o [ Y E 25 A 2k 2020 4E 11 45 40 %45 11 1) CJITWM, November 2020, Vol. 40, No. 11 -1373-

- bR -

Sk T — iR 6 3 28 R BRI K
75 L, BDNF . TrkB 1% 520
EFAY MEE' ZRA™ ERFH? O EEIERT R H?

WE B HTEAM—BRRRY (TIM) s %% K Rikde bt H R s LA L80F IR WA 255K T
( BDNF) A= B4 2,82 % B B(TrkB) Ak ey %wm, Fik 354 SD KR 30 RMEALH 4 3 20, sh il A 4
TTM 48,428 10 R, #8 4 TTM 48 % F 24 100 mg/kg D-F¥ 548 s BALEHF T AR LK B, TTM
20 100 mg/kg TTM # B I Rafe i WM §F 5T AR ER H8 11,5442 6 &, Morris K& F
P 25 I 3K K Rk gm b 1, TR KA 2 40 220 A8 A AL B (SOD) #& M e 5 — 8% (MDA) 4% HE # &
WG A F T, pE R I e Aih Z T4, Western Blot 4l 4 5 2127 19 BDNF #= TrkB & & & ik
HE LRl BAMK Rl TR, H L8 A SOD T % (P<0.01) MDA 424 % (P<
0.01),8-OHDG rait %k i.3% % BDNF . TrkB % p-TrkB & & K-F 3 BE4&(P<0.01), H&EA ok TTM
FFe K RihFnh fe i & i L 2022 1 SOD # M3 Am ( P<0.05) , MDA 4% 1% ( P<0.01) ,BDNF  TrkB
% p-TrkB K-F342 5 (P<0.01,P<0.05), %t TIM THEZX K RiAfe il TivbsRSEL4
22 79 BDNF #= TrkB k& 3R AN A £,

KEEW KTk, XL WAERAZERAT; BARLE TR B, ALK

Effect of Extracts from Trilliumtschonoskii Maxim on Cognitive Ability and Expression of BDNF and
TrkB in Hippocampus of Rats with Aging WANG Zi-li', CHEN Xian-bing"?, WANG Feng-jie'*,
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ABSTRACT Obijective To explore the effect of extracts from Trilliumtschonoskii Maxim (TTM) on
the cognitive ability of rats with aging and the expression of brain-derived haurotrophic factor (BDNF) and
tyrosine kinase receptor BC (TrkB) in hippocampus. Methods Thirty male SD rats were randomly divided
into three groups, i.e., the control group,the model group and the TTM group ,with 10 rats in each group.
Rats in the model group and TTM group were administrated with 100 mg/kg of D-galactose (D-gal) subcu-
taneously in the neck and back every day,and with the equal amount of normal saline (NS) in the control
group. Rats in the TTM group were administered intragastrically with 100 mg/kg of TTM once a day,while
the control group and the model group received equal volume of normal saline for 6 weeks. The cognitive
ability of rats was tested by Morris water maze. Morphological changes of hippocampus were detected by
HE staining. The DNA damage in hippocampus was evaluated using immunofluorescence staining. The ma-
londialdehyde (MDA) content in hippocampus was determined by Thiobarbituric acid method and super-
oxide dismutose (SOD) activity using xanthine oxidase method. The expression of BDNF and TrkB was
tested by Western Blot analysis. Results = Compared with the control group,the ability of learning and
memory impaired ,the SOD activity decreased ( P<0.01) and MDA content increased ( P<0.01) ,the posi-
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tive expression of 8-hydroxy-2-deoxyguanosine (8-OHDG) elevated, and the levels of BDNF, TrkB and p-
TrkB in hippocampus tissues in the model group significantly decreased ( P<0.01). Compared with the
model group,the cognitive ability improved in the TTM group, SOD activity increased ( P<0.05) ,and MDA
content decreased ( P<0.01). Moreover ,the levels of BDNF, TrkB and p-TrkB in the TTM group significant-
ly elevated ( P<0.01, P<0.05) compared with those in the model group. Conclusion TTM could signifi-
cantly improve the learning and memory dysfunction of rats with aging caused by D-gal,which might be

related to the increase of the expression of BDNF and TrkB proteins in the hippocampus and the enhance-

ment of antioxidative ability.

KEYWORDS Trilliumtschonoskii Maxim; aging; brain-derived neurotrophic factor; tyrosine kinase re-

ceptor B; oxidative stress

WS AL B IR 2 HHR L, 2
A N ERA™ 5, R 5 E B R rE g ik
EEBONFILIL A8 7GR & 5 2 B I R R 2
—, MR Eh 5 A A ) e B AR 5 2 2] 0 A B fig 2% YDA
5%, HL B s = d 20| B RN R B 24 Y BF 5 4R
s MR #2258 5 T (brain-derived neurotro-
phic factor, BDNF) 2 8 % 45 35 [ 7, Al 45 55 vk 4%
A H 37 R S R I i B (tyrosine kinase receptor
B, TrkB) &A= 500 , anfie i 2 4 e oAk 8 1 28
it PT S PE RS R T I D b 28 0 1 2 I P e A
REEINER NGRS 5% N D Re AT A G
PRI Ay o 23R A TP B T 9 1 T B4 A

Sk T — 51 BR MOFR M HE W% B ( Trilliumtschonoskii
Maxim,TTM) , 25 SRS H i AN R 2
BSR40 R A 4 TR N - 50 s IX < K o
72— R M A /INEE, R AN T
RAEGAA TR, HRiCA Bk 25T &3 24
YU & D7 A BT R0 BT KB TTM A 45
£ P A, A HAE AL R IR, A
WK D-2EFLHE 5 K B BB R, WA TTM X
REINHI)BE K D 2021 BDNF 2 TrkB 4 &3k
FIREIA , TRAEETT AR FABLE , S H L PRI & R 3 AL
AIHE I SR

B 7%

1 ¥ SPF 2tk SD KR 30 H,6~7 J4
W% AT R 200~ 250 g, Hilldb & S2 s sh b R,
YAl . SCXK (%F) 2015-0018, LI shi i 7236
el 20~23 °C AHX I (50+5) % , H AR 2B 25
T (12 hA2 h) e mRERAEGRDEL B S OK &
RPEMEFRT K, AL g Ib R AR 2R By & o
#rilfad [ No.(2016)012],

2 2y AR BALES 25k SR 1 AR 1l i

JERER B2 500 % 28 TTM, WM G,
JH 65 CIETHRAR T ik, 75% IR IR i i s
A, o P8P B I e A T A A5 B E Y R Y s n
XK R H) 58 AV i, PR HIK A AT By 1E T B AR
BB ol R AR ARSI B v SR O 12, 41
mg/g 2,

D-2E3L B g 1 25 B Sigma ik #F A Al it 5.
G5388;B-actin (45 . AF0003) & p-TrkB ( Tyr817,
5 . AF1963) Btk B I Beyotime /A Al ; 8- 3
i 48 % # (8-hydroxy-2-deoxyguanosine, 8-OHDG,
it . ab48508) . BDNF ( it 5. ab226843) & TrkB
(415 :ab33655) HLik Iy F 35 [F Abcam A ; i 4E 1k
Yy 5 4k i ( superoxide dismutase, SOD, it 5.
A001-3-2) N % ( malondialdehyde, MDA, it
51 A003-1-2) UG T g s R TR AT,

Morris 7K B 10 s AU 7 [ BE 2B B 254
WEFE T s Uk 2B Wl A S5 [ Bio-Rad 2w 5 9t
{45 (Eclipse 80i) Ity 1 H A Nikon A+l ;4 H shfk
KCEIUZE 0 248 (Tanon 5200) I [ L ifE K BER} 2
YN8

3 W SR T U SRR R H bl
MU RIEE- 25500 3 2 X B4 A2 TTM 41,
R 10 H, BRI K TTM 41K RTS8 F 4t D-
7L (D-gal , 100 mg/kg ) #EATRERR S Xt HE 20 e 2
G R UK BRI TEBDYRIFR, TTM 40K
B DR T 4H S 50 JH 24 1 (100 mg/kg TTM) 47
B2 Y T A (60 kg ) YR 2E 25 1 fi R R
(9 g/d) s KT A1 S s 72 21 1 A5 i AR LR K, B H
1R, LT 116 .,

4 KadE bR KTk

4.1 Morris JK#E  FSCHR 5% [ 10 ] #4711 %%
SEOG , RS 36 H PR F 4T84 5 H B9 b g 73k
55 R AL 23 R 05 R 7058 = R BRI — B AIK



o [ Y E 25 A 2k 2020 4E 11 45 40 %45 11 1) CJITWM, November 2020, Vol. 40, No. 11

-1375-

FIKF1HT 0. 5~1 em [ BB #6 A= 15, 8 R BRI [a) 3t
REST IR HR BRI G T (B2 if ] 60 s) , KT
SRk B8 K 1 5 2 N 48 T80 & 1 S r T B R
(HEBERE IR ) . 56 41 HRBURE 56 42 B 1725 (0)
PRE L - & R KR 60 s Yz B 4T
IESR T G TR A 2 R B e (t,) 58
BFE] (ty ) I EEAE (% ) o

4.2 HAGEREMEA 5 42 BHERLRE R
J& , B HRKBAT 10% KA A T 4 mL/kg BEHREGE
TTRRBRALAE , RELLREMLERE 5 H 5T sk fii, 7 BEECH
B A LT B A7 -80 °C ;4 5 KoK BURREE IS $T 9T
W | ML IR ERE 1 37 °C Az BRER 7K 2 TR 2% A
A0 B TG I AR e 4% £ I S UROE v
30 min, MNAZUEIREVIRIG & T 4% 28 R
R 24 h KA EYI R 5 pm,

4.3 SOD iHTEM MDA & & E  HUF L4
SRV FRAE T 7R3 2 0% 0 BT . I EAR
PO 222 1 A ) MDA 25 i, FH B W 0 4 Ak il 125 A )
SOD i, SZEe™ 4% 2 MR S Ul B 5 A T4 A

4.4 HE Gkl g A2rE  AigEY R
RS IS HE JL 8, 15 min, BZEK B, SRR T K
346 5~10 s, SMEEIK PG IRIR AL TP S 3~5 min J5
MR IK P, T5% HAE VR 1 min L1 15 s, WL
FOKVRUE B CBEBK , —H2RE W B T5 R,

4.5 GREDSEYL R I T 4141 N 8-OHDG 1)
Fik  HHES S, SRR PUREE 5 min, 1iLiE 37 <C
£P7 30 min, /M 8-OHDG(1:200)4 CHFE 17, M
A FITC FRid i L =40/ N BRPEOE —ht, 5t 37 Crlt i
30 min ;N DAPI YL 37 CEOEHCE 5 min; Nt
VERE R FI )5 3 Wi, 8-OHDG Gy (a,af 1 TiF
HrifE heH 23 rh DNA SR i 5L

4.6 Western Blot il & 41 41y BDNF Fl
TrkB #ik M AUFRE 5, # B AE 1 mg H4UmA
9 uL ZHZI 2% 0. 09 wL & 1B 57 0. 09 uL
TR 410 1) 550 1) HE B E AT LA 3 ] R SR R LA
12 000 r/min HEEEC> 15 min, B W, il Beyo-
time BCA &5 11 ¥ B I 1K 7] 6 114 100 BH 2047 8 1 iR
FE R

il % SDS-PAGE #E it ( 12% 43 #5 IE, 5% Vi 4ii
JBE) , A B AR R R K, R TR 2 R AR AR T g
Marker $8 73 P I H A5 454 BT e X 30E e, 7% %2 PVDF
-, 5% Wi s 4 = iR B 3 W (#EIK$%5) , TBST
3K, Bk 5 min, —4i(p-TrkB, 1:2 000; BD-
NF,1:1 000;TrkB,1:500) 4 Cid7%, TBST &k, —

$i(1:5000) M7 3 h, TBST ik, Tk & i
W, FH Tanon 5200 &8 AR 2R 48 52 3 G it 0 i
H b 45 A I BEAEL

5 Guits i s SPSS 22.0 #1741 4
Br, LB 45 R Dixes Fon R 27 2250 B sl ¢ K 5
HATALBE, P<0. 05 M ERAH G FE X,

# R

1 Morris /KB AT AR R (B 1,8 1)

A5 2R K SR SR TR R U1 B I 5 R I iz e e 0, 5
Xt HAZH Heds, VIR 5 B i BRI 2 K AT 30 kR 473 1H
ZRL TG, b v AR st (1] B f S ( P<0.01) 512 B
A G BRAT ] (ty) A7 ] (t) B H(E D (P<
0.01),ZE B 1 & IR > (P<0.01), SHAIA LE
B, TTM R SRR B — 2 19 H b ) 4, 26kt 78 fR:
W45 56 ( P<0. 05) ;-5 42 FRAE B3 A i) ot s i ] £ L0 A
H4in ( P<0. 05) , 28 15 UCEUIRKE fin ( P<0. 05)

X AL

- X
80 - Hma
-+ TTM4]

R AR U (s)
S & 3

TTME

I} 1) (d)

VE: SXF B AL, ¢ P<0. 01; SRR 4 Heds, & P<0. 05
1 ENAAT SRR AR

R FHERERLEARILE  (Xxs)

2151 n ERiR =€ talty (%)

X} HE 10 9.5+2.95 39.04+10. 15
R 10 4.0+1.15" 18.22+7.31"
T™ 10 6.3+2.00% 25.35+6.42°

L S IRAL LA, P<0. 01; SR 4 [h#, & P<0. 05

2 #4140 SOD Jif M Al MDA &5 [ s
(£2) SXIIEALHE BRI K RIS 441 SOD
TEPEREAR ( P<0.01) , MDA & &7 (P<0.01), 5



-1376- I P R A S 2

7 2020 4 11 A% 40 £5 11 B CJITWM, November 2020, Vol. 40, No. 11

BRI LA, TTM 41K B 5 v SOD i P 5 ( P<
0.05) ,MDA &£k (P<0.01)

3 HAKRGLALIEE= R (K 2) XTR
HiF DML T B RS HEP Bk, MR FEE
TRLIHG s BSRUZH N A oot B HESZE L, it A & 2k, T
UL R A K 23 A TTM 20 P9 #2040 B B0 4 &2, 4
P 405 P e A R

K2 HKHMWGHHL SOD i A MDA &b (xzs)

215 n SOD (U/mg - prot) MDA (nmolL/mg - prot)
Xif 1 10 122.58+6. 85 1.66+0. 40

e 10 89.77+7.52° 3.95+0.27"

TT™ 10 100. 42+6.77° 2.16+0.40%%

TE: 5 % 4L W oR ¢ R4 BLAP <

0.05, %% P<0.01

P<0.01; 5 #&

Xof J 2 T 2H TTMZH

(x200)

(x400)

TE A AFSoR M2 It; AR 50 wm; 200 15K+
T HUSEARAEIAE R HOC I A T 141 400 A5 A 1115
2 HHEMHLEFILE (HE)

4 K KD 8-OHDG ik L% (& 3)
55X IR e, B 2417 E ) 8-OHDG FH 145 3k 4 it
B R 3 22 SO0 EERG I M TTM 380 AT REAIG BH
AR S A R P S SR R R

DAPI 8-OHDG Merge

o ---
- ---
" ---

1¥::8-OHDG (4 4) 1 DAPI( % €4) 43 3 F45id

DNA S Ak P40 0 i 28 A0 MO ; 21 €6 355 Sk AR BH PR 22k 11
T‘?%_E, HSW'“_K' 50 wm

B 3 K4 K BUE D N 8-OHDG 23k H# (IF, x200)

5 40 KRGS 447 BDNF fl TrkB £ik b

B(E4) S5 ad] g, R AL R R 5 BDNF
TrkB & p-TrkB & & w4 (P<0.01) , S
I, TTM 2074 TrkB .BDNF #il p-TrkB & |1 % ik
s ( P<0. 01, P<0.05) ,

A Xof i 25 R TTM4A

p—TrkB~ S— — 145 kD

X
B3 0 4]
BTTMHA

T A HEAFKAWE B HE A M R EG I E ;54 R
SH LR, ¥ P<0. 01; SHiRIZH [LE:, 2 P<0.05,%% P<0. 01
Bl 4 4540 K IS4 210 BDNF FIl TrkB %35 b

W@

Rt s AR R, 5 Kk 2% > 102 D g iR A3
KRR RR B2 | th 253 5 KR BN o3 7 3 2 T
B SRy 7 C s B O miIC &8 TTM 42
B EA PR P TR A RS ST T
IHERA L NPT RAL R R i R R al e
B HUCESATHIRAR K A2 ie2 /e ™ 4R, X
SOlfFY R EAEHTE TTM SR 25 B PEAVE Ry im,
M RN E R TG HER I TER

WRBENURN A B S5IE R AT P
AREREYE TR, TR A R R A T HERR, il 2H 21 40 g
PNFEAE I S A8 AR N 5 0, T RE 2 i il 2 > e A2 Yy fg b
MR 22—, D-gal {EH ] Bk N = A K H o L
AN, LA BHLREIGR 27~ e IIREREAIR,
PRI AT P AR SR AR A AR ™ AR ST
7 Morris 7KK B SEEG KN A& BX D-gal #58A FllkREvER IR
R 2 ALY 5 YRR B H AR BR8] 4



o [ Y E 25 A 2k 2020 4E 11 45 40 %45 11 1) CJITWM, November 2020, Vol. 40, No. 11

-1377-

S, 3K B4 U K R B S B 2 ST A2 D) RE R A 1
TTM AT 235 D-gal Frsipsin K R 2 > DR i,
RUNZAER, H TTM A BEE 8 R B T 1e I T
FIYER], SOD Rl BRI NI £ F H S AL Ak
MDA ¥t A] S WA P g e E AR ™ B AT
T IR SRR T I G A, R AR
BNV 5 RN DNA 24, i 8-OHDG 2/ AR)
DNA A1) 7 A i —FoRe S (0 AR b i, T
PR DNA SUALHEBG R B AR5 KB TTM
T KRG, T4 e D204 SOD i 1 3 5m i
BRI EERYRE 7 Rl AR T MDA &5 6 98 T 2HER
DNA EUbrER 1, B TTM A B i 8 b i = 3
B, AT REERCE R K RUCIZ I RERR A AP 2 —

VR 2 K P9 52 20 LA 3 VA S 1) T 4 AR
43, JE2S [HEAZTE WU B AE F AT RE X, 1 5 &0 A
I S 22 2 IC IR R, BDNF %
TEMFL S h X 242 2 48 (central nervous system,
CNS) &k, U H RN Tl gUh & d o 5 A el
LU AR, BDNF %08 i 5 HAs S 2 ik
TrkB 254G, (LR R AL I e shAi B 15 5 5 = R 15
A E Y A T BDNF B2 TrkB ke 26 58 3 fE S %
AR IS 2] 0 RS2 B, A58 & 8 D-gal ¥
Sar 51w K R D45, H BDNF TrkB & p-TrkB
FERREAR, 3 AT AR KR B2 2T 1 A B A 1) i ]
Z—. M LS 41410 BDNF & TrkB ik rl i it
whz e itEisE T & BNDF/TrkB 3 3% 1k vl B
7E CNS B R E R, AFRIR R TTM T
I TV Sh4H 2P BDNF Al TrkB g3k HiRE T
TrkB BERR ALK, PRI TTM 2k 58 32 K BliC A2 ks ]
fie 5517 BDNF/TrkB @ik A X,

25 LRI TTM B85 8 K R 2 20 IC s, il Ge
B T 2 2N P ARG Mok B m LR B S Ak g
J1, K b T 220N BDNF I TrkB 26325 8 ki 4% 4
M 5 56, SR, TTM 94 R o HLA 22 Fh 24 BT
PE, P B E NS 2k 200, I H Bk
ST UL A R T IRARFSE

Pl A AR AP A 4R e

2 % X #t

(1] BRER XIS, 22 f RIS BRI 5 T HisRms [ J].
I BE e B 224 2018, 43(10):1261-1265.

[2] B, skabE, 1R30, . AR TR B ST 2 KR
AR I Rz J2 R0 T 26 M IR R 1 R 58 o 200 R 1o 25 4
BRI [J]. T E PR 45 A 2k, 2012, 32(8):

(3]

[14]

(17}

1064-1068.
Lu B, Nagappan G, Guan X, et al. BDNF-based
synaptic repair as a disease-modifying strategy for
neurodegenerative diseases [ J |. Nat Rev Neuros-
ci, 2013, 14(6) ;. 401-416.
2N, RIEE, 25k, 4 SRR R AL SR A K 2
YERIRFFEHE IR J . R 1 5%, 2016, 27(2) . 71-78.
W, W%, BREZ, %, S8 L T—iEkn HPLC 457
SUAE S E R T [ J ] hiRh R 22 AR, 2019, 34
(12) . 5924-5929.
Wang LJ, Du JL, Zhao FY, et al. Trillium tschonoskii
maxim saponin mitigates D-galactose-induced brain
aging of rats through rescuing dysfunctional autoph-
agy mediated by Rheb-mTOR signal pathway [ J]. Bi-
omed Pharmacother, 2018, 98. 516-522.
TRIENT, A H . S U SR ECH X X S B M 22 DR B
IR R T R 5 R R BRL 2 1042 5 i Ak R 0 Y S il
[J]. "hEEAEZRER, 2016, 36(14) . 3362-3364.
WHLSY, EOCER, ARHiLL, % EEEHRY) T B DR AL
MR 2 R R BRI 22 09T [ J ). 2% 23R,
2016, 51(1) . 86-92.
PRI IS, dif s, BRit, &5, KT — BRIy %) D-gal
PR RN % miR-155-3p AU J]. i E 2y B~
iR, 2019, 35(12) . 1743-1748.
P, BEfh. st RO va i B TR R A 0 )
AE M B-TEMAE R BT [ J ], hE e R A G R
&, 2011, 31(11) . 1502-1505.
LA, BRZE, HAN. L T—Hizkxt D-2F2 s
AN BRI R [ J ] R B EE 25 20, 2013,
15(10) . 1-4.
WSCER, B, RO, AL Sk T — BB K R G BeT
IR BRI R R BUA D R R At ) R4 PRI [ D 1. rh
[E 25 P2, 2018, 34(9) ;. 1268-1275.
Cui X, Zuo P, Zhang Q, et al. Chronic systemic D-
galactose exposure induces memory loss, neuro-
degeneration, and oxidative damage in mice: pro-
tective effects of R-alpha-lipoic acid [ J]. J. Neu-
rosci Res, 2006, 84(3) . 647-654.
Zhang S, Dong Z, Peng Z, et al. Anti-aging effect
of adipose-derived stem cells in a mouse model of
skin aging induced by D-galactose[ J]. PLoS One.
2014, 9(5) . e97573.
TRMBEE, I, 8RB A S P ST e [ J ). MV =
2, 2018, 36(1) ;. 126-128.
Boschen KE, Criss KJ, Palamarchouk V, et al.
Effects of developmental alcohol exposure vs. in-
tubation stress on BDNF and TrkB expression in
the hippocampus and frontal cortex of neonatal
rats[J]. Int J Dev Neurosci, 2015, 43 16-24.
Tt Sk CARIZE & E IR EEXT HIBD KRG E CA1
IX 4 i 75 7 K% BDNF/ TrkB 3 % AH S 5 1 R [ D ].
MR . IRV B2, 2016.

(ks 2019-04-19  7FZk. 2020-09-25)

AL Gk . W7 T



