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Abstract

Objective: Explain the intervention results of Danlong Xingnao Recipe on various indexes of rats
with vascular dementia at multiple levels, and explore the mechanism of Danlong Xingnao recipe
in the treatment of VD from the perspective of Notch signal pathway and its downstream target
genes. Method: In 60 rats, the VD rat model was prepared by modified bilateral common carotid
artery permanent occlusion (2-VO) and castration. The model rats were divided into four groups:
Model group, positive drug group, DAPT group and Danlong Xingnao formula group. After the in-
tervention measures were applied respectively, the morphological changes of hippocampus of rats
stained with he were observed under light microscope, The levels of serum T, no and ET-1 were
detected after administration. Count the number of double positive cells in immunofluorescence
staining of proliferative cells in hippocampus, and the expression of Notch1l and Hes1 protein in
hippocampal tissue of VD rats was detected by immunohistochemistry and Western blot. Results:
After the intervention, the hippocampal tissue of each group showed certain changes occurred in
the hippocampus of rats in each group. Compared with the model group, the levels of T and NO in
the positive drug group and the Danlong Xingnao formula group increased significantly, and and
the level of ET-1 decreased significantly (P < 0.01, P < 0.05); compared with the model group, the
number of double positive cells in the hippocampus of rats in the positive drug group and the Dan-
long Xingnao formula group increased significantly (P < 0.01, P < 0.05); in sham operation group
and DAPT group, a little expression of Notch1 and Hes1 protein can be seen in hippocampus, the
expression of model group is enhanced, and the expression of Danlong Xingnao formula group and
positive drug histone is significantly enhanced. Conclusion: Danlong Xingnao recipe can signifi-
cantly improve the learning ability, memory ability, space exploration ability and brain patholog-
ical damage of VD rats; Danlong Xingnao recipe can promote the proliferation and differentiation
of neural stem cells by actively regulating the expression of Notch signal pathway and its down-
stream target gene Hes1 in VD rats, so as to play a therapeutic role in VD rats.
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1. 5]

I M R (Vascular Dementia, VD) & — ™ 552000 A 35 Jif & 1A RIS REBRIS L5 A A, ARAE L BE & ki
S I A ey P AR S B, At et S DX R T A P I I S A — s L B A
PBEfS[1], HArw e P RAEFHE G 2R o emyE i . Ak M aE L% VD e, s
ATER R, SonH REFEIEEH2]. @ E8 R, WIEMEMZS T4 (Neural Stemcells, NSCs) B A A H &

ik
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MR ERE, ERXHELAEAF PG S50 7S AT, XMERIUENENE NSCs Mfehs, BR*2
BUAPZE L ZAL SR KINARIZhRE . IR E AR hRERON T RE, mZIEFRYT VD BIHI[3] [4] [5]. #£
X2 T NSCs 3951 /AL g de b, e 2155 MM ] 1 F 19 Notch-Hes Il % CLAE A AR IR T
B2 B ORTE, TS [ 2 2N AL K 22—, Hes 1 2 X 8 11 R IA HOIR % 72 X AN A2 b B ANl B AR 11
KRB FCE RRIEN RZ—[6]. [FR, FERANE MRS VD BIEEAIRHLL7], BB, kA
W, WA, FHETIRE TR BULKRIEE D), IR S, HETUINE R R, RROVBE, BEfCAL,
RIS, 2 U, IR0 B i, AR R e BRI, AR S0 38 3 A RO 5 3 K 7K A BEL s
(2-VO)#ill % VD KA, Xf VD KEAT A 12120 2R E R ) AIUREERIL. MA§48+5. & Notch
F I R [N Hes1 8t HARIR/KP45 2 U5 AT IT, 22 J2 UCHI ) B P 0 I b X 454 b ) T
FREER, M Notch {5 5 38 J T il 83 8 A1 SR R BRIV U5 I8 9T VD SR RIBLA o

2. SIS
2.1. Shid

IEHUREE SPF 2% SD KR 60 H, 1KEZ] 180~220 g, HHHI RS 5 25 K503 sh b O 3R (B ks ik g
5: 430727211100421833); TAFRFMF: /TR, BE S R, EiR25C +£2°C, MAXHEE 65% + 5%:
R IE, HEUOK, RS 2 RIGHRHETE 1 K. ENHERIE 7 REFHLRACE RS -
SLBH-202010300001)

2.2. RS54

SRR R A DRI AT 4% 2 BHEE. MRS rh . St Hil. PBS (7.2~7.6). DAPI
(Wellbio A #]); ET-1 (CSB-E06979r). T (CSB-E05100r) (N3 EM TREA R A F); NO (—% L& )il
TEAR A (R D) s S (O 20 R i A B A &); DAPT (Sigma Aldrich) &2 DMSO
(Sigma)JE 0, I PLAD ; TR A 20 PR 5 e A% (BrdU) (sigma /A 7)); BrdU $i44 i (Cell Signaling Technology):
GFAP. Nestin. NSE (Thermo Fisher); — kiR & . DAB Rl & (T EH).

FIREER T PR T HTS 15g, =b12g, Hilb6g, AEWW 12g mwE15g RELT 12g,
TR 10 g 2. 2500 T TR R R 24 K2 5 — B 2= B o P R R AR 7 1 329 30 min /K BT 2 VK,
SKETIN 6 f57K, W5 S KIS RT 40~60 ming - FIHN 4 5K, W JE SCKAZ T 30~40 ming A 2 IKFR, 38
ik, KIBIRGERE A2 1.6 g/mL K43 4°CUKFEA

2.3. FEH

SLY-WMS Morris 7KK & (AL AR SR A R A 7]); S5 B58E CH20BIMF200, H 4 OLYMPUS;
2 H R BRI PW-812, IRIITTICM B R REBR A 2 DiReBEbR 11X MB-530, IRYITTICAA R
R BAHBRAT; EHEER 46 DHP-500, JbatmiAtmlBEr XA A H .

3. LW
3.1. SLIEH)S4E

ERATARE, HIR IS 5 B KRBT R bnic, BEPLME 12 JOERF AR, RlRIvp R 4
448

3.2. IRBEEN KA
KR 25% %730 0.6 ml/100 g SRS ESRRIE, BRiBF AR5, AL KR AR 2-VO 75 P IK
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SEH MBS« ARFAREALAKBRAXTIFFHEBRE B, FIEHBIK, AHATEIL, HREIERBAAE.

HHMEIFCFRRAGIRS, BEENE. FAR7 dE, FHKRIEAT Morris /KK E @A MTAT K&
TR R L . KRIER)S . A4 TRCR AT MG, 254 120, IRHERUM 2 mL, BN @R
o, EIME, 20°CUKFERAF. R M BRIE J5 B2 A I K BRI — 48 A (Nitric Oxide, NO)/K -, i
Go K0 N 7 2-1 (Endothelin-1, ET-1). 2 (Testosterone, T)7KFo LUK AR 7Y J& 75 I o

W UK BRAZ BEN LB RIE 7 AU KR, BIBRIAL ., BIvEZ72H . DAPT 4. PR 5 4,
412 H. B ERAEEBEFARA) P SEYLTFE 908 2 41, 2l MEFAR A4l BFRB 4, #
AA L R B A, FHMEZY A 4. BHTEZY) B 41, DAPT A 41, DAPT B 4, FFRBEM S A 4. F1
B/ B 4o T IR EOM B A FFE 5 o

33. /KB/HRA

BRBRA RN 1 W/d, ELLELAZG 14 d. bL 70 kg BRAbRHET AR L A, P Je e i 28 7 5
1% 7.4 gkg HEBHY, HR1IR: BAMEAYEL TEEHT(10.8 mgke), H#EBHZ, K 1k DAPT
HOKRE S DMSO JREW 0.4 ml, &K 1R, HUFHREEM T 74 gke #EBH G2, BR 1K BF
R T U S B AT EKEE, R 1K

3.4. BUM LT R IR FRAE T

SR TP AE H Sl OR RR HE 3, REARL, S5, RERBITHE 14 KRG, BRAKE
JE S BrdU FE 0K SR Ao O AR O AR B KRN 4% 2 K AW, B 230 2EEUIRE, MEER
T SKHU . 58 . 24 h 5 R IBCE SRR YD e TR B A B . A I R RUbRIE
. &F B ARG KREMESG, A0 RE W LB, 7K EPus B A%, WEE T
WIHEFET, WAL, —80°CUKFHIRAE, LLEHIER, 17 Western Blot VAl .

LTIt NN E T IX NSCs SEFEHM R X /b A& e, BRI Dl 44
PLELER (I (Nestin)bnic, #2870 B 5 40 i 43 1) DA 28 70 45 57 14 04 I 46 B (Neuron-Specific Enolase,
NSE). M 4T 4R 14 25 [ (Glial Fabrilary Acidic Protein, GFAP) AARMCHI AT . AR IR MG, &
A M 5 sk P, BV BENLER 5 MLEF B T8, AT iE XS FE PS5 R 40 i SRR S SR R
bR T EEUE, 20 5 R 2H e D AR 18] BrdU+/Nestin-+F XUSH P4 20450, K B2 5 [X. BrdU+/NSE+.
BrdU+/GFAP+XUSH T4 %, HCF3{E .

Western Blot: frilli 542 Notchl. Hesl HrHERE . HEMITEBIIAN, RE, BMFEARE
0.025 g 7247, FIVKTA PBS BeZHZN, AN 300 uLRIPA ZLAR% T LMkt B A b e S AL HER
AWHLY, B, HE0EH EEEBE 1.5 mL (808, 17 SDS-PAGE HLIK, %2 h, Hid.
FEIRACE 90 min, 4 Cilf, WHZERKE 30 min. —Pu. —PiiFEH .. BEHTEE. B2, WSS R,
£ Quantity One ¥ 7t B S AKFEAE, DL E (38 8 567 K FEAE 5 OB i K FE 1) LU B R B AL I 3R IA
KF, A A Envision VRTINS R JERE T

3.5. GiitFEALE

SKIGHHE L] SPSS25.0 BT HEAT it A B, a2 DA EL e 2 0R, W BORREEAT IES R IR AN
TiZEF AR, AL EUELE ] One-way ANOVA 5504, J5 2255 %, I HECKM LSD %, 74T,
K H] Dunnett T3 #0%: AN 2 IEAS 0¥, H Wilcoxon BAIKILK:, P <0.05 #INNZERE G L.
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4.1. —BITHANBRER

PRI KB IR T R B TO G MMEI K S . R EE . BRIREYG . XT 40 F i s B iR 4l
TR, BEHGE . EIRWEZ . S48, Faud . [, $RRmME R EER IR
4.2. EEFTFTAR] Morris 7Kk E LI LER

S\BFEARALE, RAAKRROEEERIAHEER, SEBEFERALE, BEAHKRTBET 5K
B AT R A B W4, 22 R B 2R (P < 0.05, P < 0.01); HAR R ZE R LG22 X (P > 0.05).
W 1,

Table 1. Results of water maze test in rats after modeling and before intervention ( X + .5 , n)
= 1. EEETMATARKEEXLEER (X £S5, 0)

2R3 n HEBEE AR I (s) 7k 5 T & IR EL(IR) JR 7 & 15 B[] (s)
BFARHA 12 21.74+2.78 12.73 +1.48 28.20+5.42
A2 48 37.42 £4.41™ 6.45+1.62" 19.95+2.50"

Note: compared with sham operation group, " P < 0.01, *P < 0.05.
. 5EFRANLE, "P<0.01, P<0.05.

4.3. BEFTWEIME T. ET-1. NO &R
S5H\FERALE, HRAMBERER T SEFIK. ET-1 SETHE. NO SEMRK, ZRBEES%ITYE
X(P<0.05, P<0.01). W7 2.

Table 2. Comparison of serum T, ET-1 and NO levels after modeling and before intervention ( X £ S )
F 2. BRFFMAIMLE T, ET-1. NOKFLEE (X+5)

2H 51 n T (ng/mL) ET-1 (pg/mL) NO (umol/L)
BRFEARA 12 305.91 + 134.73 51.50 £4.19 27.85+0.90
R 48 184.17 +£93.20" 59.91 +5.09" 2559 +1.02%

Note: compared with sham operation group, "P < 0.05, *"P < 0.01; compared with the model group ““P <0.01, “P < 0.05.
FE: 5EFRALE, "P<0.05, "P<0.01; SEA4LE, “°P<0.01, “P<0.05.

4.4. KRKREDEANSFEN

KRR TR, RPARAKRE SRR IR R, WREEL, HNBOVESE, RS,
QO 1950, MME 5], ATTE I FITEZG W2 KT Je BRI 7 4K Bt S 4R SR e 2
P KBS, TRABOVEEE, BRBUBERE . B, WIE, OB, MAEEORKRIR,
BABOERE, BAEMR. B9, WA, HAH. DAPT AXRIEFHRED, £ HIMMEER
LR, MK, AAEHELR, HPIEEL. B, AR ORERS, B4, REBOVE I, [Ef
ML MR IR . ILIAT 1.

4.5. Z4AAFR MK BrdU+/Nestin+. BrdU+/NSE+, BrdU+/GFAP+XW A4 4R tL L R

SEFEARHEE:, A, FHMEZGPA . T BR324k e D IR 8] BrdU+/Nestint~ R % Ji X
BrdU+/NSE+. BrdU+/GFAP-+X FH 440 ot WA B b 7F, SRV Eedse, FHPEZG94E . F3 el v 77 4H
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BIRE 5

DAPT 4K i 5 4 IR [8] BrdU+/Nestint+ K J2 )5t [X BrdU+/NSE+. BrdU+/GFAP-+XU$H 1440 i %35 A B
2 ET, SR LR, PHREERG 77 24H K B B R [B] BrdU+/Nestin+ X0 PH M 48 i 2507 BH 2 F B
DAPT 4K fRifg 5 IR [8] BrdU+/Nestin+ K 57 5T X BrdU+/NSE+. BrdU+/GFAP-+XU $H P41 i £ 3445 B
WIS, SRR T B, DAPT ZH KB D4R [El BrdU+/Nestint. Kk B2 5T X BrdU+/NSE+.
BrdU+/GFAP-XU PRI 4R M 2356 W 2 N 1%, 2R ARS8 (P <0.05, P <0.01): HAREZER TS
TR (P> 0.05). W% 3.

Sham operation group Positive drug group

BFARA FRYEZ 42

Danlong Xingnao group Model group

PHERENH 8t

DAPT group
DAPT 4

Figure 1. Histomorphology of rat hippocampus (400x microscope)
1. KRIBDHEARSF (400 FR)

Table 3. BrdU+/Nestin+ in hippocampus, BrdU+/NSE+ and BrdU+/GFAP+ double positive cells in cerebral cortex (X S )
# 3. B3 [X BrdU+/Nestin+, KB BRX BrdU+/NSE+, BrdU+/GFAP+XFAMELRAEZL( X +5)

20 5] n BrdU+/Nestin+ BrdU+/NSE+ BrdU+/GFAP+
BFEARA 12 10.56 +2.46 1.99 +0.96 11.62 £2.25
PRI 11 16.73 £1.57 9.11+0.75" 30.83+£2.31"

FH 25420 12 38.18 £5.3774% 1423 £1.6174% 52.89 £5.77°

FF R R v 7 21 12 29.26 +4.20 44 12.42 +£0.98"44 51.45 587"

DAPT 41 10 11.36 + 1.24°#&& 1.00 + 0.33"~##&& 10.60 + 1.93%%

Note: compared with sham operation group, “P < 0.05, P < 0.01; compared with the model group, “P < 0.05, ““P < 0.01;
compared with the positive drug group, “P < 0.05, *P < 0.01; compared with Danlong Xingnao recipe group, “P < 0.05.

E: SEFARLLLE, "P<0.05, "P<0.01; SHEBALLE, “P<0.05, ““P<0.01: SHELMALE, P <0.05,
P<0.01; SFHREETALE, “P<0.05.
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4.6. ZEKXRMALIGDXREHELE Notchl, Hesl ERRIEREEHLRER

F K R 2 5 X G A 401 Notchl Hesl & ARIBKEME RS R SEFARALE,
B . BRIEZSA. PHEBE 741 10D (2% Thim, SHEMALLE, FHTEZA. PR 754 10D
E¥) R E =, DAPT 4 10D {2 E MK, SHMEZWALLE, FHEBMm 740, DAPT 4 10D {f & %%
X, S5rHememi 4, DAPT 4 10D {H R E K, ZREASIMFE (P <0.05 P<0.01); Hik
BERLGI S (P> 0.05). WE 4,

Table 4. Expression gray value of Notch1 and Hes1 protein in rat brain by immunohistochemistry ( X + .5 , IOD)
4. KRB L G ZEWE Notchl, Hesl EBFRIAREE(X £ 5, 10D)

2H 53 n Notchl Hesl
BFARHA 12 599.93 + 118.61 869.27 £ 179.71
T2 11 1640.71 £297.35™ 2126.13 £279.20"
FH P 2420 12 3738.57 £ 177.61°7° 6986.18 +474.49"
PR T3 2H 12 3458.00 + 414.05™" 5411.11 +£295.35™*
DAPT 41 10 641.05 + 143.06" "7 #&& 954.22 + 139.33°°#&&

Note: compared with sham operation group, 'P<0.05"P<0.01; compared with the model group, 4P <0.05, ““P<0.01;
compared with the positive drug group, *P < 0.05, *P < 0.01; compared with Danlong Xingnao recipe group, “P < 0.05, 4P
<0.05.

e BEFARLLIULE, "P<0.05, "P<0.01; SHERL4ILLE, “P<0.05, “°P<0.01; S, P <0.05,
¥P<0.01: SFRREmRTALE, “P<0.05, ““P<0.05.

4.7. BEXFREDLEL Western Blot 5% Notchl. Hesl FEEEHELELBER

Notchl 5 Hesl HI N 45 2 BT 120 kDa J% 30 kDa &b, N2 p-actin R N 45 H 7 T 42 kDa, 453
TR R IR GG AT R B PE S 5 BT ARG LA, AR A | BH A 25 W04 P R G 77 2R i S 2H 27 Notehl
Hesl &[4 WYY W32 TR, DAPT KR D44 Hesl FEAK WA R ET &, SHEAA L,
FHAEZ594 . FF e B 75 4 KBRS S 2027 Notchl. Hesl 2 A 4 # HUAE I & T, DAPT 4 KR S4
41 Notchl. Hesl & [H%7 lWE R E K, SHMEZAMAE, DAPT 4 KRGS 42! Notchl. Hesl
461 LUAE 2 2 A, S5 R J7 21 EL %, DAPT 41K i 414X Notchl. Hesl & [ 4415 LAl 15 &
HIEK, ZRAAGIFE X (P<0.05P<0.01); HRWEZERTSGFEL(P>0.05),. WK 2, %5,

5. &t
P R FE I IA RO B AR, R IR I e s A rh o ot A PR AL . B a1, 7E

WELE VD R, REAETETE, SOt R H . SLe L girh 25104 808 FE L NSCs Bof . H85H
e BE. HERFRE R B R E AL 8] 9] [10] [11]. 1 F 255 NSCs AUk th v I A&
BRiEih VD L RIFAE, JUCLAN'E RE IR A BEIG YT 0 . AR I BAAE 2 SR 6T i A o S L SBUAE FA i PR S
Berb, BRI 7IRIT VD B RO —— BRI T . PSR, RIS, T SR
I, JPESERH, M, PEEEEGTEMN, WEEZ, BEAEMN LR ZE, BOKHEA
JYRCR, Wizt BN, =B, RSN, Mok, AR R TERARERER, W
W55 =CRAL, FAR, EAL, MR, MERE, SIS 5, RALEF
L meLy, BOLANEIUR, ERR, ST 2 The AU BRSO, IRANE R OuAE, JE bR
fti, CLEAR, JFESERAG. A IRT ST R TP R MR K U5 e fe it SR PR SR IO SR X NSCs 1358, feit
M2 AE12] BURERATRA DY, PHEREG 77 2 B RE MR 1876 VD R TT 7).
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e TR S
Hesl (30 kDa)

P -
Notchl (120 kDa)

@ (b) © (d) (e)

Figure 2. Western blot was used to detect the expression of Notch signal path-
way related proteins in hippocampus of each group. Note: (a): model group; (b):
sham operation group; (c): positive drug group; (d): DAPT group; (e): Dan-
long Xingnao group

[& 2. Western Blot #| & 4038 I [X Notch (5 S B EXERTRIE.;E: (2):
REVA; (b): BRFARE; (o): FEMAYE; (d): DAPTHA; (o): Ak
[

f-actin (42 kDa)

Table 5. Comparison of Notch1 and Hes1 protein band ratios in hippocampus ( X +.5 )
5. JBD4HL Notchl. Hesl EALHLELE(X £5)

2H ) n Hesl1/actin Notchl/actin
BRFARA 12 0.14 +0.03 0.17 £0.02
FERY2H 11 0.24 +0.03™ 0.26 +0.09
P 25940 12 0.56 £0.05" 0.43 +0.08™
TR 75 41 12 0.44 £0.03™ 0.40 + 0.07"*
DAPT 4 10 0.17 £ 0.04™ & 0.20 + 0.02°%&&

Note: compared with sham operation group, *P<0.05"P<0.01; compared with the model group, 2P <0.05, ““P<0.01;
compared with the positive drug group, *P < 0.05, *P < 0.01; compared with Danlong Xingnao recipe group, “P < 0.05, 4P
<0.05.

e BEFARLLIULE, "P<0.05, "P<0.01; SHERLILLE, “P<0.05, “°P<0.01; S, P <0.05,
#p<0.01; SFHREEmR A E, “P<0.05, ““P<0.05.

VD J& T4 PR FIRI A, IR ISR R B . ALK A A RIBERIRAS,
WACHZ 3+ 2R IS DIRE T 1, BAACR S B BB, 2 RS R RE RE/KF N REL 212
AR AEILR[13]0 ALY R G B AT — BT NS, M BRIELR: 546, EAT NN F Tl fE
PRI, Morris KR E R —REMAPARIDIREVEN 59k, HA WM, BUSBE SR s, TR
TEEER SR 14], Agh, BRAKNR SHRTPARAKR L, BEEIONNRER, 5FlEa
OB A I TR b, R ATBIR AR B A SE B 17 2% 20 CIZRe ) RIS, BRFE VD B
THRERRRGRIL. P, RENUBERL, S RERE B, I RS K RV IR T e T B DI o . 2
B T 9 WAk B Dh BEFAE AR 2 —, A T KT IO 8 &1L 12 70 5 2 RIARII[15] [16]. ASLE:
R b T KCPEE— SRR RS BRSS9 R, BURA KR T KT S5HRTFRAME, B%
BEAK, B& THEERAL. BRAFREIEAREI . MRk, ASLiRH 7 MiE NO. ET-1
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