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(=) BH A Ca i R &R RS L BL 38 0 A 3534 %1 F 3% 737 (Buyang Huanwu Decoction, BYHWD) % % & 45 14 (spinal
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(Abstract] Objective To discuss the effects of Buyang Huanwu Decoction (BYHWD) on rubrospinal neurons after spinal
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cord injury (SCI) of qi deficiency and blood stasis pattern from Ca®* concentration and mitochondrial oxidative stress. Methods
The rats were randomly divided into 5 groups: control, model, low—dose BYHWD (BL) group, medium—dose BYHWD (BM) group
and high—dose BYHWD (BH) group. The SCI models of qi deficiency and blood stasis pattern were established in model, BL,
BM and BH groups with swimming exhaustion method combined with rubrospinal tract (RST) transection, except for the control
group. The BL, BM and BH groups were intragastrically perfused with crude BYHWD 12.825, 25.650, 51.300 g per kilogram
of bodyweight, respectively. The control and model groups were given normal saline. The motor function of limbs was
determined by inclined plate test, the blood state was tested by hemorheology, the superoxide dismutase (SOD) activity and
malondialdehyde (MDA) level in nucleus ruber was measured by oxidative stress and antioxidative ability, and the Ca® concentration
in rubrospinal neurons was determined by atomic spectrophotometry. The morphological changes of mitochondria in nucleus
ruber were observed by transmission electron microscope. Results On the 1st, 14th and 28th day after operation, the angle of
inclined plate in model group was significantly lower than that in control group (P<0.01). On the 14th and the 28th day after
surgery, the angle of inclined plate in BL, BM and BH groups was significantly higher than that in model group (P<0.01). The
angle of inclined plate in BL group was significantly lower than that in the BH group (P<0.01). Compared with the 1st day after
surgery, the angle of inclined plate test in BL, BM and BH group was significantly higher on the 14th and 28th day after
surgery (P<0.01). Compared with control group, the whole blood low viscosity, whole blood middle viscosity, whole blood high
viscosity, red blood cell aggregation index, Casson viscosity, MDA content and Ca®* concentration were significantly higher in
the model group (P<0.01), while the SOD content was significantly lower (P<0.01). Compared with model group, the whole
blood low tangential viscosity, whole blood tangential viscosity, whole blood high tangential viscosity, red blood cell aggregation
index, Casson viscosity and Ca® concentration in BL group, BM group and BH group were significantly lower (P<0.01). MDA
content in BM group and BH group was significantly lower (P<0.05 or P<0.01). SOD content in BH group was significantly higher
(P<0.05). Compared with BH group, Casson viscosity in BL group and BM group was significantly higher (P<0.05). The model
group showed typical apoptotic phenomena of fuzzy mitochondrial structure, disordered arrangement and chromatin edge set. In
BL, BM and BH groups, the mitochondrial structure was clear, the number increased, and the chromatin margination
phenomenon improved. Among the three groups, BH group showed the most obvious improvement. Conclusion BYHWD has
protective effects on damaged rubrospinal neurons of rats after SCI with qi deficiency and blood stasis pattern, and helps
recover the limb motor function. The possible mechanism is that BYHWD can regulate blood microcirculation, change the
morphology of mitochondria, improve its anti—oxidative stress capability and decrease Ca* concentration.

(Keywords] spinal cord injury; Buyang Huanwu Decoction; Ca®*; mitochondria; oxidative stress; rubrospinal neurons; qi

deficiency and blood stasis pattern
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HERRIS TR BRI, (o — MR i BT R
8 EBPKRSE 5 mL MK, 7 4 h P58 B0 AR
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Ak, IR A5 A WO B, 4 HR AR S U A TR AL A 5K
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2 ml, IZHLCE —R, 55 EIREE  7E BB ik
60 min, FTHF 3T, kL MM B LIAF AR SIEL T
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SCEREE R FH SPSS 26.0 A4 T Ge i #r
¥ GraphPad Prism 7.0 #3174 K, Edi LA
“xas"FoN R IESTERT 255, 24 i
KRR R J7 22000, AN R IES R Kruskal -
Wallis 325 , AT A 2255 WK A Dunnew’s T3,
PL P<0.05 hZEF A G X
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TG 5l HTNH R IRLLEE LR 5 R L, B A G
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SHRE R AR B AT 4 K BT SRR, 43
JC)NH ez mT H fiG 2l H BH 4508 e iR
FERR  TEFUK IR A T AR R L K 45 245 T Hid # vh
HITER AT,

3.2 ABUHREAT RIS,

AR5 2L ) A S 36 7 B LU, 25 St e g i
SR SL(P>0.05), AT M, RIGEE 1.5 14 56
28 K, MEAYZH RPAR 5L A BE X W R AL T B2 (P<
0.01), RS54 14 45 28 K ,BL 41 BM 41 .BH 44}
M S5 # BE R4 I8 35 AR U4 (P<0.01) s BL ZH A
SEE A BE AT BH 4H(P<0.01), SAREH 1K
LB, RJG 5 14 55 28 K BL 41 .BM 4 . BH ZHA&HK
S £ RE R TR (P<0.01) . ARRIZH AR 5256 £
EARJEH 14 55 28 REAREH 1 RIbi, 257
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® 1 BAXKRBIRRSELE A E (ves,n=6)

e Ari AREE 1R REHE14K AR5 28 K
STHEZH 61.67£6.05 61.67£6.06  60.83+8.61 59.17+8.61

FEIRIZ] 60.00+£8.94 20.83+5.85%* 24.17+3.76%%* 25.83+5.85%*
BLZ 60.83£8.61 20.83+5.85  35.00+6.32%44 4().83+4.92#&A4
BM 4] 61.67+9.83 21.67+5.16  46.67+5.16%"*  50.00+6.32%4%
BHZH 60.83£5.85 20.00+7.07  47.50+4.18%%%  58.33+10.80%"*

XA AL, #4P<0.01; SACAY 2 L, *P<0.01; 5 BH 41 [t
B ,%P<0.01; 5ARGEH 1 KA, 24P<0.01,
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x2 JBAXRMBREZIEIRCEL (vts ,n=6)

il A MARDIRGEE/ (mPa-s) A1 IR B/ (mPa-s) L1 IR EE/ (mPass) LIAMMRAESREL AR/ (mPa-s)
Xof B 47.26£17.00 6.65+1.31 5.02+0.56 9.73+1.32 3.52+0.35
HERIZH 260.40+99.33 19.13+4.93% 12.18+2.57%% 22.39+4.53%% 6.01+0.99%*

BLZ 88.48+12.46" 9.69+0.39% 6.78+0.33" 13.48+1.92% 4.34+0.52%

BM 4] 84.14+20.02" 9.53+1.52% 6.98+0.78% 13.05+0.83* 4.35+0.46"
BH 21 61.58+34.55" 7.35+2.43% 5.21£1.13% 11.75+2.06" 3.53+0.62"
TE SGXTHRGL SR, #+P<0.01; SBRLLLLEE , #P<0.01; 5 BH 41 L0552, 4P<0.05,,

3.3 MR AR A I 4t SR

5% R b g AR 4 AR I ZH | 4 if )
FHEE A VIR 2L SR SR B RAN R 8
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BH 24 MARYIZEE i IR A = DI 3h
T 411 i 3R B 8 BORN - A 5 B 45 B 4 BRI (P<0.01)
5 BH #H F#¢ ,BL 2H . BM ZH < WA %S 24 0 8 T
(P<0.05), TELEE 2,
3.4 LIREE AN ORI A AN 25

X REZH e BRI MDA 5 TR (P<
0.01),S0D &I AL (P<0.01) , SHIRIZ AR,
BM 41 BH 41 MDA % & ¥ i A% (P<0.05 5% P<
0.01),BH 4 SOD W i FH 5 (P<0.05) . BL 21 55
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BL 41 .BM 41 S5#RIZH [A] SOD & & LAk, 22 % 4
Pef R L(P>0.05), FERLE 3,

R3 ARENERLRHT AL (xts,n=6)

x| MDA/(nmol/mg) SOD/(U/mg)
popiistiil 2.92+1.61 431.17+108.95
HERIL] 5.87+1.28%* 265.44+43.10%*
BL 41 3.97£2.32 340.92+81.20
BM 41 3.3422.04* 341.04+84.14
BH 41 2.75%1.75% 396.42+101.51°

L S IR U, ++P<0.01 ; SAAIA LU, *P<0.05,%P<0.01
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Iy Ca® ¥R/ (pg/mg)
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BL 41 95.31+151.95%
BM 4{ 72.00+43.92%
BH 41 58.61+25.02"

1 SR 8, #+P<0.01 ; SR L3, #P<0.01
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YT AET BL AL, 3787 200 BB 5 3R Y7 I Ak
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JiE ,BL 41 . BM 2K U B 5% 1k (EORS otk s —
F, T BH 20K BURCH i 2 8 € R iR S AT, 1
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SCI J& A8 PN Bz 4 452 475 FR 2 2K I 1 1 ik
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B RO R R o ARG R FH IR A8 2 A
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I AR YR A AR A A I 25 SR R B SCL R B 3 3L
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PR D LA, 35 200 A3 DA T 52 e 49 228 448 L 1Y)
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1A, SOD N4 B HI HETE BRI AURHUARTERR B b
HYRE I MDA i 5 SOD i ) A] [ e 2H 21 2%
R SEAL R S BT RE T B4k Rt , 4Rk
AR B e S AT %) 20 28T X 40 ) 4 L %) 4
I HEEZ L, 208 MDA 5 SOD K24
WoR, S IRAL H A, BRI 2 MDA B i BT+ (P<
0.01),S0D & R (P<0.01), 427~ SCI J& HiFLH i
SOE=RANRE GINRAR 57 k=N o= AR B I b u =R
AR e o AR A HE A, BM 41 BH 4 A MDA
P& TR (P<0.01),BH 411 SOD & - JH(P<0.05),
UEH] BYHWD 7] i3 21 4% Zebi (4 S8 A0 0 oK -, 38
PrEAbRE ST, A A P St 4 it i Ak A A5 R
H BH AR LT,

LR E AR AL Z BH W 23 3 ATP &
2 BEL, DT {7 248 A JE B 4T ATP 1475 2R B fig 52
i, QRN Ca* FRa5™, ABFFE T Ca W FEAGIINZY
IR, 5XT R LU B Y Ca MR BE ] B BT
(P<0.01), Ut SCI J&5 , Lk AT A5 & A AR | 52 )
AR N AT 51 Ca> W LT, Ca® W L —
J5 TR RTINS [ FR A AR B, I X ERLAR 1  405 , 5
— 5 T P52 0 R A Bt sl P | A AR AR TR 28 2
U Y GGG R, N SCLEAR . T S A A A
45, BL 20 .BM 205 BH A9 Ca> 4 T % (P<
0.01), UtHIBYHWD AJ LI ] Ca? ¥R FE b F-, 447
Ca® Ay , b7 1T BUBHEE IR AR e ik, ABFSE
Oz G LT B A R B IE T X — a5 L R
B3 ) HEZH £ A% i 25 0 R TR A8 IR T AT A
T ASARLIH | A TR I , SR AR HES B 55 34 57, 4544
T, BRI 2 ; MR () 2T AZ A T A% s B
RIMG LR RIS I ik BLHESHORL , 25 Ak, B
BB e R AR I B, AP Ca® MR BER N
LRSS A 7 B g, SR g, BL 4
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BM 215 BH 21 HoF R IBE T 21 4% 4 22 T 1 A il 45
Pt & AR T AR | A% B A I G D, A AR T Uk
B BRI SR WK E , H BH 419K & 15 I e
UEHIBYHWD 7] LLGR P bR i JE A8 4544, H BH
AT BLZH BM 41,

25 LR i WK AR A RST R WA i
£ R RRVARR IS UE LAY 5 0 T BYHWD 4 T3R97
SIS LERISTE T BYHWD Xt SCI A MH5F A B9
P2 A0 MA DRAPVERT A F T SCL AR M IE K B
B SPIRERIPK A, HAILHI AT B85 BYHWD 877 IfiL
TG s b AR PT A AL RE T FRAK Ca R IER
5 BERTRATAT AR LA #2800 ek Zohi AT
SEALRE ST AR Ca® i B 45 7 1H R TE A 20
SCI JAY7 M , SR1T, 5T BYHWD J 5 ki ik A 1L
O 984 P R 0 A Ca A AR ST FHLHI A fr ik —
AAIRSE, DA B0 5 36 b B A HLAE FH AL
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