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HWE:. B RALTEATLABOBEEZRRINAL A DR PG5 HAL, A FIRIELF X3 T e A R
15, AE BIRXRARXBPHRAEELEY, sAHALTREFS. P AR Z(10, 5. 2.5 mg-kg") X RIWB K
FRFAREIRL(15 mg-kg') o HRATHME 15, 40, 120 min 3 AT &5 5] B SHE 2B, LC-MS
Kol AR R e P T RS, B LA THh 24 h GRS, A=K E v &k (TTC) il ik
A EAR; ELISA i #6m) f 32 20 220 B F (TF) 89 &AL ARSI 4L & R 353+ &4 #) 5 (0GD ) J& AR e B
% tm e (HCMEC) 8942 37 46 JA, CCK-8 x4l sm i & 1, XA Erm mie ik d — AR (NO) W43,
R L Egakix, BAAKKEAABHNEEE (P<001), 2% XF5. P KA ZHTHIR Y f
J& W e st @ AR (P <0.05, P<0.01), HXFZ8Lx K35 T 9 a2 80883 41 o9 W AR5 (P<0.01),
S EFMAE, BAMKXIALEFHRE,ZH(P<001); mE5EMAL, HFRXFFH. KA THLARET
FEHEBIK(P<00]1), BREBALS AL PAFTEFT 15 min X3 RHE, £, ARALPLFRYF
SFRWR LS, S8R EHRT 0.1, Gib R RF At F R EEI AL o5 A IR,
A9 41 3 R 3 7T ARl i AR 47 do i AN 69 P9 % 4m e i K AR IR AR AP AR R .

KEW: LXRHF; Wb BiEE;, HRINF; BoHh; BERY; ARMeg N E e (HCMEC); X &
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Abstract: Objective To investigate the distribution pattern of salidroside in brain tissue and plasma of ischemia—
reperfusion rats, to clarify the active site of salidroside. Methods After rat models of middle cerebral artery occlusion
were built, rats were divided into salidroside high—, medium—, and low—dose groups(10, 5, and 2.5 mg-kg')
and a pharmacokinetic group (15 mg + kg '). Blood was collected at 3 time points (15, 40, and 120 min) after
ischemia, and the brain was taken out after reperfusion in the pharmacokinetic group. The levels of salidroside in
brain and plasma were detected by LC—MS. The brains of salidroside high—, medium—, and low—dose groups were
removed after 24 h of ischemia, and the cerebral infarct size was detected by triphenyl tetrazolium chloride (TTC)
assay. Tissue factor(TF) expression in plasma was measured by ELISA. Besides, the protective effects of salidroside

on human cerebral microvascular endothelial cells (HCMEC) after oxygen glucose deprivation (OGD) in wvitro were
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investigated, the cell viability was detected by CCK-8, and the content of NO in the cell supernatant was examined
by NO assay kit. Results Compared with normal group, the rats in the model group showed obvious infarct
lesion (P <0.01). The high—, middle— and low—dose salidroside groups could prominently reduce the infarct size
after ischemia (P <0.05, P <0.01) and significantly attenuated OGD—induced endothelial injury (P <0.01). Tissue
factor was significantly increased in the model group as compared with the normal group (P<0.01), whereas TF
expression in the high— and low—dose salidroside groups was significantly decreased as compared with the model
group (P < 0.01). The concentration of salidroside in the brain tissue and plasma reached the highest value at
15 min, and there was no significant difference between the levels of salidroside in the right— and left—brain tissues.
The brain—blood ratio was lower than 0.1 at each time point. Conclusion The results indicated that although the
distribution of salidroside in the brain tissue was limited during the acute phase of ischemic stroke, salidroside may
exert a brain protective effect by protecting endothelial cells near the blood side.

Keywords: Salidroside; cerebral ischemia—reperfusion; pharmacokinetics; brain distribution; cerebral protection;
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T DUV S 2R A TG R AR ST R
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1.1 983 Al SD HEvE R RL, AR & 210~
230 g, SPF #¢, 8 JAlWE, Mdbmt i DU H ARG R
ANERAE . VERTIES . SCXK(5T)2019-0010, i &
AMAES . 110324211104241277, i 32 T rh [ o 2
BFEBE P B BE SPF S50 sl oy, il HVF AT HIE
F 0 SYXK(51)2018-0018, FiRJ¥ 23~25 C, @&
50% ~ T0% W E R . THIRFREEEFE, 12 h 2B BRI .
AL 25 v 5] v BE R e P A0 R e AR B 1 o WAL
Wik, g% 2018XLC003-2,

DIHUALAE N B2 402 (human cerebral microvascular
endothelial cells, HCMEC), W3 a M ( L) 4
HARBAARA ], 555 iCell001,

1.2 gl 2150K0T, it RFS-H04001911021,
W T B B 25 R AE R A IR A\, s R T
98% . DMEM % 7% 5, FEB Qi /RBHE, 5.
11966025; HCMEC/D3 JERlldE 35, FEHME( i)
EFEARBARARAF, #5: ho70; &fb=FK3E
VY % 1 (triphenyltetrazolium chloride, TTC), H[E <
2 B AR A |, S 200312125 CCK-8 4
MRS, AR AR A RA R, #5: nw595;
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NO #rHk &, #a RAEYHARERAF, #5:
0021s; TF Rl &, AW HARGRAR,
5 B6501; X ORIy, 2 A YA e
Fr, #t5 . 100018-200408; H (L5 . 11099307
025) . i (#it5 . SHBM7822) . H R (4t 5 .
0J0921) ¥ R taikal, fHE Merck 23],
1.3 {U8%  2432-A1JC I MCAO #e2k, Jbatmikpls:
HBRAF; Synergy 4 BIRFHRIL, 32 BioTek /A Fl;
MCO175 CO. 55554, 5 Thermo ZAF]; Agilent 1200
ERAR AT, S5 Agilent 24F]; AB API4000Qtrap
FUiEAY, ZEE AB /~d]; Turbo Vap LVX I IRAYL,
FE[H Caliper A1) ; -80 CHAKIRIKAH, FEHE Haier 24
] ; Multi-Tube Vortexer 2] 3Z %, " [E TARGIN
TECH 7 7 ; universal 320r % & 3 8500 0L, i E
Hettich A Fl; HFAHRF, MFE—4eA 2 iYL
PABR/A ] ; ULTRA TURRAX T25 basic BURE G20k
ML, FEE KA AH],
1.4 s FREZLECRTT 80 mg, T 16 mL A4
PHERAK R, R RN 5 mg-mL ! BUGE R,
BF FH A BEER KRR B AR N VR B o 5 IR Sk v 7] 2 1
P9, ARSI 2.5, 5. 10 mg-kg™ 3 N5
1.5 S48l 25, K5 50 HSm K ERBENLIY M 5 4,
SR As I B g s KA e . . (10,
5. 25 mg-kg )AL, R4 10 H, BIAIH L5
KAFE . T ARG AR R ST R B ok €
(MCAO)AIG ], 25 AT TATAT A4 HE
AR S5 (i 2% % i A 4 P 21 S R A 5 A I 5
59 4 30 HSEE KRR AT R ki v gl Jhk A ZEAR L A
WilJE . BEALAY R 3 4, Al st (B 45245 ) 15,
40, 120 min 41, H4 10 2, AH4FNEH MO RK
H 15 mg kg
1.6 Kb s kb SEBERUSE ] 542y SR LR
S KRR sl ok ZERRL s ST 4% KA
PRI A B, TEEB A o0 10, 2 A Ml #94 5h
Wik (common carotid artery, CCA) . ANk (external
carotid artery, ECA) . AN BNk (internal carotid artery,
ICA), BhlkJeJe A s sk, IO v 4h 4L 515 5
ok ANk, BESUEZIIK S A 2 mm A0 — V7
JEUIET, KR 2dm A RIS sh ik, 30 B ka0
Ui RIEL . KRR R, A RIE SN
ANy XATFIR TR, 35 20 mm B EELRE, A
LR JE 7 BN AN LA 2 mL- kg S 2R AT R bk
WSR2, Bl 1.5 h ik g, ST EED . &=
F A SRR 25 T SRR A 3R K
1.7 KBHZETT %5 B 24 b J5 %R Rk T

PRATIREVESr, KEBIZAT R4 1E5r 5 ] Longa 5 47
P, 0 48 THMEYIeE . 145 A
HOTEEA , 528 kb e 2 D Re s 2 43 [ldk
Mz pE, R R AR T Re s . 3 4 R
PR, ERA 2 REE . 45 TAE
TG R RAKEE T o BIBRTESN N 0 20 AT 1K
BUF, f. R EAN KBRS I X, Hpd
10 H.
1.8 Ak R JE P B M (TTC) 75 M 5 K B i Rl 3
W ST o e, e, R
5 4% KA R . B Je s B Sk Ui, B T ok
&L, MWETEEERRMY A, SFXUR 5 Ak
Ao BRI AR IET 1.2% TTC BEFR$h 22 vhil
37 CIEEROEHEE 2 10 min, 1F5% K42y Bt
Zrfn, WAL YA (I E) . IR R T 10%
R R P T A 4 o A 21K TR I S 1 i e A
BRI Y 36 55 HED , i8S R bE, HZ IR
0555 B8 T SC AT 2R 8 T R B 4 i T B % i A K 1T
L, DURE A AR/ 4 i T AR R M A AR
1.9 KB P AL 1 (TF) &8 Ky K
FRURRS 5 7 BV IS = KB, & T 3.8% Mk R M
PrEEE h, FE, LL4 C. 2 000%g B0 15 min
MK o e BRI SR i 2 41 2R T kK o
1.10 M3 KA1t rp 20 50K 1 10 & ok 5z 95
1.10.1 FEACREE 30 HSClshybiblah 3 4, &
10 Ho # “1.67 TR ki TRV ], R K
RS2y, 258N 15 mg-kg's T B
15, 40, 120 min 3 BRI, BT 0.1%/F
EHEHS T, DL 4°C, 3 000 remin” (B.02F42 16 cm)
B0 15 min fi88 MK o UG 37 BP GRS 4 C
A FRER K TE M, JE I BEMS—DI 1, B2 T
HFE A 3 A BRI o T SE RS S VIR, BT UK
b, vkER K b RSN RS, BN T £ 4K 4y,
WGV o 2E . A, A B E TR A R
R, —80 CUKFEPAAFRIN, 1 AP B ARFIIFEA
1.10.2 FEAALEE N ZREARLL I BORRZA .
ML, 25 E FiEE e 0T, K%Mk,
P BRA K (L S) M ERBm A 258 7oK, 213, HiJG
BURZHZI19 150 pl, A 100 ng-mL™" AR 4
i 300 wL, WHE 2 min, 425 T 4 °C. 10 000 r-min’'
(B 0242 8 em) B0 5 min, B W 360 pl, 50 °C
AT, L 20% M EE 120 WL 25, IRiEIRS,
T4 °C. 10 000 remin™ (FELOAE 8 em) EL> 5 min, B
IR

ML A A & . WEL 50 pL ML, A&
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500 ng-mL ™' AR AY B EE 150 WL, ¥WHE 2 min, T
4 °C. 10 000 r-min”' (BJL>>F4%2 8 em) B0 5 min, HX
IR
1.10.3 FWRAIECH] O HE AL . RS FR
ZLe KA RIS, . X S B2 1 0 B 45 1 mg,
FR A B FE A 1 mg-mL™ WGBS IRC#5 FH o

G 2 ZEOGT FE it A P TC R BT DR T Rt i
WS, IS RGBSR 0.5g-mL AR T
MR T IR S LU B, W& W 050 025,
0.08. 0.032, 0.012. 0.005 g-mL™" f)— Z 31X IE S5
W, & FRR(LLOQ) N 0.005 g-mL™". ##1& “1.10.2”
T Filg 2 AR A ] £ R A 2L

T B AU P B = IR R AT X R it
WIS 1525 MR IR SR 50 g-mL BRI T,
M BRI JF 46 46 Lu s B, il #5 Wk Sl 50, 125,
3.13. 0.785. 0.196. 0.049. 0.012 g-mL™"' f— R HXf
WA, @ FR(LLOQ) N 1225 g-mL™', 1A
“1.10.27 TN MR FEAS Il 2 e Ab

BRI P TC ] = RS PR R X 2 ok 2 I %
1 mg, FIMHEERG BRI N 1 mg- mL™" PR &5 RS
o A2 AR W . TG 1 0 2 Tk 22 0k 1 0 4%
W, MOKEHBEZE 100 ng-mL ' . I 3E NFRIE
VP C ] - BB R R A AR, R R R &
500 ng-mL"%ﬂ%o
1.10.4 KA G5 A1: Agilent luna Cis (A3EFE
(2.0 mmx50 mm) . WA, A MK HEE: 285 (9:
0.5:0.5, % 0.01% HFR), BAMHIHE: LFE(:1,
#0.01% HR) . BREEVEN: 0~0.3 min, 93%~50% A;
0.3~1.0 min, 50% A; 1.0~2.0 min, 50% ~93% A;
2.0~5.0 min, 93% A, fifd: 30 °C. #iE: 0.0~1.0 min,
0.4 mL-min"'; 1.0~2.0 min, 0.4~0.6 mL-min'; 2.0~
5.0 min, 0.6 mL-min"'c HBJIHELRERE 4 C, HFE
10 plo Tk BFUEH ESI B R BT
JEE(TEM)S550 °C; GS1 A GS2 ¥ AU, GSI1 30 psi,
GS2 40 psi; CUR 10 psi; 2 F W% H E-4 500 V;
filf $# <, (CAD) Medium; 4 7 28 b £ 5 i K6
(MRM), B TR, 205 KA ) S BEa B 1
ARSI 5 % L% 1

&1 ASFXRESWZBIEMNRENBEREESH
Table 1  Retention time, related MS parameters of the salidroside

and acetaminophen

EY tw/min BT mlz FRBEN RHERE eV
YO BEEEEE 130 149.9~106.9 -59.5 -25
FR= PNt} 1.85  299.0~119.0 -70 -20

1.11 4 s

1.11.1 400 l53%  HCMEC 40 M55 3% T 58 4 15 55 4t
H, BEFREAEN 37 €, 5% €O H7IE 1X10°4> +ml”
YISIRERT 96 fLARH, B TR FRA R 24 h )E it
eS8

1112 ZEs RPN R PE s S5 B 4l &
21 5 KA A= (100, 50, 25, 12.5 pmol.-mL™)
Mo IMAZGYALEE 24 b J5# ] CCK-8 1A 41 A
671,

1.11.3 BRG] SARTALLA P fisi 4 2 e i R SEUIR A
IR EEREHIZF(OXYGEN GLUCOSE DEPRIVATION,
OGD) RS, BART oy s RIFESeI IR, AT
Sl HIARL KA 5 25(100, 50, 25, 12.5 pmol-mL.™)
ToRERE IR, AR &, 95 %N, F1 5 %CO,
RAS 15 min, FW#EN 1.5 L-min', J& P& A
AR, KA SR TR A R TR 6 he

1114 0 WP NO SaE i Bl “1.11.37
TR BB, e B & i, R A e T T
I NO i,

112 SEil By ik R SPSS 20.0 341481t
M, 25 AL B Y I IE 25 4 A (Shapiro- Wilk £
55), A S I = ARiE2E (x £ 5) TR, SRR
L 20 ik, W B3 T 22 55 1 IR
LSD—t K55, #7522 A5 MR A Dunnett”s T3 i
K. Ll P<0.05 NESFAGIHHE XL,

2 FR

2.1 205K AR B P TE K BN R Y
MW S5 AR e, Bl 24 h 5, ALK
BUH B B p e DI RE B, ZRAGIHEE (P <
0.01), SHEARIZ A, R Rk, miledln i
W F R ML IIRE R, ERAGIT
BN (P<0.01, P<0.05), 4% WK 1,

2.2 LR RPN H ALK BUNRISE m B Em W3k 2,
TTC ez s, S AL, BRI R FARM
Jry R R, TR B A SRR (P < 0.01) . S
RUZH AR, 20K . . R R4 K BUEAE T
B BN, ZRA%01%E X (P<0.05, P<
0.01),

2.3 ZLse R AFRTIIR P AL ik B A2
170204 (B 1) K e se T AR s 25 5 (R 2) F
Rt m . RSO, IrD ke sk
. ARFI R T 2 S gk, anlE 2 By
N, SAE R, AR R R P A 2 TR
KB E, ZRAFIFEL(P<0.01), S8
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T HEsfgls, TP<001; SERAILE, 'P<005, "P<0.01
B 1 AEXEXKBRWEINEERFM(x +5, n=9~10)
Figure 1  The effect of salidroside on neurological function in

rats(x s, n=9~10)

R2 ASEREWNAREEXEBAIZME(x =5, n=9~10)
Table 2 The effect of salidroside on ischemic area in rats(x s,

n=9~10)

415 FHE/(mg-kg™) AU R TBE I A%
IS - 10 0.00 = 0.00

Rl - 10 28.49 +3.17"
LR R 4 10 10 18.58 + 8.80"
LR R A 5 9 23.77 + 6.40"
LR HAGGR B4 2.5 9 20.68 + 6.81"

T AL, TP <0.01; SEIEL L, P <0.05, *P<0.01

2 500~
e
E 20004 o
20
= #i #
IH 1500 —_
4
H_,
1000
IS
SN
fﬁ

500
&
=

0=

ZEHU AL fi=rp e I (i il =i
LTRTAT

e HESAARES, TP<0.01; SEIEIL E, *P<0.01

B2 &BAAXRMEPALRERTF(TF)RIEKE(x +5, n=9~10)

Figure 2 The expression level of tissue factor (TF) in plasma of

rats in each group(x =5, n=9~10)

gL, s Rtrm . KR S48 N 7Rk
B, 2RAEGHFEX(P<0.01),

2.4 bRdE g B vt SRR ARRA B i h 2k Oy AR K
M ZHHH AB Sciex Multi Quant 1.6 (¥ 4b BREX 1
Fahih, 2503 3. g, KEm4H
W, LD R I TR R FEAE 4.8 ~ 500 ng-mL 2%

AR, EFRA 4.8 ng-mL™', 1K EUMIEF,
215 RAT A B W B TE 12,25 ~ 50 000 ng-mL ' 26
KRR, Ea FRA 12.25 ng-mL™,

R USXHEARMARRMERLEELE, LiEEE
REETR
Table 3 Typical equations for calibration curves, linear ranges,

and LLOQ of salidroside in plasma and brain tissue of rats

T SRILIT e T
(ng-mL™") (ng-mL™)
JRLHZL  y=0.949x+2.33e-009  0.994 4 4.8~500 4.8

i y=0.112x+0.002 14 0.998 3  12.25~50 000 12.25

2.5 &1 5% R AY A S i P i K Bl R K i 4120 I
DA F 4N, TELZE 15 min 5, KEUMIE MK
HAPLLF R S8 $I4525 120 min B, ik
WA S P25 RAT 8. 5425 15 min
ZH A, 40 min ANZHZI(P > 0.05) KK (P <0.01)
LR R R REAL, b P N2 25 R TS
TH#E ;120 min AU 3R 2 s K& &
KRR, Z25WAESIT¥EX(P<001), 5
40 min ZH V3L, 120 min ZH A9 M H 20 R i 2% vt &
TEHRYPHREMR, 2REARITEEL(P<
0.01) . UEBIZL S RATZEAR PIACIIE R A, i
TER—WFRL S, 22 A2 e 5t R AT S ) 22
FIGE I E L (P>0.05),

F4 ARRWAARMEHISKENERE( £5, n=10)
Table 4 The concentration of salidroside in plasma and brain
tissue of rats(x =5, n=10)

LRI/ (pg-mL™)

48 2525 15 min #4525 40 min 2524 120 min

FEN 0.04 + 0.02 0.02 +0.01 0.007 = 0.002""
Al 0.02 0.01 0.01 +0.01 0.005 = 0.002""
I3 784+ 147 317086 0380£0.170""

TE: 54425 15 min 410, TP <0.01; 5425 40 min 4 10E, 7P<
0.01

KBl 3 Won, 54525 15 min 40, 205 KFHAE
Y52} 40 min 21 EUEAN CRIAT O ) 14 i/ ot L (L CR/ i =
Ml 22w/ i ) W i by, 2R A g X
(P<0.05); fEAu CEPZE00 ) A fisi/ ol be {6 52 T s i 3
ZRLGIHE L (P>0.05), 54525 40 min 4H ¥
B, 4525 120 min ZH K RN CEP A M) 5 g8 (RpAS
) f i/ ol LEABC S4B 0 e, 2R IA SR E L
(P<0.01),

2.6 LR RAVRT B AN ANRELTS Jy s m - aniEl 4 Jr
AN § 45 N DO ) IR RS SN AR TS
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T 5425 15 min 1A, P <0.05; 54524 40 min 411EER, P <0.01
B 3 &iE AR/ M ERE (x £5, n=10)

Figure 3 The brain—blood ratio at each time point(x s, n=10)

0.00

100 4 T
®
R
H 50
=2
=
S
0-
Bk 100 50 25 12.5

2L B R/ ( wmoL.-mL™)

B4 OEREXREMAMEAINEME (s, n=6)
Figure 4 The effect of salidroside on endothelial cell viability

(x s, n=6)

M, 2255 LG FE L (P>0.05), FlliEk#E 100,
50, 25, 12.5 wmol - mL " 4k 4L #F 17 J5 25 41 M 24 %4
S

2.7 205 K AY PR M 4 B Al NO BRI
M Sasaditbis, BRI N A0AE NO 1R
WAL, ZRAGIFEX(P<0.01), SHEA T
B, LI R AR LN K40 NO R BH
o, ZRESGITFEX(P<0.01), Z5R0LE S,

A 3R NO i/ (umol < L)
j=J
W

ZAA BRI 100 50 25 12.5

2L R AF/(wmoL-mL™)
B 5 ARXEFXEERIZ(OGD)EHIKEMMEIRNE (v £,
n=6)
Figure 5 The effect of salidroside on the OGD induced injury of
HCMEC(x £5, n=6)

3 g

AWFFELE R TN, BRI PR S 223
REREAS S AR AU AL, 2 HA 7 S 06 R BRI e i P88 1
RIS 1, 5 HAb R F R gE R—S, FEZRL
SEE R 2T 5 R 455 4 38 A A s ki A AT T
A R Y Bk ) FAS = N E W O K7 IR e
A B S (R3R T PR

FEB G IR R, KR 300 mg - kg %
kST KA S, AR SRR, HES
24 15 min J5 i R BER M 205 K. H R R Hm 2
SEON KM Z W, L0 KA AT RS S 8 Y P
YA M HE A SE T, ASEIRHERE 15 mg- kg HEAT I/
W) LAY, SR ER IS 15, 40, 120 min
3N E SR S R LT R R S . 45 Rk
I 15 min J& M5 A 2T 5 R & w AR R E, FfiRs
EEER TN 5 S I v /o0 3| 4 g4 A
120 min BPZL50R B S ARAN, RUILZLER AL
PRI B R AR R

i/ i, B P 2 e 2 4 R A A 1) A FR AR, AR
S 56w JH it s ) 398 i R L B S Bk A, {E 4% R[]
SRR AN T 0.1, HASIFELE ZE . A i
AU R SR I B 25, RIS Sk
AR= et prisulllI L) RUFN e R | o <R T

SEA 2R R P A SE IR S RO R, 4
KA B AR IO 1 i B B e ARG 52 5T, (L% ke I
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