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(HWZE] B8 AR K EUE BEH (spinal cord injury, SCL) Fi J5 35 77 % 24 1k B2 JIit B2 I (Aromatic L-amino acid
decarboxylase , AADC) 20 Jitl f1 43 411 LA S SCI J= A IRl B (8] Be AADC 4 it %35 5-52 (i (5-HT) ke sl . 7% :60
HOUAFEHETE Wistar K EBEAL 2> 4 1E 5 % B (12 2 BB 2d 4 (24 2, H P BT AR /Sham 4 12 H) Jo&
BEH 60d 41 (24 2 H AR TAR/Sham 20 12 H), GRS &4 B T10-T11 A 8656 4 B B 1~3mm ), 1
SEF RN B T10-T11 2R Wi 8 | ffi H BBB PF 40 FEAN SCT K BUAS [ B 8] 25 )5 2 s D he o 45 41 K BRUAE A iz e
() pi2 V7 A, O EL 7 B R AT 30min A8 I 1 S8 AN IR PE 5—32 (6 B R (5-HTP) (100mg/ke) , Ha 5 2¢ 6 2546 1 5 i
HE B (L B ) AR 2 B (S+C Bo) ™ AADC FiI 5-HT Rk KF, &R :SCl KRIEARSE 1~2.3.7.14 .28 .60d ¥ BBB
W43 514 0,1.00+0.58 ,3.30+0.95 ,6.30+£0.10 ,7.50£0.36 ,7.87+0.08 4 . AADC 2 Jifd =2 A6 A BE 10 H5 /A [l |
e oA P AR B A TR o TE R R R 0 2d 0 RVE BE RIS 60d 41 AADC A B 7E B L B 146,75+
5.50.49.50+4.87 .48.50+6.38 /i~ , 7F i S+C Bt R 1026.50+66.59 ,1066.75+80.56 ,1046.25+67.79 4~ , =41 45 R+
o TE i 35 P 22 5 (P>0.05) o 1F H X BR ALK BRUB B 1 BEA S+C BE AADC 4 il b R L 5-HT 19 %35, {H7E SCI
2d 470 SCI 60d 4 ¥ W< ] AADC 4 2235 5-HT, L Bt % 41 35 1K R 23 51 49 (44.4346.03)% 1 (96.20£1.53) %,
S+C Be4y i (44.45£5.71) %M (95.1423.02) % , 15 41 1] 22 55 A Wk 35 Pk (P<0.05) . #518 : AADC 4 fitd 76 A i ity 12
T10~T11 24 W 53 £ T 5 22 5K it PN AR AL AR Bl . SCI R, 5845 T 11 LA R B 88 P i) AADC 20 i D g 38
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Spinal cord transection induce aromatic L-—amino acid decarboxylase cells to produce 5-HT/ZHANG
Xiang, CHEN Ying, YAN Fengxia, et al/Chinese Journal of Spine and Spinal Cord, 2018, 28(5): 456—
462

[Abstract] Objectives: To reveal the role of aromatic L—amino acid decarboxylase cells(AADC) after spinal
cord injury (SCI) by investigating the AADC distribution in spinal cord and the 5-HT expression in AADC
following SCI at different postoperative intervals. Methods:  Sixty adult male Wistar rats were randomly
divided into normal control group(12 rats), spinal cord injury 2 days group(24 rats, sham in 12 rats), and
spinal cord injury 60 days group(24 rats, sham in 12 rats). By using negative pressure suction device, T10-
11 spinal cord was completely separated from 1-3mm, and the spinal cord complete transection model at
T10-11 level was established. The BBB score of different time points was used to evaluate the hindlimb
motor function in SCI rats. Each group was perfused and drawed at each time point and the 5-HTP(100
mg/kg) was intraperitoneally injected 30min before perfusion. Immunofluorescence technology was used to
detect the expression of AADC and 5-HT in lumbar(L. segment) and sacrocaudal segments(S+C segment) of
spinal cord. Results: The BBB score of SCI rats was 0, 1.00+0.58, 3.30+0.95, 6.30+0.10, 7.50+0.36 and
7.87£0.08 at 1-2, 3, 7, 14, 28 and 60 days respectively. AADC cells were mainly expressed in the dorsal
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horn of spinal cord, intermediate zone, and around the central canal. In control group, SCI 2d group and SCI
the number of AADC in L segment was 46.75+5.50, 49.50+4.87 and 48.50 £6.38 cells

it was 1026.50+66.59, 1066.75+80.56 and 1046.25+67.79 cells in S+C segment respectively.
There was no significant difference between the three groups (P>0.05).

60d group,
respectively;
The expression of 5—-HT was not seen
in the AADC cells in the L segment and S+C segment of the normal control group. But 5-HT expression was
observed in the AADC cells in SCI 2d and 60d group, (44.43+6.03)% and (96.20+1.53)% in L
segment, (44.45+5.71)% and (95.14+3.02)% in S+C segment. There was significant difference between the two

which was

groups(P<0.05). Conclusions: There is no significant difference in SCI and normal rats respect to AADC cells

distribution and numbers. Following complete transection of the rat spinal cord at T10-11 level, the function

of AADC cells in the spinal cord distal to the lesion was increased,

generate 5—-HT.

and exogenous 5—HTP can be used to
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TEWFLE SN Y nF i, B el 420 it 5-
¥ 4 & (5 -hydroxytryptamine , 5—-HT) 3 Jit F fiti
TR AR AR PR B 8 TS 50T 1 DL
A BE PR A DY 5-HT(2%~15%)",
SCHR R B KB A BB & A 3~9 4 [
AR S—HT 22l ik /0 i %50 48 KN BE 42
it 29%~15%1) 5-HT, X T4 1 (spinal cord
injury ,SCI) J& #0145 1 LA R /9 S—HT > I [n] 8,
— H AR, 2014 47 E B AR AL A
BHE S2 AKCF- B A5 i K BLeT LT [8] i & 305 s
N 1Y 57 A % & L R W R B (aromatic  L—amino
acid decarboxylase, AADC) 4fi Jifd 5& % F1] H Zh i P
5-F2 2 (5-hydroxytryptophan,5-HTP) & i
5-HT, DA s 1E 5 K BUE#E T 1 AADC
ARG UL A W i B 5-HT, X J& AADC
20 L TE A RE R T T — B 2 F LA

KT AADC 7e4 8658 2 0 b w5, H i
HAE R e K BRUE BER B S2 /K- | M /K F SCI J
12 KB FE , JF H O T AADC 78 SCI Hiff5 1Y
Sy A HIRE Y HGE AR — 200N, i I R B SCT
BRI IR I A S 5 5 gk A ST M B T10-
11 2REW R iF 5% SCI AT IS AADC ik
T B LA RO [RS8 4 45 B DL A
AADC 40 i1 % 35 S—HT 40 M0 &9 45 5, Ml 8 7%
AADC 7E4 1Y Rk R R FA/E H o

1 #EAnggiE
1.1 EZARPRE

66 . SPF %% i 4 It ¥ Wistar K B, 1A
180~220g, It H 4t st 2l A 42 24 w) | Zh il 3217 m)
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SR RS TERT . AADC —HUil A 3
FE MILLIFORE 7~ & 5 -HT — Hu &y H %
IMMUNOSTAR A )5 2¢)6 =41 Alexa Fluor 488
FRICHI PP —HT  Alexa Fluor 594 Fric B9 9 Pt
W2 — i A 9 H Invitrogen 2 7] ;572 6 & R
W A 5 [ Sigma—Aldrich 23 7] ; E 244 TR &
s ORI T B IR P AL i B A BR A A, ) 5 5%
R (Olympus, HA), W 3=k U1 A AL
(Thermo Microm, 5[ )
1.2 KEr4LF T10-11 556 4 7 v 455 vk

KE MIEH XA 12 B H5EH40 2d 4
24 H(HAEF A /sham 41 12 H) B840 60d
7 24 H (H AT AR/sham 24 12 H), 75 BOEH |
2d Fi 5 F 60d Wi KBRS 2 HH T RS, K
L 4% 7K 4 S (0.7ml/100g ) W 5 V5 569 BRI | 75
BRI A= 300 8 2 R BRI MY [ T & 1
PLTO B2 s, i dem 26 A7 K B B R 11,
TR 4385 T9 FRIEPIMIILIA ,  FH e e o ok 5
FIHEN , 7850 Z2 824086 T10~T11 BR 22 4T
TS IR L e DR, A T 5 K 7 — 0
TR B T, R R 60 0 5 | 4 A B o8
BT 1~3mm B AT G5 R B v AR BE 1S
ik 5t JC A 5 B G LR 2 A R 2 Sham 20K B
FE A R B 0 B A Al O 0 R R B, A4S
HHE, G sE G ILRZ TR R Z .
1.3 SCI 5 K my3 3

AJG B B G T AR5 LE 3d AT
HARE R ES SR 16 7 Ud, & HE RS
RS RDRL IR 75 22 GE R R PR R 43
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T %, BT H B — Uk BRUGE N R, DLGRIE B Y
TR I N A B HE DR < HE R B O 5T
I SEHEAS I8 e P A R A PR, oK PR R
o, NN BB e DA G ik B e A A0 B A B B g
K i B R YA Bl HE R ZE R R 32 HE DR B g
FEAWE 1k . BRI MRS KE mE R
N PRAE R K i SR g A5 AR A B TR O
BBy 1 H S A B A5 O A E

1.4 M BBB ¥4 3F 4 SCI K RS Kz s D fig

P KB AE FRET, R 1~2d.3d.7d |
14d .28d .60d , 5% Ffl BBB #F4392:19 Wi £ K B B
DIRets o .

1.5 4250 SR A HE %

IEH XTI A RERL S 2d 4 R REBLO S
60d ZH K FRUAE HE 7 UM FT 30min I8 s 44 5-HTP
(100mg/kg) ©,30min J5 Db 4% K & & W
(0.7ml/100g ) 47 L H 4 505 IBR S, JRR e i 45 A BRUATRD
FIMSZ [ 8 VR 45 b, b T S B M s 2R R OB
S A O E LGS GE N e 0 & - F B kA
FETE 0.9%E FEL K 29 300~500ml , B 2 45 113 o
Ve A7 O B W S WA Bl S 20~30min Py
F 4% 2 & B % 300~500ml 2212 E17[E &, [HE
JE KB BRI O B UL T R BRI, E T 4% %
R HEE P EE 24h, Z ¥ HECE T 30% 5%
W 24~48h (HBURAE T 4°VKAH ) SR 5 F B R o Ky
B (L1~L6) FIH )2 Bt (S1~Ca3) , f Ji ¥t sh 20k
WY R ALK AL 40pm #H, 7AT 24 4L
B, A B B R T —20°CAR A7 A5 Okt B
WFSE I 15 KB 2d #5005 K BRI 60d 45 473 K BRAS
I F WG T S S-HTP, Hofth B B A I,

1.6 AREDOCR AT #E T AADC Fl 5-HT £k

Bl HR BB B 8E L1~L6 Al S1~Ca3 1 H ik
frgefs, Y@ P8R . PBS (phosphate buffer
saline )75 ¥E 1 ¥, 2K 10min; il A 0.1%Triton X-
100 1% PBS(PBS-T) ¥ ¥k 1 ¥, &K 10min; 5% (1)
g E R E 1h, WEE SN AR R — bt
AADC(1:500) .5-HT(1:10000)4°CH & 1 % . ¥ H
JA PBS-T 1§ ¥k 4 W, K 15min; T ARG B4 (1
Alexa Fluor 488 #ric Ui fe (1:200) 9T .
Alexa Fluor 594 Fric F9 9P HT 1L 2 (1:200) —Hi %
A 1h;PBS Wi ¥t 3 K, BIK 10min, & MAOGE -,
WEEE A B AADC Fll 5-HT 353k
1.7 SitEor

FIFH 5% b 9 B UL 5% K B BE i AADC 21
JRFN S-HT 20 2eik , AR5 X5 i bl 5 4 i o
YL () AADC FHAE AN A AN S—HT FHA%E 40 A 2 1) 14
PN T AR T T8k, AR+ E0s s B, B 1
TSN I B AL R Be 4y JF5E i1, AADC 4t rh 5—
HT % BH Pk 3% Gk 263t 5 .5 -HT BH P 4 i 4%
H/AADC AU X100% , 52 56 H504 5% ¥ $+
FRUE 2 (xks ) o, 8 SPSS 19.0 1 F 47 4 7]
Fod (] ¢ K56 ) , P<0.05 22 5345 i it 78 3L,

2 #R
2.1 SCI Ja AN [ i fia) o5 B4l B R PR vk 8

SCI R BZEAR ST 1 P, il B HE PR R B 4 +5
TE 3 W/d; AR5 8~10d K EHER DI REFE A 1K &2 |, i
B HERRTE 2 Wk/d B AT 5 FEARJG 11~14d fEHE R i
T2 A HE R BH 7 A S i/l Kk BRHE R T 8 K B
SRR T 1 W/ 7EAR ST 15d BUE K B
HEPR T e AR, v A AT HEDR , AN P-4 Bl HE DR .
HEPR LI 1,

Hira b o danmbasl nakon

12348670 0101112130498, so{d)

B 1 R JE A [ A v s 5 1 R BRUHE I v B
Figure 1 The number of urination with SCI rats at

different time points after operation

2.2 SCI KF BBB #4345 4

W1, TR R BBB £k 21 43, 15
RIG 1~2d WK B B2 8 D g 2 2% ,BBB 1143
h 0 43 53d J5 s sh i e It i Pk &2, BBB 143 7E
1 43 7i 47 s RJG 7d BF BBB P43 7E 3~4 23 22 fi s R
J& 14d B BBB PEARTE 6 43 /247 BIAR G 28~60d
i, BBB Pt e 1 7~8 43 i .
2.3 AADC 1 5-HT 75 B B A HE R B % ak
FRAIE
2.3.1 AADC Ml 5-HT 7E BB 0 A 1E W B 88
B B (L B RO 2 B (S+C B B9 IR Jot A A o v 1y
A ULE] AADC 4 R ik, oy Jo opoap Ol /b 4



PR S R 2 A 2018 4E45 28 245 5 1)

Chinese Journal of Spine and Spinal Cord,2018,Vo0l.28 ,No.5 459

AADCHI Ll 75 323531 H AADC 4R 44 £ K5
 AADC 4 =2 AR R RE IS M . Pl
rp TR [ AR A . B BE T10-T11 255 |, 45
118 DL R A9 AADC 40 i i 2 3k 205 30 405 i
AL, IE 3 86 L BEFN S+C BOK B il DL oK i 5—
HT 274, #4055 2d B S-HT -4k /b, #i0i)5
60d I FAFE AN F 5-HT 274 (K 2)

2.3.2 A BERIGGE A A B A S AADC 40 i 35k

z1 BERBGKRKERARMNESEFREZE3INEERN BBB
5 R
Table 1 BBB Score of hindlimb motor function with

SCI rats at different time points

BBB-4)

BBB score

AT Preoperative 21.00+0.00

ARJ& 1~2d Postoperative 1-2d 0.00+0.00
AJ& 3d Postoperative 3d 1.00+0.58
ARJ& 7d Postoperative 7d 3.30+0.95
ARJ& 14d Postoperative 14d 6.30+0.10
AJ& 28d Postoperative 28d 7.50£0.36
ARJ& 60d Postoperative 60d 7.87+0.08

AR L IEE X IR KR (Normal rats) (B
BER5 2d K BL(SCT rats 2d) A 45145 60d K
L (SCI rats 60d)7E L B fl S+C Bt AADC 4l ifg FL.
R LR 2, KM R LR EEES (P>
0.05),
2.4 SCI J5 ANFE A & AADC 4l 2235 5-HT 1Y
REA

IER KRR, AR 2d F160d 1K, 24
NG T AMNEAE 5-HTP B 4545 - 17 DL A3 B8 /Y
AADC 4l N3k 5-HT, 2445 T HMEYE 5-HTP
FTEOL T, IEE XA KRB LB S+C Berh
AADC 40 i v oK UL S—HT %) 335 ,2d B[] 25 SCI
21 A 60d B 7] A5 SCI 2 f L Bt Fil S+C B vl I
AADC 4l b 5-HT 23k (B 3), AR F LRI
UL 3, AL AR L 25 A 3 25 5 (P<0.05) .

3 itig

TEIE % KB S-HT =230 05 F Ik T b 4%
¥, B S AT B i 21 4 R AR A L
AR, e EEZRZRIN 252

2 a~c TEHHEMAIHCEL AT WL AADC 40 M0 5> A d~F N [E) I [R) BE 5-HT £T 4 43 fija .d .e .£(x10) ;b Fl ¢ 4 (x20) CC,HH
HAE S IMZ, A s WM, ) d I8 R B R % b R KR S-HT £F 4 e 2d SCI KR, 5-HT £F 4808 2> £ 60d SCI K
B, AT AR F] 5-HT £ 4

Figure 2 a-c The distribution of AADC cells could be seen in the sacral segment of spinal cord injury d—f The

distribution of 5-HT fibers in the sacral segment of spinal cord injury at different time points[a, d, e, f(x10); b and e(x
20); CC, The central tube; IMZ, The middle zone; WM, White matter] d Normal rats, a large number of 5-HT fibers
were seen in the gray matter of the spinal cord e 2d injured rats, 5S-HT fibers were decreased f 60d injured rats, 5S-HT

fibers were almost invisible
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%2 SBEKXRESHEDES AADC HH LS W 28 2 Ge 20 41 AADC 7] LUiEfk 5-HTP 2
Table 2 The number of AADC cells in the spinal ﬁE&E J7 7J|J J 5-HT %H&Exﬂkll4~lﬁjz ﬁﬁl\ AADC
cord of rats in three groups Z S5im MG e i SO 2 R 5 A RE R
o WER S A AT, HRRST ) AADC AT, i
o - R T S S T VAS T 4% o
AT KR 46.75+5.50 1026.50+66.59 = - ﬁf}h}fy{‘,« AT R ﬂ E]ﬁﬁﬂ$f“f
2 E B OLZR B e Al S-HT)0 20 Sy f 4 1E 3 4
BHEBG 2d KK D D R Lo N e e
SCI rats 2d 49.50+4.87 1066.7580.56 i AADC 4 LA BE ™ 4 Bl 7 3T B 5 B
TR 60d KB 40 50,6382 1046.25467.7972 AADC i (14 155 P 50 A 7P P 2 o 28 & 24 Jor 41

SCI rats 60d
D5 EH
# P>0.05
Note: (DCompared with normal rats group, P>0.05; @Compared
with SCI rats 2d group, P>0.05

FlHLAAR i Az BEYE S0 b 2 582 g Al
2 154 FEIE G O MRS | R HIR — ot I ) 30 45
W, BREMOI)E S-HT i — A4 & Z ok IE 2
AADC ZHH07, AADC J~ 32 53 A 76 A1 4L 4L v

X IR 2R BLE 42 P>0.05 ;@45 4 i 10 17 2d K BL G

ik broR T AADC 40 H 32 35 00 F8 07
5-HT d~f 1E# 41+5-HTP,AADC 40 i A3k 5-HT g~i £ SCI 2d 41 AADC #i il A ik
Figure 3 Expression of 5-HT cells of AADC cells in each group (x10)

expression a—¢ AADC cells do not express 5-HT in normal rats d—f In normal cells+5-HTP,

B 3 441 AADC 4 %3k
Rk

5-HT 41 a1 B (x10) .

il oce21, 2014 4%, B bR LA R XT AADC
WIWFSR A TR ke, JLT R B & B SCI fig
W4 = AADC A3 PE, i nT A AN 5
HTP =4 5-HT, {H3&F AADC #9575 AF 58 5 15
B 25 AN —30, Wienecke 5K IE . (1) 1E # A
RAHERE T AADC 20 M A 53 A5 78 v o 4 T
Rl ELAE Hh geify TS A A A R T Rk, ()%
i S2 FKF- At K i, 4004031 T AT B P A 0

a~c TEIEH KREH AADC 41

5-HT
Arrows indicate the site of AADC cell
but AADC cells do not

express 5—-HT g-i In SCI 2d group AADC cells do not express 5-HT
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3 j~1 SCI 2d 41+5-HTP,AADC 41 g8 7 = ik
H+5-HTP 15 5L T, AADC 40 jd JL-F 4383 ik 5-HT
Figure 3 j-1 In SCI 2d group+5-HTP,

5-HT m~o 7£ SCI 60d 41 ,AADC i} 3 ik

5-HT was partly expressed in AADC cells

5-HT p~r 7£ SCI 60d

m-o0 5-HT was not expressed in

AADC cells in SCI 60d group p-r In SCI 60d group+5—-HTP, almost all AADC cells express 5-HT

Ji AADC 40 ML R 3A K | SRIB AL I ] B IX
Bo (3)MAMNETES T 5-HTP J& ,S2 7K - 4= ik e
LR R AADC 20 i n] DL & A= 38 B g AF 3%
ik 5-HT, Li OB 0T, (1) 15 % R 5 A6
AT g AT AL AADC 41 i, e Ath X sk 2 AT

F3 EXRAP AADC HAERIE S-HT FHEER
Table 3 AADC cells express 5-HT positive rate in the

spinal cord of rats in three groups

MEE EJ Bt
L S+C
XM RAKR, 00.00+0.00 00.00£0.00
Normal rats
1B 05 20 KR N .
SCT rats 2d 44.43+6.03 44.45+5.71
HAEDL 60d K . .
SCI rats 60d 96.20+1.53 95.14+3.02

V(D4 IE % 3 B R B P<0.05 ;)5 #8417 2d KL EL
£ P<0.05

Note: (DCompared with normal group rats, P<0.05; 2Compared
with SCI 2d rats, P<0.05

UL AADC 214 5 (2) B i S2 K F KW 5, $t 1
V‘ﬁ%? AADC 7E B3 ML 58 FA 88 v e aiy 1) #f 28
JCHERRIK; (3) MIMEMEL T 5-HTP J5,S2 K
A W DL F 9 F T AADC 4 i 3R 38 5-HT,
H 5-HT hF X 7EMILE . 2015 45, Azam 2%
U BE T11-12 (41185 7 5 6 43 5 35 45040 00 5 4
H AADC Rk A7 AR T B el 2 (R4 477 5d
A INEBE T AADC 40 77 A S—HT A9 %0 14
Z, XFIG AR 60d W KB, 2017 4,
Ren %51 AADC 4 A 75 K BUVT A A 58 17 BL N 1)
SRR T RGEMESE . Li SRS R SCL S
PR AE T AN JE A0 K AADC 252 K

S IE B T RE .
F T HE— 52 AADC 764 86 i 45 A il

EH, WA m A B K345 )5 T10-11 /&
5 AADC 20 ot 25 B S2 4 —HE i A8 4k, AR
5T R H T10-11 B 56 4 ks Wi A | B 31 475 7K S
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LR B 865 0 L BEA S+C Be o BIBEST | & B
P18 DL A R 3 A S TR L OBLEL S+C
Btrp  AADC 20 1 g A ek S A B B X
), 45 B 5 Wienecke ZF7H1 Ren 1 WF 58 AH M .
L Bt AADC Z0 M 80 b S+C Be/b | SRS 4
BB ST 45 S — B0 2o b, FRATT A& B AN SR K L
AR N RAR B 00 SO A i S AADC
2RIk,

98T HMNEPER) 5S-HTP, e A1] & 3L IE 3 KR
A BE ARG A AADC 400 Sh E 3% A 28, AN
e 5-HT, X450 5 Li S0 e & AL, 1
5 Wienecke 55 19 AN[A] ;SCI 4 L Bt & S+C Bty
AADC 40 g 35 m] UL 5—HT PHPE 3k, H SCI 60d
BPpy SRR R & AU REN, BEgE
60d,AADC My TG PEC 840 B s , 77 4B K 5-
HT. 1fii AADC 41 7= 25 1 5-HT 8 A Ky iz sl
ZICMAT I S R BOREN - FEEE,

EN AR SNk < i B Nl A T
B A 2 S T i B, AADC 41 i AT BB AR O it
AR AN AN 2, TN SC S 32 B D) fig
MWK R KA AR,
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