . FET- 4035 J7 4%

120 O R4k 40
< 100+ < 120+ < 100 H O > Bz J R A P40 IHE
g PPN 8 #H
R gob _RIOO , R gl #HH
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E T E
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(c) Bk Z2 Bt B B B )
PC1241 M3 3 152 05

o 7RG AU IR MAR L , L AR AT 03 22 57 (P <0. 01) ;#4307 5 (U T AL A AR L , 2H TR1 R R I i 3525 5+ (P <0.01)
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Fig. 1
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Effect of walnut polyphenol treatment on viability of corticosterone-treated PC12 cells
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FH AR | R e TR B AER A RO i 75 pwg/mL
F1150 pg/mL JF AT,
2.2 kS ERTEE X ERERESH PC12 44
AT .LDH B K5 E F&EMF
R Tk — 2 P Rk 22 B B 5 R 4 45 1
PC12 20 B L& 47 4F L %8 4% Bk 22 T % 4 Jif O
T2 A0 A LDH R & R 20 i PN 45 2 1 vk R Y 5
M), SCERE5 R ULIE 2, SR Hoechst 33342 (A ik
T T OULEE A L 2 65 5T Y 228 A6 PE O 40 A O T O
Bl 2 (a) FIRN  IE 85 40 Bf 52 R 38 SR (2
o, I MIAZ G548 TE 1 5 K BT R A B IS 248 A% 40 4
guta A e R, BRI AR R TR A R

() 41 B K AZ 451, PT ik A DNA 7R ¥R 41 66,96 | 3R
FEANNEL DNA gk PI Jefa | S5 20 58 675 .
150 pg/mL B Rk 22 By i i 28 5 4 6 4% 4 8 5B
AIEF AL, U8 1740 f %5 i B B FE A, LDH ) f#
FET 45 Tl 20 B v, 4 40 i 58 A 71 5 38 5% 37 451 A
LDH stk 235 72 5, B 40 g b LDH 7K 7 2
YA AR AR . IRl 2 (b) AT, B 5T Ak
FHAY AR M K% 32 W, LDH 7K F 8 25 T 2 %) B 21
15524 (P<0.01), kMt il)E 2
HIEMNT LDH MR, [RIRE A A% Bk 2 1 T Ak 34
AR T rh B IR S SO0 A0 P9 S T KO T
[ 2(c) ] X b2 ik — 20 Uk 52 T % Bk £ B %t

SRS EOSOE I TR T A B £ i B e B OE T 40 i PC12 Hfa iy R4 1EH
O A A b FE 41
PRk Z ;) PEHEZ ) OO Bz S Ak P4
RAFAE A 75 gl 150 gl s 160 ##
H 120 AR
210
TR 5 60
& 40
E 20
% 0 75 150

Bk LE

(=) )6 22 1 TOURE 7 X B ORI Ak 94 P .1 2.4 L 181 7 14 39 Wi

p(ZW)/ (g ml)
(b) LDHBR IR
O kAL 2
00 A s PR A 240

fiaid
i 120 ok
_, 100
< 60
40
- %20
m| .  —L—L
= 0 0 0 75 150
i

A5 T AR R %
®©
[=)

p(ZH) (ng-ml™)
() P58 Tk

#ITR S AN BT L , 4 B BA BB 255 (P <0.01) 5 o Fon S0 BRBRAL BRAR AR LE , IS B iR 2325 5% (P <0.01)
B2 bk 2 1 0T 5 % K B AL R PC12 AR T | LDH RS 8 -5 H (1 5% 1]

Fig.2 Effects of walnut polyphenol preincubation on apoptosis, LDH release and calcium ion concentration

of corticosterone-treated PC12 cells
2.3 ZMSETMEXERERFESH PCI12 44
PKA/CREB/BDNF #%% 371 B H % 1D

PKA S5 CREB B fb %) 3£ 22 T Ui it , ml
7S CREB BERR AL 1S CREB 4 S 1055 S5 1
AWFFE R, N PKA SRR ALY B Ak R PKA
R 3 S VoL e gk UL R 3, Western blot 45 R
[ 3(a) ] 0T, B2 B AL B 5 35 PR AR T PC12 4
PKA 8 PR A6 IS #3235, W0 il PKA W36 P (P <
0.05) , MM Z W (75 150 pg/mL) &b 3 & %
PC12 4/l PKA &M, JF B 3& W CREB Serl33 {i
HABERRALACE[ 18 3 (b) ] SR 785 1 BDNF 1

KIB(P<0.01)[K3(c) ], KLELRERY], HZ
fy A BRI 2% FE T PC12 40l PKA/CREB/BDNF #i
LB SR X 5 R ST 4SS A — 2, T RE A
W22 B e T B o Bl 4 %) E AL
2.4 PBEET PKA &M%k & B 0F & 89 KRR
5 PC12 4RI NE

P Rk 2 B AT B 2% T PKA/CREB/BD-
NF 5538 % 3L fli b, 0 PKA 5 SR i 551 H89
(10 wmol/L) FiALFE PC12 401 1 h, WSSk £
XoF 2 B 75 5 1 PC12 41 i 3% 7 19 52 i R BE 0 24
F L aE R ILE 4, B 4(a) Bon, g H89 4b
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p-PKAJEY) PR p— p-CREB(A3 kDo) s S s — BDNF(28 kDa) s s -

(%45 50 kDa
B-actin (43 kn;,; [ — CREB(43 kDo) e s smmp ey~ £-2c1in(43 kD) s s s s

=12 1.2 12
g 10 210 10
B 04 Z =04 ZZ 04
) *éo.z *80.2
2 9 0 0

150 150 150

P<§@ﬁ>/<ug mL‘> p(éé%)/(ug mL*) p(é’l@})/(u mL—1>
(a) B%BE 2 By X p-PRANSHG 14 1 52 10 (b) Bk 2 B % p-CREBF 35 f A 52 1 (c) HZHk Z W X BDNF 2R 34 i 1 52 0

CUoAARAE AN AT O BT A BRANAT , #5878 5 R AL PR AR LE | 41 1) B8l HLAT (35 22 57 (P < 0. 05 ), ## 7R SR AL PRANAE AR 1L,
AL HAT 3 22 5 (P <0. 01) 5+ FoR 5L RIAL BRANEAR 1L, 21 1) B0t BT 35 22 57 (P < 0. 05 ) , s s 15 (LB BT Ak
BRANMIAN L, ARV EC HA IR 35 2257 (P <0.01) .

B3 Bk B AL LY PCI2 41/ PKA/CREB/BDNF 22 37 {5 53 B 1 52

Fig.3 Effects of walnut polyphenols on PKA/CREB/BDNF neurotrophic signaling pathway in

corticosterone-treated PC12 cells
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. prved S8 X
Gl By, g —
R 80
o . " Q& gk 212
: 23 04
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0 L 2
0 0 0 75 150 75 150 0 100 100
p(ZH)/(pg-mL™) p(%ﬁ%)/(ug mlL™)
() BELBSY PR A i 5 6 PC 1 240 A 000 (b) BHITPK AT 65 % p-PK A 43 e T

p-CREB (43 kDx) [ A S BDNF (27 kDa) _
CREB (43 kDa) [N S . B-actin (45 kDal

- 12

T =10
- 3 § 08
L K06 &
]
\ X Z 04
EQ
L £02
0

0 100 100
P(%@ﬁ)/(ug mL‘1> p(%Eﬁ)/(Mg mL*)
(c) BHWTPKAJE 5 % p-CREBZ 34 5 (1 5% Wi (d) FHIBTPK A P4 )5 %t BDNF 1 & ) 50

O A AL AR A, T B Jo ) b 2240 ff IR Bz S5 5 HR9 LA B4, EA0 A H89 AbERANL , ##37R 15 AAL B M AH LL , 20 ) 5o dfs AT
Wl 225 (P <0.01) 5 * /R 50 B BTk BRAIAR HE , IO HAT B 22 57 (P <0.05) , #x FR- 5 (B ST b BT MI AR 1L, 41
(i) Bt HAT A .35 22 5 (P < 0. 01) 5 & 7R 5 [l S5 570 o 2 1y b B AT MO A L , 4L 1) i BAT R 22 57 (P < 0..05) , && oK 5 IR 5557 1 2
oAb ST LA L, LI B HA A 3 22 5 (P <0..01)
Pl 4 HB9 Tilh HiJS Rk 22 Wi e SRR b FE () PC12 40 J1 Al PKA/CREB/BDNF {55 3 B 1 5% 1
Fig.4 Effect of walnut polyphends on cell viability and PKA/CREB/BDNF signal pathway

in corticosterone-induced PC12 cells
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S

FHXT IR
(p-CREB/CREB)
oo oo

SN BN 0O

BEANFZ M PC12 ARG /7, 1 H89 FiiAkb #LHGH T fLIEY) WilR 1k CREB fil BDNF ik il:iFWEFFJi’«‘J
k2t (75,150 wg/mL) B9 40 M O 974 I [m] IR B[ K 4(b) . (¢) . (d) ], BFRE
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Mechanism of Walnut Polyphenols on PC12 Cells Injured by Corticosterone

ZOU Cun’en'?, LI Mengxue'”, WANG Ke'?, LI Ming’, AN Lei"", WANG Yousheng"* "
(1. Bejjing Advanced Innovation Center for Food Nuirition and Human Health/Key Laboratory of
Geriatric Nutrition and Health , Beijing Technology and Business University , Beijing 100048, China;
2. Rizhao Huawei Institute of Comprehensive Health Industries, Shandong Keepfit Biotech
Co Lid, Rizhao 276801, China;

3. Department of Clinical Nutrition, Dingzhou People’s Hospital, Dingzhou 073000, China)

Abstract: Walnut polyphenols ( WP) is an important bioactive substance in defatted walnut and has

important development and application value. In order to evaluate the antidepressant effect of WP on
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explore the inhibitory mechanism and structure-activity relationship of flavonoids on a-amylase, the types
of inhibition, fluorescence quenching properties, conformational changes, binding force and binding sites
of three flavonoids (rutin, quercetin and kaempferol ) were investigated in this study. The results showed
that kaempferol had the strongest ability to inhibit a-amylase and rutin had the weakest ability to inhibit
a-amylase, respectively. The inhibitory effect of flavonoids was attenuated by glycosylation at C3 on the
C ring and hydroxylation at C3” on the B ring. The quenching affinity was enhanced by a glycosyl group at
C3 on the C ring and weakened by a hydroxyl group at C3” on the B ring. Hydrogen bonds and
hydrophobic interactions caused the spontaneous binding between the flavonoids and o-amylase, which
changed structure and hydrophobic microenvironment of a-amylase, and inhibited a-amylase activity
effectively. The purpose of this study was to provide theoretical support for the development and

application of hypoglycemic foods rich in flavonoids.

Keywords: flavonoids; a-amylase; structure-activity relationship; inhibition mechanisms; molecular

docking
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corticosterone-induced damage of rat pheochromocytoma (PC12) cells by cell viability, cell apoptosis,
leakage of extracellular lactate dehydrogenase, and intracellular calcium level, and investigated its
mechanisms by western blotting. The results showed that WP (75, 150 pg/mL) pretreatment could
protect cell by significantly reversing the cell viability decrease, cell apoptosis, LDH release increase,
and overload of intracellular calcium in PC12 cells treated with corticosterone. In addition, WP
significantly increased the activity of cAMP-dependent protein kinase A (PKA), reduced the level of
Ser133 phosphorylation of ¢cAMP response element binding protein ( CREB) and the expression of
downstream target protein brain-derived neurotrophic factor ( BDNF ), which were decreased by
corticosterone treatment. Furthermore, pretreatment with PKA inhibitor H89 abolished the protective
effects of WP on corticosterone induced PC12 cells, indicating that up-regulation of PKA/CREB/BDNF
neurotrophic signaling pathway was required for WP neuroprotective effects against corticosterone. These
results suggested that WP might have potential antidepressant activity and be an important material basis
in the antidepressant effect of walnut diet. The cytoprotective effect of WP on PC12 cells was related to
the up-regulation of PKA/CREB/BDNF neurotrophic signaling pathway. The research results aimed to
explore the potential antidepressant activity and mechanism of walnut polyphenols, and provided

theoretical reference for the high-value utilization of walnut meal.

Keywords: walnut polyphenols; corticosterone; PC12 cells; mental stress; neurotrophic pathway
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