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BT ER A5 15 K &I 52 Hi PAERER £ Bede BN X Bl /RORSERARE /)N B
TAFRSEEH

ZEE, B O ERR B & o8 2
bR Ry hERs=pE, dbat 100029

H E: BH WAV BRI (ECS) XRI/RKEFIRAE (AD) BAEUNRAT Y LR H IR Rk 3
JIHA R AR A s AE LS. F53E R 8 Ji i AD 152 SxFAD i B[R/ ROWABL AL, 8 J b B 4= 28 C57BL/6 /N B
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FROF B RBREIN (P<0.05); BhE&RER, SXHBAtLE, S256 8 K12, BAIA/N R4 78Ok 1 H) 22 45
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Study on mechanism of action of Cynomorium on Alzheimer's disease based on
mitochondrial dynamics imbalance regulation

LI Xinjie, CHENG Dan, LI Lingling, SU Lei, LU Yi
School of Traditional Chinese Medicine, Beijing University of Chinese Medicine Beijing 100029, China

Abstract: objective To investigate the effect and mechanism of the effective fraction of Cynomorium songaricum Ethyl Acetate
Extract (ECS) on behavior, mitochondrial histomorphology and expression of mitochondrial kinetic-related proteins in Alzheimer's
disease model mice. Methods 8-week-old AD model 5xFAD transgenic mice were used as the model group, 8-week-old wild-type
C57BL/6 mice as the control group, and ECS as the administration group. After 6 weeks and 12 weeks of administration, the
behaviors of platform jumping, water maze and so on were detected. After 12 weeks of administration, the hippocampus was taken
and observed by electron microscope. Western blotting was used to detect the expression of MEN1, OPA1 and DRP1.Results The
results of water maze showed that there was no significant difference among the three groups after 6 weeks of administration, but
after 12 weeks of administration, the incubation period of the model group was longer than that of the control group (P < 0.05), and
the number of crossing the platform was decreased (P < 0.05). Compared with the model group, the latency time and the number of
crossing the platform in ECS group were shorter (P < 0.05) and higher than those in model group (P < 0.05). The results of platform

jumping showed that compared with the control group, the latency time of platform jump in the model group was shortened (P <
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0.05) and the number of platform jumping was increased (P < 0.05), which was similar to that in the model group. After 6 weeks of

administration, there was no significant difference in ECS group, but at 12 weeks of administration, the latency time of platform

jump in ECS group was prolonged and the number of platform jumping was decreased (P < 0.05). The results of open field showed

that there was no significant difference among the three groups at 12 weeks. The results of electron microscope showed that the

structure of mitochondria in the control group was clear and the crest was arranged neatly, while in the model group, the

mitochondrial membrane ruptured, the diameter became smaller and the cristac were distorted and blurred. Western blotting results

showed that compared with the control group, the expression level of OPA1 and mfnl protein in the model group was significantly

down regulated, and the expression level of drpl protein was significantly up regulated (P < 0.05); compared with the model group,

the expression level of mfnl and OPA1 protein in the ECS group was significantly up regulated (P < 0.05, 0.01), and the expression

level of drpl protein was significantly down regulated (P < 0.05). Conclusion ECS can significantly improve the behavior of AD

mice, and the mechanism may be related to the regulation of mitochondrial dynamics imbalance.

Key words: Cynomorium; Ethyl acetate extract; Alzheimer's disease; mitochondria; kinetic imbalance; MFN1; OPA1; DRP1
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songaricum Rupr. )T 1R 25, & F AT , R 1
FEHE , A, ST, HMET T, A R . BRH B AR
B A T A R D) . e R EE AT E A
RIS R MBI, BRI TR | i M (AR 45
RHUWBENS” REREL) 2 AR RNERYIG
2 IR B0 A 1 P b - S AT e T A . TR
R FE RIS, BBA & 2 s RSy, 9T 5
PR 245 BRAE FH S B AH O, 0 4% 24 B 22 00t 9T S 7, BB
TR0 2 B 2 B R PE I BL . B 98 K
B, B BH B B2 £ 18 32 XY (Ethyl acetate extract of
Cynomorium songaricum , ECS) Bg fi& 2F 2 i F A& A1
AL IR R Al G KO B S ST Rd iz R ), R
AN TTARYE
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disease, AD) & # 7K N H K& B ek A 5 T
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M2 TR R EF IR . B IR AW, A2
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SXFAD % B PR/ B CHE RO L ok B il B2 28 AW
BHEA R AR, LR A 7= VT IE S SCXK (F5)
2018-0006; C57BL/6 /N B , >k H Ab 5% 4 38 F1) 4 52 56
MPBEARA R AT, L8P A 7= HE S
SCXK(J)2017-0011, 74 B & 20~30 g, 5 &% M 3))
Wy o0 ] 37 A o ] 37 B R R B, SPF 43 5, IR
18~25°C, H B & MK, 2 B 22/ B A KR
L, S B ERL, JE e 2R 2
1.2 Z4&

ECS : H2 4f% A1 #5256, 84 BH AR - O T Jb 5 [J
&5, k5 701002539) 5 70% £ B LA 1210 1 BG4
BRI RG , 8 7 S E3 K, [ 7], A [l ik
i ELTGRER o N KV AR A T R AR S B E 2K
W, BB R O R BUKE T EAVLE 7
SAEES IR, A B IO S FH e i 28 IO KR 4
MAFFEECE N 2.36%. FR1F ECS N AR k) K , %
JR<2%, i K5y <12%. iz FH 8 i R v AH i/ 26
BB - L 3 E Bk v 2 R SO S ECS
RSy 214, 2 DL R &

1.3 EFZERF

LT BETR CW , 30 T A6 s e AR s
TNFFE BRA 7] 525% [ 4% 2 K, ¥ Tt
O W BAE IR A BRA ] 5 24k B B B EL )
. BCAEAZEERANE SXEA LFEZMR (S
DTT) . i 4% % 9 Marker . 4XSDS-PAGE ¥ 45 Ji5 2% i
i« 4XSDS-PAGE 43 1 it 28 10 15« 30% 25 1 it g 1%
W (29: 1) I B B 4% W PBS 22 i, 3908 T b i FE R
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it A= )RR AT BR 28 7] 5 Actin Antibody . DRP1 Rabbit
Antibody. MFN1 Rabbit Antibody. OPA1l Rabbit
Antibody « i it ECL 4% & Y61 , #114 T- Proteintech
O A s EF AR BAR B AR 1E 1L 2R 4T G 1gG L BUR g
PRl 2E B iR 1gG, 0 T b ol | s A YR A
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IR FLD s /ANRBE G Il R A AL R EZ K F)
1% 9} #7218 TEM-1400plus ( H A B 7 bR 4
) B Uk AX A% 155 X (Bio-Rad PowerPac Basic) ; [iff
Fr 4% (THERMO FISHER Multiskan) ; #E i % 1% %
45 (Azure Biosystems) ; 45 #1 K - (Sartorius
BP110S).
2 &
2.1 AR

xof B4 A B AR R CST7 /N R, SR BE AL 43 2 ok
SXFAD /N 73 NI R ECS 41, ¥ 08 8 JE s , R4
8 K. EMMELFE 1 G, ECS 4l ig 44 245 ECS 47 mg/
kg, IR B 2 W SCER™ , ot 2 AR AL 403 B ig 2%
AR K. 4h %56 JA A 12 JE 43 34T Morris 7K
RRENR GG S KW S 86 S AT N A TR
2.2 Morris7KiEX=E

AT PSRRI, BT 4 d N E SLAT S8R, 5
SRATRIRE L o 58 A ATAT S50 43 7 AR
B AR AEFI P AL 3 AN RPN IK R BEALION /N ER
B RIEAT 3K, C A4 R T & I (8] BJ 6 a8 78 AR
] . (R /NEAE 60 s A ARILEIT &, T EH S50 35
HEI &, KB RIIL 3N 60 s 25 HIHR R LI
TEEE S RIMET 6 AIKRUARIEER IR, id5% 60 s P
/0N B R RSP B B
23 NERBEEN

BRI G F A B B RRAR R 5 A
], FR oAy 8 4 2R T o 6 JE I A AT 3 HL R A
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B2 Bk 01 ~F 5 A — 1 H T 10 12 A A7 B TR T AN
ks Bk, B2 d, 55 1T RN ST, 2
RAMARBY B 1l 35% 1 KBk N sk & i 1) B Bk
G V8 R IR 1], 300 s P4 52 3 F o 10 TR B0 ED A R IR
$r, AU S B A0 A7 A A7 B TR AR O
2.4 HIHLE

/N BUBCE AR A Ak HERIR Rgiid %

H 5 min N B35 3, 05k AT B T BRI K AR
8 C=IR K L BN, | B 36 82 ok 4R 1 B 43
Sy CH AT B B HU T 1 em DA D, PLBE W52 /N BRUAE FE
TH .
25 HIRUVRSHENE

TR R G, /DR ip 1% K E L2 0.04
mL/10 g BRI J5 , A58 FH 0o JU B Y925 ] 2 i 4L 27, Pk
HCHS /N RO 23 B T F 4% TR R E 2 . 1% R
1% i [, A B VP RS i 7K , Epon812 M1 4 B Jlig L3,
i 2% @) e A CAL X J&a , BB V) F , FH e R XL
SR T B BR A XU , 7 TEM-1400plus i% 5 B85 T
MEEIHA e
2.6 Western blotting #&l DRP1, OPA1.MFN1 &
SRS

PEHUN R S A AT R R LIRS 4
R $ ORI Ul B R , JEH BCA VL AT R
H € &, Bl 10% 70 B8 R Sl 46 11, bk J5 kAT
SDS-PAGE H1 ik (75 V 30 min, 120 V 60 min) , i 4%
VEEE (180 mA 90 min, 0.45 pum FL#2 PVDF &), 5%
Jit A 25 W 4 P41 120 min J5 5% —$1 4 °Cid &, BT F 9t
&~ B-actin(1:30 000) .DRP1(1:1 500) .OPA1(1:
1 1000 \MFN1(1:650). X H 37 °CH# — %t 60 min,
TBST i ¥t 3 I H ECL A 2% KOG 2 (2 FF 30 AT Bt i
Wit% R G .
2.7 BIBZIHOR

H 00 45 5 241 5% F SPSS 20 B A 34T GE i 24 70 #r
b P, S0 K 35 DL ks R, 43 51 4T ANOVA H
R &7 25507 > 4k LA LSD #H 4T 2 FE LL .
3 4R
3.1 Morris 7Kk Z L8

25 2 6 JH I, 8 AL AT S5 I RN S TA) 4R &R S
6 25 R85 oR , 1Y 2H R ECS 4 5 0 R 4H T B
2S5 (H B 5 B2 B g, b e AR
WA K, A2 12 )5, 50 IR i,
H55 R0 2H /I BRVE AR I ) R 35 AE K (P <<0.05) , A
7P G B B> (P<0.05) 5 5B 4 L
B, ECS 40 /h B AR A B TA) 35 4 R (P<
0.05), H ZF i~ & R E W] S48 0 (P<<0.05) 5 X
AL ECSHL R LR E ER . /AN ECSH fg
XTAD H RIFMP/EH. W&,
32 kAL

SR IR, 256 I, 5XT A LR A4
Bk 5 78 OR 3 B 1) S 2 406 4 (P<<0.05) , HLAR R I8 B
FHN(P<0.05) ;B 5 ECSH LR EMEZE R
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*&1 Morris 7]<ﬁ§§2§%tb$’§(%i s,n=8)

Table 1 Comparison of morris water labyrinth(z+ s,n=8)

25 2w [A)/ . Tl &/ SR /s -
d (mgkg™") EADS H2R HIR HaR
42 paylicl — 54.4+12.6 45.8+7.9 37.4+6.2 13.8+4.3 10.6+2.0
it — 56.7+14.7 47.4+10.2 36.5+12.2 15.6+6.4 9.2+1.9
ECS 47 55.9+14.4 47.148.7 39.046.4 15.345.9 10.9+1.6
84 i HE — 50.4+8.6 38.145.8 19.8+3.9 10.1+3.7 12.8+2.6
LAY — 52.0+7.9 42.5+4.5 30.4+6.3 27.4+4.1 4.8+1.8"
ECS 47 52.1+4.3 40.3+8.3 22.345.1 13.4+2.3* 10.1+1.8*

5 [ B S R 2 B - P<<0.05 5 5 (A I S ASE R 41 EL S - *P<<0.05

*P < 0.05 vs control group in the same period; P < 0.05 vs model group in the same period

YR 12 I, 5 B Bl A, AR TR A B 5 T AR U B
B 445 55 (P<<0.05) , & i X B 3G N (P<<0.05) 5 5
FER A L35, ECS 4H Bk 5 78 AR T ] S5 3% 28 K (P<
0.05) , B 7% I B8 2> (P<<0.05) 5 1 4 B4 5
ECSHB /KL B ZR. WiK2,
33 HIZKIGER

SER RN AZ 12, o IR A I ECS 4
HEEES KT ES LHEEEEZER, /R
ECS Xt 5 4 £5 & B2 B A [ E0& 30 1 % 5.
W23,
34 HEREHER

FL 5 0 4% /D BRI T i 8 0 R R T A X R
A 4 s A 4 e T I S S R AR ALK, Ui HE ) R

%2 BLABRLB(1+s,n=8)

Table 2 Comparison of platform(x+ s,n=8)

FEM m  mewmems  ssnu

[a)/d (mgkg™

42 X — 262.0+32.4 0.6+0.8
it — 126.0+42.6' 9.843.3"
ECS 47 155.2+18.2 8.742.8°

84 X — 274.0+34.4 0.5+0.8
it — 121.9423.8' 10.242.3°
ECS 47 214.7+32.7" 2.551.4%

xR AL "P<<0.05 s SR HLAR - *P<<0.05
“P < 0.05 vs control group; “P < 0.05 vs model group

£3 W HRBERIE (r+5,n=8)

Table 3 Comparison of crossing and rearing(x:t §,1n=8)

21 53 KFE13 5 T E A5
X HE 58.5+4.6 28.5+4.6
i 54.846.0 24.746.1
ECS 55.8+3.7 25.8+3.7

T oA AT BT A 2R A A R L EAR AL /N U
H b ASOR , 2R R TR 25 LT 38 0 AN 7 5 ECS 4 2 i
PRI A58 AR T, 8 70 B 5T HH B S L AT A 2 R

ZaAEES. WK,

4, & 7 0

-~

ECS 47 mg kg™
INREPFBRENEER

Fig.1 Electron microscopic observation of mitochondria

o
1

o

in mice

3.5 Western blotting 45 5

SER R oR, 5 0 IEA LA, A A 2H 4 b A il
#H 9% B [ MFNI1. OPA1 ik /K & ZF T il (P<
0.05.0.01) s Ze KL 44 73 2L HH ¢ 5 1 DRP1 Rk /K- i
# Fi(P<0.05 . SHAIA E, ECS 4 MFN 1,
OPA 1 £ [ ik /KF & # i (P<0.05.0.01),
DRP 1 & FHRIEKF 5 E TR P<0.05. WK 2.
4 it

AD & — P b 2B AT PR , R I 1L+
Xf AD W& A S I RS T R R HIE S
Ik = A4 2800 A B 45 v I R 1) 7 . AR
WEFT , AD FIHRFAE 08 B2 25028 D B e M A 2 1 TR B
JH 4 PR A 2 B A tau 2R (O B R A0 R 1)
22 N ph 28 AT 4E G A HE 0T AD R 143
THLHIBEA— HAT LA 3 2 H 98 AD K4
REFABATHEI G 5 K, 78 BUE R A B 1T
UL 2 K& TOLF Y S5 T B 1T, M i 2 4
HIRERACIHRERT ROS A= SIS S, Ui IR A h
PRI RERRAT B S SR RT BE & AD T4,

ARLAARAE A A 32 L AL RE R BN A 4 B 2, 1
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it R ECS47mgkg ! A

B-actin 43x10°

OPAL - (90~100)=10°

MENL | e (| 9050°

DRPL | - - |80>10°
41 e
= A
3 ] SDECS47mgkg™ *
#m
P
K 2

OPA1/B-actin  MFN1/B-actin DRP1/B-actin
XA " P<<0.05 " P<<0.01; SR LK #P<<0.05 #P<
0.01
"P <0.05"P<0.01 vs control group; *P < 0.05 *P < 0.01 vs model
group
E2 MFN1.0OPA1.DRP1EBRIELER
Fig.2 Proteins expression of MFN1, OPA1 and DRP1

Z 4 ¥ 35 A D AR L AR A AU A & AR A g B .
IEEEOT, S M A, Zhifk il — R
F A BRI R A A R RS KA B S B SRR
17, LYERF A5 M Dh e IR, 1IX — i R PR 2“2k
PR F2 45 ” (mitochondrial homeostasis)'".  [F]H,
Lo iR T LT B B fihE R 2 S 40 M 2% 9 A DG 1Y
B ARG SE , DUARIE 26 R0 A4 IE o 3 47 25 T A2 #R I
e, X FR 2 A" 2R R A 1 5T & 4% ) " (mitochondrial
quality control, MQC) . L&A Wi fl & 173 2L,
P23 ) 3 SR AR i B, 24 B R AR X P T R ) KT R
17, o= 5| R L R AR T 25 BE L AH SCBAN D e 57
M 51 % AD Kl PRI S5 i o RIS, 4R A 1
Rl G A KT S AT 4 5 T 2 R AR IR T B A ME S
BB A, 3 T R i 2R AR PN IR A T S AT Z 4T

— NN, W S B W) E AR (1) ik 3 e A A
TR AR A B L ) MENT AT MEN2, BA K 53 #i T 2%
RLAAR P9 5 TF) OPAL L [H] 4%, 43 2 3 2 i DRPI1
VAR, RlE A4y SRR IR P AN B A A 3 [
LRI ) B AR R I

IR R G W, ST SRR X5 1 B G 2
BOAE , M MENT/MEN2 JROR 7 3 LR 3, 78
ATP K fife 7= A= e & 5 56 UM R & B8 5 , PARL

Mgmlp.Higd-1a &5 @l & #8251 7E B R -7 fi OPAL [%#
il R A T o S R AR, Bl Rl 5E R LA P I
AL BB 2 Ja I 2Rk n] DL A= 9 I RE
T BRI R R A Z G, RIUEBN
R 1) Fisl 55 2 Fh 4y 24F H N7 5 5 48 i Joit
Drpl AT 2o kiR 5 L, 4 3 [ 58 T 2 B AR TE oA
REEW AR U, DUZ W 2 e oy 24 . AR
M, N Fisl 3K 1% , Drpl K& K1 38 K & A2 0 &
N kAR S 7] 2 S R R AR T A
REFREMANME EML. B EKH, OPAL
MFN1/2 £ [ RIE B0, Rk k& 1 F 3 g, 4
TR A K T 2 2 4 =, ATP & St it . ATP ff
PEAS U, 2 2 8 OPAL R IA B , AL BEIR
1K 5 R Ol 2 R B I ATP B HUIRES
T 51 62— 2 51400 i 453 2k ) it

RIT 39T ) SEZBRHIF 7T 2R WA, 5B b 2 AR 9 I AT R
AR 3 W Ak B 5 0T 30 A I 0 A7 11 B 92
BEAT Bk, G157 T P 70% £ B KR RAE R, B
7515 h R B, (5 4 BH 3 W 43 R AL S
ERE S BWAT N AL B 5T R B, ESC 1
47 mg/kg FAll & T, 0l DU AR BB B3R ) n 12 s
77 T} 3K Pl o5 3 2 S0 A28 77, 78 53 40 (1 13 B sz 56
BRI (25 59 E OVX K BR/AM A =5 33 5 AR
RN HE— 20 PR SE™ >,

H A3 &% AD 5 A 55 4 HL A AL 1) 3 A
15, DR o AR S 0 38 B A% i S A SRR TR R BRI I
APP/PS1 AL /NG, & FE AR5 2L /N BRI 245 5
F T R BREAG S 2 R AE A2 I DG R . R FH KRR B R
P D 28 2% 23 18] 8 AL BE F7 , AR 45 1 5 2 Wik 18 3))
BE 1 RO LR s . SRR, A2 6 R, K4
TR 2R R 25 12 A G, BB /N R 2 ST R il
LI I SxT 4 ECS U R EMHEER,
i 0 B 2H 5 45 25 20 (R G 22 57, $ 7% SXFAD AR 24 /N it
TR 4 AR 2 54 4 L2 [Ad 2 b i 55 R 8L, [F)
27~ ECS % AD B REFIIFPIEH . Bk &L
SRR B 12 A5, SEAA LR ECS Hid iz
it 77 I 18] A B 35 2 K, 3278 ECS R AE H IR 9T 28R 75
T2 B[R], A R A T RE RS R L . e,
N T E B 25t /N B 3205 B R R, AR A
AT WSz, 45 B RN, ECS XN R H 335 8)
PTG B . 5, B2 H R A TG B R A BRI
/ANo RHE S B E N RIS CAL X HE T4
it 2R R 2, R B et R A L A, A Y A )N B
MRS O & B, EATE O iR, 1
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ECS 2H 8RR T A A A 205, (7] B H 30 /0 $i i IR
% . Western blotting &5 S ilF B, 5 5% R4 LA, A
R 2H 25 R A il & A DG 85 T OPA L Al MFN1 Rk = 2
NP, LRk 7 2O G 1 DRPL R G & B 3% I
Th SR 4 L B, ECS 20 28 R 44 b & A 55 B G
OPA1 Fl MFN1 R iIA & i 3 T, 4k 4r 2440 ¢
M DRPIRIAE R E T, 5L R,

ECS & 3 o035 AD #E 8L/ R AT 95, HLiil o]
e I T 2R AR B)) 77 A AR O

S3E Rk
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