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Effects of Gleditsia Sinensis Lam. on Cerebral Ischemia Reperfusion Injury in Rats Based on Partial Least
Squares Method

DONG Nana, CHEN Xiaolan", DENG Bili, WAN Jing, CHEN Yao, PENG Mengting(College of Pharmacy,
Guizhou University of Traditional Chinese Medicine, Guiyang 550002, China)

ABSTRACT: OBJECTIVE To explore the protective effect of Gleditsia sinensis Lam. on brain injury in rats following
cerebral ischemia reperfusion injury, and the effect of the drug-effect site. METHODS There were 6 groups: sham operation
group, model group, nimodipine group, saponin group, saponin + volatile oil group, volatile oil group. The rat model of cerebral
ischemia-reperfusion was established. The neurological function score of rats was measured. The water content of brain tissue
was measured. The contents of interleukin-1B(IL-1f), interleukin-6(IL-6), tumor necrosis factor-o(TNF-a), malondialdehyde
(MDA), nitric oxide(NO) and the activities of nitric oxide synthase(NOS) and total superoxide dismutase(SOD) in the cerebral
tissue and serum of cerebral ischemia rats were determined by ELISA. Finally, partial least squares method was used to
comprehensively analyze the cerebral protective effect of different components of Gleditsia sinensis Lam. on model rats.
RESULTS Compared with the model group, the neurological function score of each group decreased, and the brain water
content, IL-1p, IL-6, TNF-0, MDA and NO content in the brain tissue and serum of the rats were all decreased. The activity of
NOS was inhibited and SOD activity was significantly enhanced. Partial least squares analysis showed that the protective effect
of saponin 4.5 mg-kg™! on the ischemic reperfusion model of rats was stronger than that of saponin-+volatile oil 6.1 mg-kg™! and
volatile oil 1.6 mg-kg™!. CONCLUSION Saponin of Gleditsia sinensis Lam. has a certain therapeutic effect on cerebral
ischemia-reperfusion injury in rats, its mechanism of action related to anti-inflammation, resisting oxidative stress.
KEYWORDS: Gleditsia sinensis Lam.; cerebral ischemia reperfusion injury; partial least squares method
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WIAEAEAR R RO R RORAS B2 S, 548
IBIT IR 25 B S

YA Gleditsia sinensis Lam. A 5B )
JEMTIRA T R, hEZ 8 2020 4R RRICE,
DA o 25, mEanyr i . Bk, Im
IRIF Rl Lk, A BdMhSa
A B AR, (RS S R B
IGIT H KU A RO A, DRATZH AR I/
SRR I i AR SE IR I AL AR SE TS AT . B
JF TR AKIBIT Il e 1 VR PO T K 78 2R i dE
DIREUR R, BB R RIFH/K), GiRE
B F R R ALY, TR 2F B B RN 5 A 7K
HRVAT BB RO, SR A R S R4
WEIRIT R, BRI EoRe i HA O A 1 0 i
YERAKR . S T WIRA G 2F S A 880, IR A
W FE B8 LAl A S 56 SR FH R I S0 U A A Rk 44
WU 8 B RV R oy, S R BOR il b 3l ik P
%E(middle cerebral artery occlusion, MCAO)fEHI
M E R - FNT A0 I 3% 45 O T LU o e
By 1 1R EES 50 0 N W 7 | SR R B 7 A )
SO, SRR S R AT I i i 2 5 7R R A
il Rl PR I FH B A i

P e /N — ek MOV —Fh 2 {48 e 5 Z2 A AR
S/ MEARRIE AT 2, B, B
ST . Zondetklla 3 Hata. ERH
TR i —Fh 2ot ik, HAAERf{L .
TAEREW/N, SR EW . FHRE SRS, —H
PISRGTZ T . Bk, A9, Bee 24
Yy SRk, AR A N B B 24 2 B2 5T
GRS AL L 25 PR SR 2 BOR T 2507
MriFAn 259 sh i Je 255055, BAR T LAAS 3|
AR R, (BfEfEfstnES . HHTRER . 5%
FOUL PR 25 e A (), ARG R FH O 25 4 i
Pt e /N Z e X S S5 SR AT IR, A 2R 2R S
IS PR o3 B Y RIS

1 &7
1.1 X%

A RALRFE A, HE5 . 20170408); A
BT RS R TE LI E R,
R AR EUS , KA D101 KfLRIg4iML, i
21 g AEZhalifets 135 mg IR . 50 mg BT
FREBUE A 2 AH 15 g, SR COo I AE 3 M4 5 B
B, URBUEE 60 °C, 15 min, JR5% 300 MPa 4%
F 4% 266 mg ZEH), BI 1g 425455 17.7 mg
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R HUSL,

S rh [ 2 8 2020 4RI — 08 A R S H
FHA (1~1.5 @) M AR R AR 40 5 mlR R B H
U, FRTEA —EMEEEN, FElR
kR AR 1 g #5 K A FH 25500 i Rl fig
KB —E YT R, s A B R H R 1 g,
AR B KRBT B L HGARE, B4R
4.5mg-kg; EEYIHN 1.6 mg-kg'; EAF+IER
Yt MR 45 mgkg!, R 1.6 mg-kg!, Ik
A 6.1 mg-kgo JEBLHLAY B (5 250 S A A A7
BT, 45 170606)% 25 7 Hd i B =5
N HHE 70 mg #55 HK B H A 255 58
6.3 mg-kg',

1.2 ¥

SPF % SDA K 48 H, i 250~280 g,
W HEREFEE B ARGIRAR, eV
5. SCXK(%)2012-0011, LA AR 1R 77
H oK, RS AR SR 7 d.

1.3 k5]

SO AL DAL BRI £ (525 A001-1). A
TR A (RS A003-1). —E L AR A (TR
T A012), —FALAS I & (55 A014-2)
Y A e st R AR ) TRERF ST ;. ELISA 51 &
IL-1B (8% : ZC-36391). IL-6(%%"5: ZC-36404),
TNF-a(525: ZC-37624) 4 [ i A4, 2R
f&f (Biosharp, #1t5: 1804895); PBS Wilathaz ik
(Solarbio , 0.01 mol-L™', pH 7.2~7.4, #t5 .
20200911),

1.4 14

Multlskan Mk3 FiEFR{(FEER KR R
Nl ; DZKW-4 B RZK 8 (A0 T 2Bl A A
FRAF; AUY220 A7 KT [ - R 20 3%
(FE)YAERAT]]; HC-2062 w53 B O ALCE B R
HEERF2EAER A FRA R
2
2.1 . .

¥ SD KM R TF AL, BiRIA | e
HoF-2H(6.3 mgkg™) . BH A5 mgkg) . BH
(4.5 mg-kg D+ H B (1.6 mg-kg V4 . YA
(1.6 mg'kg™), H4l 8 K. JesHh V4wt 15 245
Z§ 2.6 mL, HARKAZG T 5045245 30 L,
BRI AV FARA Yl SRS T oA 3%l
-80 MYAFHERIK 30 uL, SEELRZGET, DLk BRI
KR, BRI, HZES PE MR Mt i 5t
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PR AN BTN 02 cm, BHREET & 3%
I E-80 A FEER KO 25 A S A& A5 2570
KRBT BRGEZG 1K, EEHZ7d, K
WAy 1 h R,

KERGERIRT 12 h ZEEREK, RAZ LN
#7 K MCAO #RY, fifi F 4% 7K & B (55 100 g
0.75 mL)ME EH ST, REREUREES , MALEE, A
FUEPBIIF, 8. BEIUE . SUNAFSNIK,
ZEFLIUE . WAk, FESr X HARET—/INE, i
AHZZ) 025 mm L, HAREZ) 18 mm,
T RN 0.5 em VUL, B 2 h JEIRHE
LR EHNT O, JEHEE 24 he

BFARAL B M, Jofazifi A KR40,
FoR AR 5 A A
2.2 MEAT IS

KETFA 24 h J5 , #45RH Berderson 1438,
VEorbRE: 0 /- RICNTCIER ; 1 /- RINEET L
fRXHMET; 2 43R BN G s 3 R 8
Rt xR 4 S RICHARITE, B,
VPN 1~3 43 FR B R ) .
2.3 iR E KA

TR 240 5, RERIERE, 7 BIHGH
MGZHE, KPR E, R ET 105 °CHHAL
ST RN LT B E AR E . AT
HAFKE, WME/KE=(TE-TE)WE=100%.
2.4 AAEFEARELI

WGP 24 h JEORRURRES, IEShkIuLL, #
B 0.5h, 3000 r-min! B0, BT BUMLE R
TSk, I i i 2L 2RO ERR I, AE VK R R
10%lZH 21413, 3 000 r-min~' 0> 10 min, AR
R 1 U I S 003 B e ot A i 2 2 TL-18
IL-6. TNF-a, MDA, NO %4, SOD. NOS ik,
2.5 GileFEk

BRI J5 2253 M SR R ] SPSS 19.0 42
THRAE S, THEBEEI L X £5 FoR, 41
K FH B IR 2% 5 22 90 # (one-way ANOVA) LSD 45
By, P<0.05 RHZFASIHE L /b3
B s R SIMCA 14.1 8t B/ — e e
S M EEA LIRCEEIA TN 0 HT
3 Z#R
3.1 HREEFESEER
3.1 AT BXMEAT R 5RTF
AR EH, BERIY] K B 4 D RE BB T 4y 18 25 T
F(P<0.05), FEAEBINLT); SHIRA LA, &%

o E AR 22 2022 4F 1 A4S 39 4545 2 1)

2P AR (P<0.05), 455K 1, £
AU R B 222 A MEEVE

3.2 FEIF X R SR dR of P A K e s
S5RFARA b, BRI R RIHS &K R
TH 5 (P<0.05); SHIRIL FbEE, 4254 NS K
I AR (P<0.05) o 2 W45 25 25 41 % K R i e 1t 75
R A A RIVER, S5 R I 2,

z1 REEHARATAZETIN(IEs, n=8)
Tab. 1 Behavioral scores of rats in each group after surgery
(xts,n=8)

2115 Fil4E/mg-kg™! KA 5 PE4
BFAR4L - 0
HEAI 2] - 4.00+0.00"
Je B 741 6.3 1.00+0.702)
AT A 6.1 1.70+0.632)
US| 4.5 1.40+1.142
I 1.6 2.1041.89?

T SERFARALIE, YP<0.05; SHERHLE, 2P<0.05,
Note: Compared with sham operation group,’P<0.05; compared with the
model group, 2P<0.05.

xR 2 BAEXNARMG D FRERAMNNEE (s,
n=8)

Tab. 2 Effects of Gleditsia sinensis Lam. on cerebral edema
caused by cerebral ischemia-reperfusion in rats( x £ s, n=8)

215 ik /mg-kg™! ik 25 7K i /mg
BFARLL - 79.12+0.34
PRI - 82.91+1.751
JE B4 6.3 80.37+1.182
W ZE R4 6.1 81.49+1.022
AT 45 80.75+1.312
P4 1.6 81.48+1.24?

T HSEFRYIE, VP<0.05; SHEMLI A, 2P<0.05,
Note: Compared with sham operation group, "P<0.05; compared with the
model group, ?P<0.05.

3.3 JEA RIS R P JAE PR A

SR e, AR R 2 K RN 2H 2 % I 3
IL-1B. IL-6. TNF-a ¥ i & F 5 (P<0.05), S5
RIL LB, 45 25 25 4K BRI A 20 B i 375 v R 6 A
FHIREAL, bR Bi 4 S 2 rdlh IL-1B8.
IL-6 . TNF-a ¥ i i E BN (P<0.05); BH+ZEEUY)
i IL-1B . IL-6 52 REAIR(P<0.05) Z5 4L W3 3~4,
3.1.4 A RXTRRNAZ XS SOD. MDA
sgm]  SIEFARA R, BRI R BUKZ 2 i
i SOD it i 5 F#{IR(P<0.05), MDA & i b
FHE5(P<0.05), SRR LS, JeHH -4 4
LU SOD TV 1 2 4 (P<0.05) 5 W AN
AL MDA 35 ¥ i FEK(P<0.05),
RN 5~6,
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R3 KEFEMARMARFIEETHFHE(X+s , n=8)
Tab. 3 Effects of Gleditsia sinensis Lam. on inflammatory
factors in rats’ brain tissue( x s , n=8)

1 Fla IL-1p/ IL-6/ TNF-a/
mg'kg!  pg'mL! pg-mL~! pg-mL~!

BFAA —  5.749+0.287 23.020+1.262  40.30+1.36
FRALH —  6.734£0.506" 25.960+2.144) 45.07+2.78"
JE S T-41 6.3 6.108+0.2732 22.588+0.9752 41.71+2.41?
BIFAERYA 6.1 6.155+0.7822 23.238+1.9732 43.00+2.53
LN 4.5 6.195+0.504% 23.395+1.5802 41.37+2.68%
HEA 1.6 6.578+0.443 24.609+0.955 42.77+1.77?

T SRFARAILE, VP<0.05; SR LE, 2P<0.05,
Note: Compared with sham operation group, VP<0.05; compared with the
model group, ?P<0.05.

R4 BIEAARMLFFRERTFHERE(T+s, n=8)
Tab. 4 Effects of Gleditsia sinensis Lam. on inflammatory
factors in serum of rats(x s, n=8)

o i/ IL-1p/ IL-6/ TNF-o/
21 51 mgkg!  pgmL! pg-mL-! pg-mL!
BFAR4 —  2.89+020  10.799+1.394  5.749+0.287
PRI —  4.07£0.55)  15.425+1.754D  6.734+0.506"
J& B F-4H 63  3.04£0.22Y 12.150+1.452Y 6.108+0.273%
BAFEERIE 6.1 3.59+0.380  12.239+2.196Y 6.155+0.782
BATA 45 3.5020.64Y 10.965+1.2032 6.295+0.504%
P4 1.6 3.45+0.537 12.456+1.9922 6.578+0.443

H: SERFEARALE, VP<0.05; SHEHEIA LT, 2P<0.05,
Note: Compared with sham operation group, "P<0.05; compared with the
model group, 2P<0.05.

£5 BT EMNARRELAL F SOD.MDA # & (X 5 ,n=8)
Tab. 5 Effects of Gleditsia sinensis Lam. on SOD and
MDA in rats’ brain tissue( x £ s, n=8)

Fil it/

3.1.5 AR KFKHLS LIMEH NO, NOS
Fem ST ARLM g, BAIA K R4
K iE i NO & . NOS 751 i & T (P<0.05).
SRR g, Bl SRS R AR
YA LRI H NO & i B E FIR(P<0.05); 2
HAHARAF+ZEBWZH P NOS 15 PEFER(P<0.05), 45
UL 7~8,

RT BT EASARMEASE + NONOS H & (X s ,n=8)
Tab. 7 Effects of Gleditsia sinensis Lam on NO and NOS
in rats’ brain tissue( ¥ £ s, n=8)

205 FMik/mgkg!  NO/umol-L™! NOS/U-mL™!
RFARH - 1.172+0.100 0.331+0.027
HEAIZH - 1.754+0.424" 0.434:£0.054"
JE B -4 6.3 1.392+0.2102 0.390+£0.056
BRI 6.1 1.325+0.2622 0.374+0.0322
B 4.5 1.379+0.2432 0.373+0.054%
ERITY 1.6 1.63+0.407 0.426+0.055

H: SIRFEARAILE, VP<0.05; SEHIA LE, 2P<0.05,
Note: Compared with sham operation group, "P<0.05; compared with the
model group, 2P<0.05.

=8 BIEXNARMAEF NO. NOS W& (x+ts, n=8)
Tab. 8 Effects of Gleditsia sinensis Lam. on NO and NOS
in serum of rats (x £s, n=8)

i/

215 - SOD/U-mL™" MDA/nmol-mL-!
mg-kg!
BRFARH = 538.47+46.84 5.81+0.43
HERIZ - 464.94+45.321 8.20+0.75D
J& B - 41 6.3 524.83+43.172 6.91+0.85%
AR L 6.1 507.18+53.05 7.13£0.77?
B 45 522.23+24.85% 7.3140.562
R 1.6 498.74+49.04 5.81+0.43

T SERFARLIE, VP<0.05; SHAIHLE, 2P<0.05,
Note: Compared with sham operation group, VP<0.05; compared with the
model group, ?P<0.05.

F6 BT EXMAKRMEF SOD.MDA

(X *s ,n=8)

Tab. 6 Effects of Gleditsia sinensis Lam. on SOD and
MDA in rats’ serum( x £ s, n=8)

2157 i /mg-kg  SOD/U-mL™! MDA/nmol-mL""!
RFARLL - 65.38+2.90 3.31+0.47
HRTY 2 - 57.99+5.32D 4.14+0.61"
JE B4 6.3 63.64+5.032 3.82+0.70
AR 4L 6.1 62.30+4.95 3.69+0.34
BATA 45 62.12+4.68 3.45+0.66%
HEUA 1.6 62.79+5.26 3.92+0.62

T SIFARALE, VP<0.05; SHAIYILE:, 2P<0.05,
Note: Compared with sham operation group, VP<0.05; compared with the
model group, 2P<0.05.
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2053 B NO/pmol-L™! NOS/U-mL"!
mg-kg!

BFR4 - 31.14+6.29 212.00+21.13
(e 2 66.12+11.10" 318.18+43.301
JE B4 6.3 45.50+9.39? 216.9639.622
AR A 6.1 51.164£9.57% 236.78+43.09?
AU 45 54.50+£12.132  245.98+39.20?
B4 1.6 61.92+10.83 298.72+16.02

T HSEFRYIE, VP<0.05; SHEMLI A, 2P<0.05,
Note: Compared with sham operation group, VP<0.05; compared with the
model group, 2P<0.05.

3.2 HETF R T IRIEN G T R AR R 4L ik
PP T A5 800 P

ALY 6 MBI R THEEIE, K45
PRSI E I TAREL AL ET, AbBRZEIRILEE 9.

#3229 P EH A SIMCA 14.1 TR i 7 /s
RPN B AHEARNY VIP AR R
FERREE 1), AR R R AR DR R I A
FeFR AT AR RERE J1, VIP (EMOK, P AEA S
B iz R bR o A B sk R ), i NOS . il
H1 NO. i SOD 4 VIP {H#1>1, HAbiEbriy VIP
44N, Wi NOS. i NO. it SOD
XIHERIZE | TR S A 4R 25 4 22 S otk o= T
HAFEr

R E BN 252 2022 4F 1 45 39 45 2 1



RO AHHEEE
Tab. 9 Collation of data of each group

A 1?%% 2 H Je 5 %%ﬁ+ e I
AR BRI WA FERA LYE:N

i, TL-1B 289 407 3.04 3.50 359 361
I TL-6 1080 1543 1215 1224 1097 1246
M TNF-a 575 673 6.11 6.16 630 658
M SOD 6538 5799  63.64 6230 6212  62.79
1. MDA 331 414 3.82 3.69 3.45 3.92
Ifi. NO 3114  66.12 4550  51.16 5450  61.92
M NOS  212.00 31818 21696 23678 24598 298.72
i TL-1B 575 673 6.11 6.16 630 658

Jidi IL-6 23.02 2596 22.59 23.24 23.40 24.61
fili TNF-o 4030  45.07 41.71 43.00 41.37 42.77
fili SOD 53847 46494 524.83 507.18  522.23 498.74

fili MDA 5.81 8.20 6.91 7.13 7.31 7.88
fili NO 1.17 1.75 1.39 1.33 1.38 1.63
fili NOS 0.33 0.43 0.39 0.37 0.38 0.43

figi 7K b 79.12 8291 80.37 81.89 80.75  81.12

KR/ N —IRE IR R, WA 2.
F AR RRECY T AR (S.0, —0.5), JETHF

VIP{H

ZH(1.7, —0.1). WBHFLH0.8, —0.7). BAF+AEBIH
(0.4, 0.9), FEYILH (2.3, —1.3), BRI (5.6,
0.8), fEAFoTIEI, BARRIAYY) B s, M
X —4F AL, FTRABAE N 25 2 5T R s i
W Bz SR FARA MM —2, XETE
AR TR A i P s . AR R AT LU
FARA GHRI 5, RFERKT, %4
2520 SR T AR GG T Sk Je 5 b P-4
AT BATHRERA . FEBUA . BRI fr
DAFE 12 S 50 v 45 2H 0T R BRI ke 1t P T e A
SRR N e BT 4> AT 4> R AT+ AR HU 4 > 42
B4l
4 Wit

PARHIETE R I, A Ak IO i e ot P 1 s
Uk R MR 1) 2B AL, AR SR 5T A
M2 MKk &S, PUA AR R
P4 (reactive oxygen species, ROS), Mi#Li&
ROS IHBREHEME T I%, 3% ROS #HM, KiEm
ROS 23240 M S H BV A0, AT S iy A2

1 VIP [
Fig. 1 VIP diagram
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i g o PR 3 S Ak R MR I A, R
BERIFHLHI Y, S E kA S, SAE 2 R B
WO, RGN, 4 IL-1B Sr kg it 242
HE TNF-o BYBCTE , R 38 XA gt = R e 2 i
S, DTN S A 522

ARSI R, Ry 2250 BTk AT geit oA,
EZNRIIRR T, B BA ) | AU+ 1T
L BN A ke i BT — i R AR,
SRR i, (R JCIR E AU+ B AT S A
M7 RS o i e/ N33 50 T e 2 K1 28w
FEAR T RE 2 Wb 5 e i A 1 g 48 B ov) 45 2H 22 55 1)
TR, JEEEAS S EDAS th A AR R 53 (T 7 3R
B, SR BRAAITR: B> R AR RY> A I
Yy, B0 R R AU AT, AT RE Y D R
T B I A0 30 R 2 LA 1) 1) 25 U 2 Sl g g e 2
Wi, SREEM, 2w TR, B
AP+ BT A AT RO R B A A, EHA
A SR 1 e i — 2R

Zr LIRSy M AR R
H 2 R B AT LA A8 A i ke i K BRUG 2H 2 K i
7 IL-1B, IL-6., TNF-a., MDA, NO &, NOS
TEPE, JFREGm SOD Mk, HAERMLH SHiR . bt
AR A A OGS 2 i R BRI sl ot P39
it o
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