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Effect of electroacupuncture pretreatment with different waveforms on septic brain injury in rats
CHEN Ye, LEI Yu, MO Liqun, LI Jun, WEI Jicheng, ZHOU Jun . Department of Anesthesiology »
The Affiliated Hospital of Southwest Medical University , Luzhou 646000, China

Corresponding author ;. ZHOU Jun , Email . zhoujun800615@163 .com

[ Abstract] Objective To observe the effects of three pretreatments of electroacupuncture with
different waveforms for septic brain injury in rats, and to explore the optimal waveform.
Methods Eighty male Sprague-Dawley rats were divided randomly into five groups (n =16): sham
group, cecal ligation and puncture group (group CLP), continuous wave group (group CW), dilata-
tional wave group (group DW) and intermittent wave group (group IW). A rat sepsis model was pre-
pared by cecal ligation and puncture. Brain water content was detected. Tumor necrosis factor (TNF)-
as interleukin(IL.)-6, malondialdehyde (MDA) and superoxide dismutase (SOD) in serum and frontal
cortex were detected 48 h after sham or CLP operation. Pathological changes of frontal cortex, ex-
pression of Toll-like receptor-4 (TLLR4), and apoptosis of nerve cells were observed by hematoxylin
and eosin staining (H&E), immunohistochemistry and TUNEL assay. respectively. Results Com-
pared with the sham group, encephaledema, as well as brain injury and neuron apoptosis increased in group
CLP (P<C0. 05). Concentrations of tumor necrosis factor-a, interleukin-6, and malondialdehyde in serum
and frontal cortex significantly increased, and the activities of superoxide dismutase significantly de-
creased (P <C0.05). The expression of TLR4 significantly increased (P <C0.05). Compared with
group CLP, the aforementioned indicators in the continuous, dilatational, and intermittent wave
groups significantly improved (P <C0.05). Compared among the electroacupunctured groups, the
effect of dilatational wave was the most significant, followed by intermittent wave, and continuous
wave was the least one (P<C0. 05). Conclusion EA pretreatment with different waveforms at Baihui
and Tsusanli acupoints could reduce the septic brain injury, and DW might be the best one. The
mechanism might be related with the inhibition of inflammation and oxidative stress response and the
decrease in nerve cell apoptosis.

[Key words] Sepsis; Electroacupuncture; Waveform; Brain injury; Inflammation

T H . FEE A RBE A (81301055) 5 76 1 BE R R A RHIF IR (20130422)

FE# AL 646000 PO JI2 35 M TIT , PG R S BE K 2% B IE B B op 5 B (R M 22 660 MR R B O 3 L 3 I BF L 2L 4k
2K

WAEMEE %, Email: zhoujun800615@163.com



« 1012 - I PR RE i 2 2 i 2017 4F 10 A 45 33 %5 10 J Clin Anesthesiol, October 2017, Vol.33,No.10

MFEIE B 51 & 4 B RAE ] 25 A 1iE (systemic
inflammatory response syndrome,SIRS) , i & £ %%
B, A RBOET Y, MR RE T S0 5
S e BEAE SR E B R TS A R R E
BT % 5 e R RE i 453 43 10 7™ o AR B B A A OGS,
FEAR WL, HLEF B AR AR IO 0 e E A YA
SRR . LB SO 5 e A0 R B SO M
B iy o PR 3R A 45 R B ASC H K l i) TE  A
FNSR T A AN [ By F RS B 7 AR B RSO L K
B T N R & e 1 S 3 O &= i L 1 K ]
IR F BB ST D, 1 AN T 28 AN [ 5OE F B A AR
PHERIE A 225, 0 I A BIF 58 LWL 42 A [] g B
R Ak 3OS Jie i A I 405 0 5 ) O R AR G
B byl PR b 80 B)7 B 36 7 Jie 5 A i 464 47 22 4 f)
SN T

MRS

EZX A AL TUNEL T4 0 7 &
(fit*5: 11684817910) ; KEL MDA (HIt5: A003-1),
SOD i # & (5. A001-4); K TNF-o (4t 5.
E10J0403) J¢ TL-6 ik | & (4it 5. E10J105) ; TLR4
Pk (b5 . 76B357)  —Hu A E A il P (it
50 bs-1021R) . %4 AT UL % 4 ok o6 BE 3 (B 5.
UV751GD), Ff #r A% (# 5. Sunrise), 015 A1 #L
Viewfinder 4. 0 EIfGR & R4 (F5 . DP70),

Sl om AR SD KR 80 H.3
AW A 200~220 g BEDL ST A BT R4
(Sham 240) . H W 45 FL 2 L 41 (CLP 41) | % 22 I 41
(CW 4) B % Ik 40 (DW 24 i) B 9% 4 (IW 26 ,
f2H 16 H,

wAtRAE S MOk 10 ], 0 I R AR
CEHST KRR ERTIGHEHRE 2~4 mm, SR
YEIT AR AT B ML 30 min, HL A S SO0Y B S Bk
P BULREE E N 2 mA LR R I E . N
2~15 Hz, CW 4~ 2 mA+2 Hz,IW 44K 2 mA
+2/0 Hz, DW 2} 2 mA+2/15 Hz, 4 H#%
J&  FF UG E ST AR B CLP B0 o A T R34 .

SR E & SHCE1I M ks & E
5 5 FL % FL. (cecal ligation and puncture, CLP) ff &
FERIRD, KEUORRBIZSE 12 h, [ R ARoK, 18 5
1% B 280 (0.4 ml/100 @) BRIE KB, T 35 0F
H12 em PJ 0, CLP AR5 R85 W I 75 50040 H
0 SH LI LE L. 18 54 Sk M B A~ 4L, )
R N L 2 DR/ R 9 IR R R R R

K. RIGETEFEBEEEK 3 ml/100 g #1474
W9, Sham HH H R R BB H W, AFH,CW
20 .DW 20 K TW 41 52 it A 7 8% T2 1) R 4 o098k, oo
BRI CLP 4.,

WHAKSE  TARJE 48 ho AR 8 HAK R TR
Ji » ZUJRHUIAL 5l 388 3o JPE VR 3 T4 1) I 2R Ak 2 3
ER7K 200 ml F1 4% Z2 B HEE 400 ml, B N2, BT
Az W JE [ W, T R A UM
TUNEL BRI bnge, A /M 8 HRR. 24
O JIEFEVE PR AL A2 BRER 7K 200 ml, JF 5 B 38 £ figi 20
20, A BROR T 0 i A e e VR R R S T —
8OCARAF » T4 5 B 4 M PR -S54

P K R ] HRCH i 4 2 R S 3 T K
Oy RBUR S A 105°C RS PR 48 h )5
FRECT H IR A5 oK . &K (V) = QR E
—FHF)/IBE X100%",

BTG & LS B 22 5 WY R 1 0 A ik 2 41
fil% 5 pm B A WY A, HE 3 6, 5 B s
(Olympus A &), HA) T WL & Bz 5t 1) 955 BE 4544
IEAA IR IR AT IE B 2 g p a4 .

IL-6 % TNF-« & E A n R XK I 0
ELISA ¥, "t #icial 0] & e W B4 /R 0 . r s 4
AR AL 450 nm P4 & 45 FL A I OE (0D
B TH 6 R AR MR . SRR E A 3 K.

SR FEED IR AR HS Y]
SRR s 04 E A L E £ A 30 min, 285 A
TLR4 —4i(1:1000),37°C MW E 1 h F#HE T
ACYUKFE LA . PBS W% 5 min X 3 W, SRSl M =47 .
4t 1gGL E IR E 40 min, 5 PBS W%k 5 minX
3 IMABMEE R ICE RO H R . R HE 30 min,
PBS ¥k 5 minX 3 K. 4 DAB W & 5. H O-
LYMPUS DP70 340 #l Viewfinder 4.0 Ff5 K4
R G R K Image pro plus 6. 0 FAFxF EUR AT 7047
Bk Yl R 1 A — 0 R B , BEALE £ 5 A4 i
BF (< 400) T PR 40 i g

MDA 4 % 4 SOD #E W e m & &% Uk
[10].Hif 5 ml, A3 000 r/min &.0> 12 min, B |
T W 5 53 AR [R] — 3 A7 Jii 400 i 2 ot 4 850 0K B 0
JE PRI FIE W . SRR b2 R I i MDA &
T, I S AR I G SOD 6 M B AR 3 4R A
MU, SCRELE 3K,

A ZUA TR R EEM A RY) R
FLL S 227K . PBS PR 5 min X 2 K. N A K H B
K TAEW . %W F KW 30 min, PBS &%k 5 min X



I PR JRR B 22 2% 7 2017 4F 10 A58 33 %45 10 ] J Clin Anesthesiol, October 2017, Vol.33,No.10

» 1013 -

2 W F iR E W ] 10 min, PBS IS PE 5 min
X2 W HUEAR T, Y1 K Jim TUNEL & W 1R & %
50 pl. BT 1 h,PBS Y 5 min X 3 WK,
JHUR AR T, U0 I AEE AR5 50 s % R EEOCIE F
30 min, PBS #E#E 5 min X 3 &K, AIA 100 ul DAB
JEVE R, EIRFE 10 min, PBS P 5 min X 3
W, GHARKEE Y H A JE, 6B T B LG B
R 5 NANE & AL BT 7 (X 400) 0 5 I/ T BH P
MR, PHTHE R = (TUNEL FHE 40 i %0/ 40 o i
B X100 %,

Y3t o 4 R SPSS 17.0 i3 8 A4 4y b
IE A A T PR LU R bR vfE 25 (o £ 5) R 4l
li] AR TR 38 7 22 43 B, R L 3R A SNK
Kig, P<<0.05 HZERAZIEE L,

# R

JEHE T WL Sham 21 BRI AR - B o J= U 45 1 1
Wi, Mo HESI B I E 4R R TE . CLP 41k

ZLEU0 W] 22 20 B R 2 R ML B A A L TR

e Vi B O B VB R PE A s CW 4. DW 41 K
IW A0 55 5% R 4 M 28 JO 45 M LR 1E 3, 2 8k
P28 T A [ 45 (B 1D

5 Sham 4 4. CLP 41 .CW 41 .DW 4 & IW
NN 2T - T N 5 W = O 1 e 4
K TLR4 FHE40 A ECH B34 (P <<0.05) ;5 CLP
M, CW 4 . DW 20 K IW 4 1F 8 # 2 oo i+ 50
S BE T ORI T B B K i & TLR4 FH P 20 i %k
M R (P<<0.05) (& 1),

5 Sham #4114 .CLP 4 .CW 41 .DW 4 K& IW
ZH ML B B2 B TNF-o 11-6 &% MDA ¥ i B
B, SOD 36 4 B S FEAIR (P << 0. 05) 35 CLP 41 1k
B .CW 41 . DW 4} TW 4Ll 3% & 2 i TNF-o, 1L~
6 S MDA ¥ B B i J K . SOD 7 1 B 8 7 v (P <<
0.05) ;5 CW 4 It %, DW 4, IW 241 TNF-a,1L-6
K MDA ¥ B 5 F &, SOD 1% P i T+ (P <<
0.05); 5 IW 4 L% ,DW 4 TNF-o.IL-6 & MDA
We B W1 R B . SOD ¥ 1 BTt 7t 5 (P <<0. 05) (R
2.3),

TE < i ks B0 40 i
B1 AAXRBEHMHEEAR HE L E&E(X400)

F1 RAXRMETATES . S/KEM TLR4 AERABBAOLLR (x5)

41 51 H¥C IE#EM&ITC/mm®) TR E D i 2 7K = (V6 TLR4 BH 40 % (4> /mm®)
Sham 4 8 509. 9450. 2 1.6+1.1 74.44+1.3 56.847.1

CLP 41 8 223.8+14. 4° 72.247.1° 85. 242, 2° 233.0413.1°

CW 4 8 277.5459. 7% 55.445. 7% 82.44+1. 7% 155. 6+10. 2

DW 41 8 395. 0+ 39. 6 19. 545, 5% 77.541. 5% 93. 445, 6

IW 41 8 331. 3449, 2% 41,949, 7 80. 141, 1% 122. 049, g

W . 5 Sham 4 % .* P<<0.05; 5 CLP 4 [L#."P<0. 05; 5 CW 4 b4, P<<0. 05; 5 DW 4 [k, P<<0. 05



e 1014 - I PR RE i 2 2 i 2017 4F 10 A 45 33 %5 10 J Clin Anesthesiol, October 2017, Vol.33,No.10

%2 HAKRIME TNF-o.IL-6 MDA K E 0 SOD i& 14 iy L % (pg/ml, x %)
21 5 HA TNF-a IL-6 MDA SOD
Sham £ 8 58.53422. 07 38.9848.83 9.754+5.70 545. 68431. 09
CLP 4 8 187.59+19. 70 135.41+12. 20° 53.7248.15° 167. 77 +£45. 90°
CW 4 8 153.43413.59™ 109. 6649. 94 42.61+7.49™ 214. 59+ 34. 00
DW 4 8 97.06+13. 62 74.20411. 32 15. 89+3. 99 480. 244 46. 50
IW 2 8 128.16+12. 264 91.3747. 64 25.7945. 38 315. 824 54. 35

1 : 5 Sham 4 %, P<C0. 05; 5 CLP 41 % ," P<C0. 0555 CW 4 %, P<<0.05; 5 DW 4 H &, P<<0. 05

%3 HAKXRKEE INF-a.IL-6 . MDA & E#1 SOD i& {4 i Lk % (pg/mg,x £ 5)
24 5] H TNF-« 1L-6 MDA SOD
Sham 41 8 83.37413. 87 75.31411. 80 10. 311. 47 151. 35421. 07
CLP 4 8 317.55+£23. 08" 244.09+16. 74° 57.2547.14° 51.23412. 42
CW 4 8 269.38418. 35% 176.57+13. 81 36. 7843, 75% 69.56+13. 91"
DW #H 8 131.29413. 69 83.21+7. 42" 18.3242. 67" 121.58418. 03"
W4 8 191. 3022, 42 119.20+9. 87 28. 2346, 38 97. 45412, 52

¥ : 5 Sham A ,*P<<0.05;5 CLP A & ,"P<C0.05; 5 CW 4 L& ,<P<<0.05; 5 DW 4 H& ,¢P<<0. 05

5] it

AWFFE I T CLP & &L, Y645 F Al W CLP
2 M 45 v B O 2H S R AN T L B 2 A0 AR R AR DN
CAGE R T W 1 A i TR Ra: i & 2l R ]
BRI £ BT o AN [ % ol B A B 6B 03 I
5 H AR AR L 3 2 B L TR X e 7 RE 5 30 i 1
Wi AT — %€ I RIA Y7 (A .

T 5% UIF S H BT 190 Ak B AT ek 4 A e B RE S B0
LU EZ D Ive i L= R S Ak (o S R N [ N 5 o ]
WS BT IR | 5 B A5 T SR RO
i) 23 7 A AN ) B 50RO T R AT Bk A
G QAR I N 53 A U B A = I A W O |
F2 O A B A i T ) W I AR D AR
W45 R B oR AR Y H BT AR BN CLP A58 K
¥ 75 0 T SO 45 405 B AT AR VR L DW 2l B
BT IW A IW AT CW 4. HEMARJEHE A
WA HEMIPT R 5 UL MR A . LA 5 )
ORE G I A T A2 5 ) DB 38 e I % 2 R AF
TEA AN B AT RE s I B S B LA BTl

N7, R S I L e Y AR A, AN [ b IS i
Z AV W) TR L« 38 3 A [ 3 A8 AE S [ 8 A7 A
SR HER .

J¥ 5 i i 3 43 i 2B WL 52 2, BIF 5 3R B AR AE A
JOTE R 0 M ) o 3L A o R v R S O B M A
FANH L OARHIE g A5 R W, e RE R R | R R
TNF-o, 11-6 ¥ B B & 14 i, [5) i5F 2 B TLR4 %3k
B, B A M 4 B DR 7 e 7 A T S0 45 45 19 K
AVRER A REREEEM . MY A AR R
ML B2 i TNF-o Fl 11-6 #% B, TLR4 ik R . 42
715 LB A 3L i R 47 7 FH AT g 5 00 48 RE R N
A, BN, RYER T AE & LR = A KR A A W
B L U2 U5 | 1 T N v T
ST I H B T A AR B S A0 T U
0 1 [ B A A 1 3 L R MDA ¥ JE [ I . SOD
T PR 3 A L 4 7 R T A BRI R 4 4 AT g
GE=RANA: Gra VAN o 2R R R F SR 1
WFoE e R —8

25 TR AN R I B R B A BRI A
R =7 AR R O BV BE A ik A5 5, B



It R R 27 2 3% 2017 4FE 10 A% 33 %55 10 ] ] Clin Anesthesiol, October 2017, Vol.33,No.10 e 1015 -

’f%j:)ﬂ’ﬁ;ﬁﬁ ;DW /f/E FHE B2, IW 1/'5 FH ‘{j"\ 2 ,CW &g improves survival in rats with lethal endotoxemia via the au-
% . m%ﬂﬁfﬁﬁ'ﬁﬁﬂ ‘Fﬁﬂ ﬁ\iﬁ ol /%:k%ﬂj{%f(ﬁﬂj , Uﬁtf};ﬂa tonomic nervous system. Anesthesiology, 2012, 116 (2):
R 106-414.
AR TR Lo ZRA, Fifw, skmepe, . B S HUE LB .
5 % X B 4%, 2015, 35(5): 525-528.
[10] Chen Y, Zhou J, Li J, et al. Electroacupuncture
[1] Gofton TE, Young GB. Sepsis-associated encephalopathy. pretreatment prevents cognitive impairment induced by limb
Nat Rev Neurol, 2012, 8(10): 557-566. ischemia-reperfusion via inhibition of microglial activation and
[2] JEZ. BFh, oAk, S5 JHeRERE AH OGP AN 5 1 BT 50 2E . Il attenuation of oxidative stress in rats. Brain Res, 2012,
PRIRI# 2% . 2016, 32(7) . 717-720. 1432 36-45.
[3] X, Wisiss, BRLE, &5, WA SR w7 B 6 455 [11] Zhou ], Chen Y, Huang GQ. et al. Hydrogen-rich saline re-
Mg, AR R 2475, 2014, 34(8): 982-985. verses oxidative stress, cognitive impairment, and mortality
[4] Wang F, Zhong H, Li X, et al. Electroacupuncture in rats submitted to sepsis by cecal ligation and puncture. ]
attenuates reference memory impairment associated with as- Surg Res, 2012, 178(1): 390-400.
trocytic NDRG2 suppression in APP/PSI1 transgenic mice. [12] TaoJ, Zheng Y, Liu W, et al. Electro-acupuncture at LI11
Mol Neurobiol, 2014, 50(2): 305-313. and ST36 acupoints exerts neuroprotective effects via reactive
[5] Fan XW., Chen F, Chen Y. et al. Electroacupuncture astrocyte proliferation after ischemia and reperfusion injury in
prevents cognitive impairments by regulating the -early rats. Brain Res Bull, 2016, 120 14-24.
changes after brain irradiation in rats. PLoS One, 2015, 10 [13] Xiang XH, Chen YM, Zhang JM, et al. Low-and high-fre-
(4): e0122087. quency transcutaneous electrical acupoint stimulation induces
[6] #wc. A2, BEw, 25 o 5 000 3o 0 IR 9% 3 AR 5 A %0 different effects on cerebral mu-opioid receptor availability in
Ty e Ko i v R M 0 5w I R RR B 2= e AR, 2015, 31 rhesus monkeys. ] Neurosci Res, 2014, 92(5): 555-563.
(11): 1073-1076. [14]  BREE, BORTAE. S E 5L, 5. A Xl 48 M g 5 R B il 25 A i
[7] Torres-Rosas R, Yehia G, Pena G, et al. Dopamine mediates va- ZH SR KA 2K L B- PRI ME IR F B e 2 ST AZRE ST B R 4T ) BF
gal modulation of the immune system by electroacupuncture. Nat 4%, 2008, 33(2): 98-102.
Med, 2014, 20(3); 291-295. SRS B 91:2016 - 12 - 13)

[8] Song JG. Li HH, Cao YF, et al. Electroacupuncture

LB AR - g
Qe AR JBR I = 2% 35 ) 5% T 22 AR AN i 47 24 1 75 1

S AP AR T B A P AR A L O 1 IR BT A T e A R R e S X b 2 BT L — A — R T A
ARARGAT A — 22 T2 A PR RIBCLLT #8506 - (R 5 ) B0 BT A1 2 U7 AR 1 BSR4 4, JF = 0 305 B 7 3055 A 1L
(OBERRIG 3 > F A AW B 1 Ak 258 5 DL 3 1 TT BT 7 o D] v 5 4 2 8 At 1)L 34 50 45 20 R R Bk R AR L DD 0 — R R 8. (3D
R AN 2F AR AR S AT S R I A A DA LR AT G ORE A AR A 0 o AR — AR A U AR R (O e
PF R UE 52 22 — A T 7 TFDRE 7 2% 7 I 3 L )8 S8 32 SC R0 P B O 1] A0 3 T 7 008 41 5 2 AF N TR 48 e S AT A RO AT AT
Fefi.



