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[WE] BH @ B EMmEE A (amyloid B-protien, AB) #5173 A MR s 1L 4 N FZ 40 g (human brain microvascular endothelial
cells, HBMEC ) 1% 3% W% TF i 28 50 I T B4 52 W) B 0 45 08 38 09 T TUVE FHE 5%, 40T 30 28 X5 HBMEC K Jog #f 22 50 ) P 47 4
KA REME AL . ik S A A, B A BB A il oA, AT H, S HNEF AT, EW
4 9IEH HBMEC R i M & ndl, HA 4 41 % ] 20 wmol - L™' AB ¥ 5 HBMEC #5157, J o i .0 4% 41 48§ + i
(400 mg-L ™"l AL EE 6 h) A7 K20 A SR BT T 1 (100 mg-L ™' £ AZ 0 FF WAL BE 6 h) , RCHAR A J5 A 400 i 3% 35 Wi in 2 E%
i 4o 28 7 T HEAT B S, SCIR AE RO I A AT i T DL R R T kR ik, SR AB Bl HBMEC J5 9 85 5% W W] i i
MZITIRT:, B4 AB B3 BUN M £ JA =)™ 5 , 38 i o 8.0 28 T Bl HBMEC 35 35 W0 75 5 I A0 45 o0 08 T2 4t i ek 2>, {FJ
ToHEA GERRBHAHE(P <0.05,P <0.01) , AL TV A4 (P <0.05) , 458 ZAEMEHI A (AD) h HBMEC #i 5
AT DLHE— 25 Tinsd b 22 70 i JA T, T 8 O 2% (R 9 HBMEC [ B ] & 30 48 47 1 # 42 oT 09 4 T, 380 28 I 48 40 AD il 4 & 0T K
HBMEC HA XWE AP 1ER .
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Effect of AB Injury-based Human Brain Microvascular Endothelial
Cell Culture Solution on Apoptosis of Normal Neurons and

Intervention Effect of Tongxinluo Capsule
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[ Abstract | Objective: To study the effect of amyloid beta ( AB) injury-based human brain microvascular
endothelial cell culture solution on normal neuronal apoptosis and the intervention effect of Tongxinluo capsule, in
order to investigate the protective effect of Tongxinluo on brain microvascular and brain neurons and its possible
mechanism. Method: The experiment was divided into blank group, normal group, model group, AB injury
group, Tongxinluo group, Huperzine A group. The blank group was normal neuron group, The normal group was
normal human brain microvascular endothelial cells-cultured neuron group. In the other 4 groups, 20 mol-L ™' AB
was used to induce damage in brain microvascular endothelial cells. Among them, the early intervention was made

for the Tongxinluo group ( pretreatment with 400 g+ mL ™' Tongxinluo for 6 h) and the huperzine A group
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( pretreatment with 100 g-mL~'huperzine A for 6 h). The damaged cell culture fluid was cultured in normal brain
neurons. At the end of experiment, neuron apoptosis and apoptosis protein and gene expressions were detected.
Result: The culture fluid of brain microvascular endothelial cells after AB damage could increase apoptosis rate of
neurons in the brain, and directly cause severer cerebral neuron apoptosis than AB. After the early intervention with
Tongxinluo, human brain microvascular endothelial cells-induced cerebral neuron apoptosis rate decreased, and
apoptosis gene and protein expressions reduced (P <0.05, P <0.01), with a better effect than western medicine
huperzine A (P < 0.05). Conclusion: The apoptosis of neurons could be further accelerated in Alzheimer’s
disease (AD), and Tongxinluo protects brain microvascular endothelial cells and brain neurons. This suggests that
Tongxinluo capsule has a double protective effect on AD neurons in the brain and brain microvascular endothelial
cells.

[ Key words | Tongixnluo capsule; amyloid B-protein (AB) ; human brain microvascular endothelial cells
(HBMEC) ; endothelial cells apoptosis; intervention effect

[ SR % 1 BR A ( Alzheimer’s disease, AD ) X FR %
SRR , 2 —Fh R 2R TR 4R W LT A2 B
FIIA 1 1) f 5 15 oy = 38 B0 () 1 28 2R 5 0 M SR A
P o B A T I R R R I A P 2 Y
84 BT R L AR IR R IRIT T R
AR FEN 25 A A (5 E R AR RGA YT . ]
o BRLAREAE SRy K i e T 22 40 , #2844, B-VE By
REZE (1 UTRL, 0L E i 2 T B0 K B % 8 4R B
W . BIE M LR LA (AB) & — Fh A5 M
ZEUEETE B 2 0K, S K B BT 8 A B ) 3 4y, H
HIE AN HZE 330 AD S50 20 3R 17 R 9 1 2 22
Nz 78 AD & /E & Bt B Pl e s s . ;W
HA SE5 & B AD BE T BB RN I A Y R 40
(HBMEC) 5 IE# K BN )2 W&k & 1 9%, ok
H FH HBMEC 254 8% 37 W 35 57 1E % KR K iz )22
Wz H e R R A ITTIAET

T > 285 S A SR YA T 0 M I e 1) 2 T A R
DIFE S5 & B ) ABL-42 $i 4 HBMEC [ ££ 4 7
R IR T g i ze e {E AR 90 HBMEC [A]
Fof 2 5 S AR B i A 25 TG G R TR, S AR T 5 R
H1 AB V55 HBMEC (381 1) #1443 , BOLAR 4 5 19
b YR ) IE R B 3R I 28 T T AR T R 28 T ) A
TE O, 60T 0 45 %) HBMEC J% i 4t 22 5% 1 i
M ReVE s .

1 #FHE
1.1 244y O 458 R0R (1 FE LS 251 1% 4y

A PR A L5 2014063 ), 47 42880 0By (R A
24 i K 8 MF T B L ik 2014055)

1.2 k5 SYBR Premix Ex Taq, 52 W} % ) & &
PCR (Real-time PCR) i3] & ( KT AW THRA R
IS HES 4 5 RR4200Q,6233) 5 B ik B 41 i 93 -2

(Bel-2) ,Bel-2 #15¢ X H FH (Bax) , & 2F P 2 MR /9 K
A5 MR 1 K % I ( Caspase ) -3 $ii 1A (3¢ [ Santa
Cruz 2~ #, #it 5 2 5 K sc-23960, sc-20067,
sc398715) ;51 IF A i AR T AW T8 ( L) i
AR A A A, Bel2 (200 bp): b liF 5'-
GGATGACTTCTCTCGTCGCTAC-3", | Uif 5'-
TGACATCTCCCTGTTGACGCT-3"; Bax (190 bp): -
it 5'-GGTTGCCCTCTTCTACTTTGC-3", F JiF 5'-
TCTTCCAGATGGTGAGCGAG-3"; GAPDH (144 bp) .
3% 5'-ACTTTGGTATCGTGGAAGGACT-3", Fiif 5'-
GTAGAGGCAGGGATGATGTTC-3',

1.3 Y88 MCO-175 B CO, %5348 ( H A Sanyo
2y ) s DHP-9602 BIKE F5 /14 ( il —H B A
FRZAT] ) ;CK2 BUEE W #45 ( H AR Olympus 24 ;
LD4-8 R IK P AR 3 B0 ML (db st BE B 0L ) 5
SW-CJ-1F J 3 it T AR & (v [ 95 e 4 A % 2 24
Al ) ; Epics-XL 1T #9 3 =X 40 g 4% ( 38 B Beckman
Coulter /A &) ) ; ABI PRISM7000 %! 52 i % H PCR X
(26 E ABI 2\ #)); 170-3930 % & [ % %F Bp b
(Western blot) Hi yk 1%, 170-3935 Zl 44 & fiti ( 35 [
Bio-Rad A F]) o

2 FiE
2.1 ZiPpiksE  ABL-42(AB) EALALHL, ML 25 W)
IO 45 Oy, X IR 25 W) BC ), HBMEC 46 il 52 55 5

Bi g% [/ SCHk [ 7], 400 mg- L™"i .0 4% % & HBMEC
A0 6 h i MEE AL 4B O T T 0. 2 um 3
B AR L 8 R TR o

2.2 HBMEC #if5 i W #l 4 HBMEC K3 )5,
OG0 K 1 i HBMEC 49, L 1 x 10° 4~/mL 4%
Fl T 6 FLAR , IF % 411 109% FBS ) DMEM % 33 5&
Ridk 6 h o b 35, Ak 2 55 9% 24 h 5 dE AT R
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BRI A B 5% 6 h J5 e lG 3R W, SR 5 I 20k i
420 wmol-L~"AB fEH 24 h 5 340 M 17 5 8 00 4%
YA M Ry 400 mg- L™ 00 25 AR FH6 b,
B FR WL, I A LA E Ky 20 wmol - L™ A, 1 JH]
24 b5 20 MO 1 o A7 A2 B AN A 2% T IR
N 100 mg- L™ B4 A2 0% B AL FE 6 h, 3 35, OF
I LR JE Ky 20 pumol - L™"AB, 1 24 h i 5 41 i
it
2.3 ARG FACHZ TR SRR, S
5y 6 4,5y N IE R AT d (F Hd), EW
HBMEC &M + M4 ondl (IEH 41), Ag #i 15
HBMEC FiEW + it ool (BRI ) , AB Pt ph &
JUA (AB BG4 ) , .00 4% T+ 1l HBMEC ¥ ¥ (38
D% BT R Y Ry 400 pg - LT A AW JE K
20 pmol L ™" b B 24 h) + AB + & T4 (18 L %%
4, A E T HBMEC |35 (A 5 B 4%
TR A 100 pg- L', AB & ¥k 20 pmol - L',
AbEE 24 h) + AB+ MATTH(AXWBTH)., sHH
A 100% J Ifi. i DMEM 85 32 W, H4 5 4lm A
50% TG IfiL 7 DMEM X% 37 ¥, B 4k 347 () 40 f ¥ T
37 °C 5% CO, TR EE (8 3240 h 15 3% 12 h,
2.4 MBS LT BRER
i WU AR A R TT0 0 TP R T, A B T
4 CORAFEE A, I A B TS BE (PT) Y% 1 mL, i &
4 °C R4 30 min, Y 24 A ASCRE W T %
2.5 Western blot | £ 2 #if 2 L 98 T- A X H A
Caspase-3,Bax, Bel-2 &35 4 M i 245 55 3% )5 BU4H
JL, 2R B0 A0S I A R AR
B3 20 B P9 R, R R AL R B S A Bax, Bel -2
(1:200), Caspase-3 § 5 ¥ f bt /N Bl 2 70 B Bt 1k
(1:200) , LU B-actin (1:1 000) —47,4 CHEH it
5 TBS-T PRAS IS 43 53 i A28 e BIR =40 (1:1 J7)
FE VeI S ECL BARME %, R i quantity one 3K {4
G3 BRI - 254 K BE AL, B-actin /E N IN 2,
2.6 Real-time PCR 3 AG T 4% 4 1 28 o0 7 T 4 G 3
Bax,Bcl-2 mRNA ik 4i i fin 245 3% 5% J5 B 48
Ji, A, B S ming, T A ST BE, BE AT E L, BUK
FEJZ M SN B IR AT UTTE B0, 57 L, I OB s
L, 57 B, T4 BURNA il A Lodding buffer 1 pL,
HLPK A I RNA R R 43570 & v B BC i 10 pl {&
RN, T PCR AL ¥ mRNA 2 4% 5% i cDNA,
PCR J2 )W & & & SYBR Premix Ex Taq T 10 L,
ROX Reference Dye 0.4 wL,cDNA EW 5 pl, BT
HEn1 P45 0.4 pL,Z&8M K 3.8 pl, it 20 pL S
- 168 -

K%, PCR I 5% :95 CHiAEPE 10 5595 C A
55,60 CIBK/HEM 31 s, P73 40 DEIF . S 45
SRR IR i 2R Al 2k, DL 2T SRR SR
PSS g

2.7 it R PEMS 3.1 Gt 0 A
Bl , Z PR SR BR B Z T7 22 00 B, 1 K
xxs RN AR B B K, 2R
AR TR TE) B A A LA Nemeyi K256, P <0.05 Dy 22
FAGI R

3 #R

3.1 4% HBMEC B3R 0 1%5 Jf M 22 o0 AL T2 1Y
SO a5 LA IE 2 R 2R 0 A B R R T
AR B = I A0 A A AT I T DL R O A
K, MU R (2, R 73 328 il i 7 i i 28 14
2% 5 AB F4 473 £H A% 50 2 i 2 T 40 KR ek D i A
IR STV G R TR W o R SR S S
A 20 451 43 i A ™ O 5 2H A A BT 2 A
RUCHAR L W 4 e, HiB O A B g, W
K1,

A B
C D
E F

A ZEHA;B IEFHH;C BRI ;D AB 4 E. il D % 4L F A 42
B2 (2 ~4 [F)

E1 \BOEKI AB Hif HBMEC EFREFHMETHEHENEMN
(HE, x400)

Fig.1  Effect of Tongixnluo on morphological changes of human
brain microvascular endothelial cells cultured in vitro by Ag (HE, x

400)
3.2 @ Z AT HBMEC B 57 805 37 i 42 ST IR 3T Al

JT-R M Hoechst33342 Ye (0 T, 25 (4 M IE#
2] Jg Jo A 28 0 S AR W e €5, 200 I N A% A AN A X
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BOCHE, T A MR /D , AR AN A AR A 40 B

RN S e g €, n] U A D SR A R TR A AR

JAOA BTS04 A A2 A
H3 ., LA 2,

B2 0% AB e HBMEC 5 3 5 W 2 TR 7L AUA T
21 ( Hoechst33342, x200)

Fig.2 Effect of Tongixnluo on changes of neuronal necrosis and
apoptosis in human microvascular endothelial cells cultured in vitro

by AB(Hoechst33342, x200)

3.3 GE.OZXT AB i HBMEC 35 321 97 #l 480
TR 525 gl OE R AR, AB 0 A
R i 22 or 4 Bt BB W98 T (P <0.05, P <
0.01) 1R B E LI, HBMA R EE (P <
0.01), SEAIZ L4, #.0 2 5 A2 AT
BT RE, WM EITHMEE T (P <0.05), W
z1,

F1 EO% AB R HBMEC 5 3 7 4 5 0 22 70 = % % 1

(xxs,n=3)

Table 1 Effects of Tongxinluo on apoptosis of human brain

microvascular endothelial cells cultured with AB(x +s,n=3)

205 e R JATZH%/ %
EgE| - 7.29 £0.77
EH - 9.55+1.97
iR - 22.07 £4.82%
AB 14 20 wmol - L~ 15.22 +0.25%
3 0 2% 400 gL' 15.70 0. 85%>)
A 100 mg-L ™! 19.05 +3.50%
HHERH FEAMLE P <0.05,7 P <0.01; 5H A L

B P<0.05,YP<0.01; FIf 20 5 P <0.05(F2 [) .,

3.4 E.OZXE A i HBMEC Hs 37 B 37 i 4250
AT MG F T Caspase-3 HUSZ M 25 (45 EH
HILB TG M2, 95 HHE EFHILE, AB
P 4 B ZH ) T A OC 2 B Caspase-3 ik b T
(P<0.05,P<0.01), UKAIHEz N B F (P <
0.01), 5A% A2 L &5, 0 25 2H K A A2 i 4
Caspase-3 FIA L H T (P <0.01) .02 41T [
BAZWHHW (P <0.05), W& 3,3%2,

| — .
Caspase-3 il “— v 32 kDa

f-actin . — G S 36 kDa
A B C D E F
B3 Ap {5 HBMEC ¥ 5 ik 35 S & T Caspase-3 & B RiX B ik
Fig. 3 Electrophoresis of Caspase-3 expression in human

microvascular endothelial cells cultured with Ag

F2 BEOEKI AB 55 HBMEC ¥ 3% ik 5 57 4 £ 5T Caspase-3 &
BERMRIEHHZE(x£s,n=3)

Table 2 Effect of Tongxinluo on apoptosis-related protease
Caspase-3 in human microvascular endothelial cells cultured with

AB(x+s,n=3)

415 W Caspase-3/B-actin
2 H - 0.83 0. 17
EH# - 0.89 +0.21
FEA - 1.32 +1.22%
AB 14 20 wmol - L~ 1.11 £0.17%%
PR 400 g-L"! 0.78 =0. 85>
142 100 mg-1.7" 0.93 +3.50%

3.5 Gl.Zx A i HBMEC H 37 B 37 M 4250
Bax,Bel-2  FIRIK N 25 FH 5 1E W A L
TgeitExR. SEAHE EW ALK, AR Bt
T 440 25 00 40 U 77 1 Bax %235 B, Bel-2
AKX (P <0.05) , HA R A £ WA 4, ﬁ@%éﬂ
Bax,Bcl-2 FEiR BRI 38 (P <0.05) , .04 4H
T AT A, WK 4,53,

(e — . . — 3 | 13

ﬂ-actinﬁ -- A — —-— 36 kDa
A B C D E F
El 4 Ap #if5 HBMEC 1% 5 % 5 5= # £2 7T Bax,Bcl-2 EARIE Bk
Fig.4 Electrophoresis of protein expressions of relevant apoptosis

Bax and Bcl-2 in HBMEC cultured with Ag

3.6 GE/LEEA AB 511 HBMEC 15 3% 1 57 2250

Bel-2,Bax mRNA RIKMFE I 52 F4  IEH 4

FL#, AB B B AL 4L T2 JE ] Bax mRNA £k
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Fz3 BEOEI AP #i{5 HBMEC 1f 57F i 5 = # 4 ;T Bax,Bcl-2 &
BHEXNRENFEM (v £5,n=3)
Table 3  Effect of Tongxinluo on protein expressions of relevant

apoptosis Bax and Bcl-2 in HBMEC cultured with AB(x +s,n=3)

205 e Bel-2/B-actin Bax/B-actin
&) - 0.78 0. 11 0.82 £0.01
EH - 0.70 +0. 03 0.83 +0.12
LY - 0.45 +0. 12" 1.21 £0. 11"
AB 14 20 pmol-L~"  0.49 £0.19" 1.01 0. 15"
i 0 2% 400 g-L°" 0.72 +0. 12% 0. 84 +0. 09>
LRBHP 100 mg-L ™! 0.45 +0.21" 1.05 0. 15"

F:HIEWH A4 LEY P <0.05,7P<0.01; 54
%3P <0.05,

-7t ,Bel-2 mRNA K35 F R, H DB 20 5 ohy B 3
(P<0.01) ,i8 .04 4 Bax,Bcl-2 mRNA % ik 55 AU
HIH AR E (P <0.05,P <0.01), L
%4,

#4 EO%3 A 115 HBMEC 85 % i 5 % # £ T Bax, Bel-2
mRNA 3% B B0 (2 £5,n=3)

Table 4 Effect of Tongxinluo on apoptosis of Bax and Bcl-2 mRNA

in human brain microvascular endothelial cells cultured with Ag

(xxs,n=3)

2 41 e i Bcl-2 mRNA Bax mRNA
=] - 1.00 +0. 01 1.00 £0.03
EH - 0.97 £0. 06 1.02 +0. 12"
FEA - 0.93 +0.06" 1.19 0. 19"
AB i1 20 pmol-1.~! 1.16 £0. 09 0.80 +0. 16
PRI 400 g-L"! 1.14 0. 16% 0. 84 +0.09°*
LRWE 100 mg L~ 0.98 +0. 11 1.03 0. 15

FESEAA ERHAREY P <0.01; SEMH KR P<
0.05, P <0.01, 577 4L L #*Y P <0.05,

4 itig
B R E N O ARG, AD 1 & 05 % 2
BLZAETF S M 3 324 N 1k, AD B % 9 HL IR
BB, JCYT 80 35 1 VPG 24 5 2 6 I, AR IR A DA
B SRR ST KA b, 5 A BRI 2 HLAR ST BOIR , X
FEHLHIA — T 1 MR 4 v B 25 BRI I 50, AR
TR TN A 95 4T 22 FR 6 TE I 2%, B OT T i L IR
PRBRLS , To A A Y, SR 45T s . AR RO,
BEP WO IR AL 46 1 AR FR 25 22 Tyl LLg i, 2k
WKW A 2k, R AU 25 Tk E, HLA A m ik
2 A B AR DR A 2 A8 B MR Rk AR R
JO7 356 FH RS A 2% 24 il 48 XU 45 2 nokoig |+
Hu Al R A DUAE S Ak, T SR T P 2E 2 ik
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AT PO T E A S A KE
W R R R R UK 2 L
Jr TN 2 3 25 95, D 36 N 2 R, TR R
(ARFEZEY NS B 20 B, T
9N, URE AT, 46 Kk B OF A 2 2 TR,
(PRABEZYE W H,FOLHE" . (ABEH )
P, A AR RS U2 I IR 4
39 59 5 44 LI 308 A 9 2 406 K, TR A % ML 2 o 2
(ARBERH) I 25 S0 W0 H A kT
BI25 A% B 255 T, IR BV SNE AT, B 46 38 1% , 1%
BT UL O SR AR T, B RN TR R — B
ZRHIZEY, A B 4 K, I 4% 58 W B i 25 I
A RBLT 4 LU S BRI SO LA
24 Ikt 38, At i A L o A L R AR I 3 A U O
F AT B T T T B A W) A i TIE
A B 5

LA S 6 B IR 80 L5 P 400 Y, 7 5 Gl ot 457
Vs, SR JH G2 5% 18 15 3 W % K B IG 2 2 o 22
JEA G OTHE R, kBN A 4 TS 1 B A
FNOT S AR B SR AB 485 K IR Bk M A A B R
T o 75 S R | IBCHE A% (R 5 32 W s R 2, IR
B & B M 26 T LA VR . 454 Z i se i
J B 4% T LS R % S, D AB 4 5 A IR Bk ot
B TN B 2 A IR, A S 3k L4 TP A
246 03 1 Aol o P B A0 o G s 25 T 10 BV R
o7 R, 2 T A R T 2, 9 HL DR T e 5 A A
33000 IR 105 P9 2 3405 J5 VEGF 2381 1 IR 1k
LA 37 A, SR IR0 2 2 S G 1t AR 4, ST 0
S MEIH T4 Wb, 3k f 4 P DAL T X i A I P 2 4
() 25k 4 50005 , IR0 AR ST 3l 4 g P DR 5 G e 2 %6
PEAGG T R O T O 4 AN AT R AB T B
Mo onas st T EL AR I A B0 SF- 45 98 1 2
2, TR B0 S BT A 4 0 28 O P T S B 4%
SRR — 52 78 S g P2 6 AD A 25 0 XU AR
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