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Adrenaline, transient receptor potential vanilloid 1 channel and substance P in rats with acute spinal cord
injury complicated with lung injury
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[Abstract] Objective To study the changes and significance of adrenaline, transient receptor potential vanilloid 1
(TRPV1) channel and substance P in rats with acute spinal cord injury (ASCI) complicated with lung injury. Methods Two
hundred and twenty eight female Sprague-Dawley rats were randomly divided into sham operation group (sham group,
n=90), ASCI group (n=108), bilateral adrenalectomy group (n=15), and ASCI after bilateral adrenalectomy group (n=
15). The ASCI model was established on the T,, spinal cord segment using a modified Allen’s strike model (10 g, 25 mm).
The sham group only exposed the T,, spinal cord, and the ASCI after bilateral adrenalectomy group was established 5 days
after bilateral adrenalectomy. High-performance liquid chromatography was used to detect the changes of serum adrenaline.
The pulmonary tissue specimens were collected from rats. Wet-to-dry lung weight ratio was used to detect the changes of
pulmonary edema, and H-E staining was used to detect the pathological changes of lung tissue. The expression of TRPV1
protein in lung tissue was detected by immunohistochemistry and Western blotting. The contents of substance P in the lung
tissue were detected by enzyme-linked immunosorbent assay. Results Serum adrenaline levels in the ASCI group were

significantly higher than those in the sham group at 2, 6, 12, 24, 48, and 72 h after spinal injury (all 7<<0.01). The pulmonary
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edema and lung injury gradually aggravated in the ASCI group at 24, 48 and 72 h after spinal injury, and began to recover

at 1 week. The expression levels of TRPV1 protein and substance P contents in ASCI group were significantly upregulated

compared with the sham group at 24, 48, and 72 h after spinal injury (all P<<0.05, P<<0.01). The edema of lung tissue and

pathological injury in the ASCI after bilateral adrenalectomy group were alleviated compared with the ASCI group 72 h after

spinal injury. Conclusion Adrenaline may involve in the pathogenesis of pulmonary edema and lung injury in rats with

ASCI, which may be related to the upregulation of TRPV1 and P substance expression. The pulmonary edema and lung injury

after ASCI can be alleviated by adrenalectomy.

[Key words] spinal cord injuries; lung injuries; adrenaline; transient receptor potential vanilloid 1 channel; substance P

WP 22 28 FF e S A i (acute spinal
cord injury, ASCI) Ji ' W INIFA&0E Ko RS T
() F B R 2 A T A 9T R BOR R R R
ASCI Ja &4k R liif . Wik ipaEpm e Asfe, HA
PRHLEI G ABIRRD, B C 252274 ( pulmonary
C-fiber, PCF) 2y 5ifilikiEpizeny 75%", PCF Ik
YR 37 A 37 A 5182 1 ( transient receptor potential
vanilloid 1, TRPV1) A PHEEA ios R T
i Y N 7 VT C AL /3 S VA = W & s
B ERRS I EERER, AR AE ERER
Jei, I B R TRPVL, Alfli PCF 3% 3] @7t
% TRPVI1 J2& LTI M4 e RAE (R 5 8 H A X
4™, AR ERG AT, TRPVI A% T
FEAERY, P Y FURAEAET TP AR b 2 R G AR
FHPCERY 2 eS¢ i N BT PR it 31 K= A G
SHUNIRINS F IR AL IAG . AT BAENEE
ASCL ' FIRE . MiZH4id TRPVI F1 P W5t As
b, WA ASCI 4k & i A i 2 5

1 #RFTTE

1.1 ZZXA548% TRPVI Hilkly {5 Santa
Cruz A H], B-actin HUAN A Je[E Abcam A ],
S ER I 43 M4 H 95 [ Bio-Rad A Hl, P ¥k
PP S PE W B S ( enzyme-linked immunosorbent
assay, ELISA) 7| & W H JE[E Cayman Chemical
VNS =%V @1 RN e R e o Rl B Y NSNS N
Shimadzu 2\ 7] .

1.2 Zhih54540  SPF HfiFelErE SD KR 228 H,
7~8 JAWs, RFRN 220~240 g, HEKERK
LS oS (B VR ATIES . SYXK
(¥ ) 2017-0012]. R BEMLECT- 3R 206 55 5 5)
Yo M ITFARA (90 H) o XIS AR YIBR 4
(15 H) . ASCI 41 (108 H ) | XUl'E L ARPIkR
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Ji ASCI4H (15 H)

1.3 ASCI &4 4  F 40 mg/kg G HZ40IE
Fs T SRR B, R B AR MO [ 58 THRAE 6
WA R LA Ty Iy, WPEH T I —K
29 2 em HMEIE, RKOITFEIE . DLAIS, %
EEMEN . e LR T, MEMR, TREREER. R
MR Allen’s 125, M 21 B RSB & T 5
EEREMIERG S, DEmE (37 dHE 5
10 g, FTHEER 25 mm) FTH586E, L RIBRR
FIadiRe . MERBR A SR 7N, XSS R RI45
fhal, BEE . #5), EREpT. KPInE
JREEG G B T IR E AR, T R BRURR I T 1)
FETMALERERN, AMIKE. ASCI 4 RKRAT
NTAZ B BHER , B H 3 )k, HEWE A FHE
JRo ASCIZ K RGBT 4 HTFARJF2~24h
T, TR

1.4 E EAR by R AR B & RATUHERTRIRT
VIRE S o, WA M —K 29 2 cm 4
myIH, ARKOITFE K. AN, IFE S, %
B MR, EeRRRY L. BIRESEE TNk
AR, RER BURRIE MRS iRl 25l sl KIS H
HEIRE . SUIE ERRVIBRG ASCI 4 T8l I
BRYIBE 5 d JEHilPE ASCI BA . WU EARVIBR &
ASCI H R gt A 8 HT ARG 2~24 h 4b
T, TR,

1.5 “ARFZHARE FEHREHME 2 ho6 h,
12 h, 24 h.48 h.72 h. 1 J&, 25U FAR 4L
ASCI KRR 6 H, REMMBIRA, 805 A7
T —80 'C VKA, FHT I35 B L BR 2 KA I B
IR EERIS 6 h. 24 h, 48 h, 72 h, 1 JAMET
R ASCI R, FFRMMR TR, 7
A HERIIG 24 h. 48 h. 72 h. 1 JA435IHL ASCI 4
KR 3 H, DEABFRAKRKR 3 B, HEM4H
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Zith TRPVI FEEAM . 7EE #8445 6 h, 24 h,
48 h.72 h. 1 Ji, 735l U FAR 4T ASCI 4 KR
% 6 H, HITHiALH P Ykl 768 sEiitin
6 h.72 h, 3 BIBUERFARL. ASCI 4. SU'E i
VIBRAL . WS L BREIBRIS ASCI ZH KR4 6 H,
FHF RO RS T Bt . FEAREBOE 24 h.
48h., 72h. 1 A4 HIHLASCI KA 3 H, 155/
BEWISE 72 h A3 IR AR . U BRI
H. XUI'E ERREIER S ASCI 4 K4 3 B, T
ffigHZt H-E Yeta; B LR RF AR RS g0 5
24h, 48h, 72h. 1 JAMM ASCI ALK, FH Tl
LU SR e fh,

1.6 AF5trim]

1.6.1 @A E R E EREAT BUK
FUE 30K 2 mL T EDTA HlEe ., s
I o F B OB o AR AR, A ks
B F AU ASCI K RAE#EMIMI)E 2 hy 6 h,
12h, 24 h, 48 h, 72 h F1 1 JARHMAE S LR
Ko

162 MHALETFREFTHEMAMN BEAKR
TEFARJG R RIS ARSE, 40 g/L 2R Wk
VSHWORETE S, LRV I SIBRES AR 4 2L, Bt LA
ARG TR BEE 70 °C MEARTREEE 3 d S,
PRRPR R LIARAR G T Bt . T T, 37
itk PR

1.6.3 H-E & WZM4A 885 %EL BEaK
AR ECH 0.9% AR5 E#ER /K 40 mL K
40 g/L 2R AR 40 mL 400 IEE T Je B A2
41, L OFEMEBUKE A EaEE, $14 4 um B
AL R, 1T H-E Yo, et B i T
WSR2 2V B2 AR Ak

1.6.4 #EALMAFERMNMAL S TRPVI
FIE NG A0 A Y LB K AR,
Triton X-100 B, HikxmeehZe s = hils, M
A= I3 AR B A ARRE R SR, InA—$T 4 C
BN, MAZIEERBEE | h, &P
gufn, RAREY, WK, B, MK, LRE
2 3 K. H Imagel] X+ TRPV1 £ HH£IL K
HEFTFE 1A

1.6.5 & @ JUop k& k4 B 41 41 TRPV1 #
Fik K KEAIEEIGAHL, RA7F TR A&

o BUHREIGAZY, S)HMRE, A Zf 2
HUEE o B e IR AR T S I B FRE A A e 5k
L TR 0 — 2R TR 04 O B o5 e h b AT LUk, SR &0
LI R R AW R ORI, A 50 g/L AR
Wy EA 1 h 5, 0 TRPVIL Hifk (ks il
1:200) 4 C RS MR 20-Tris $h2¢
MRVERES , A SIS 1 h, PR AR
20-Tris #RZPBOE VRS, N g RFn i, SR
23 . FH Imagel SRAF AT 8 (451 1R K BEAHL,
T B B A A

1.6.6 ELISA A4 4+ PHi4E AR
AOFESG UL, A VKER K e, SIBREE
AR, PRIGERAHZ, AT 1 10 InA
BERRERGE M, FHIRBLBY BYRRZHZ, SPREARAIH
DL EBIAE UK Lkt T . KA ZUSIAE 4 'C R LA
1 690X g B0 15 min, W VENGRAEH. 1%
M8 ELISA B G Ut 52D 3R s B, Al P 4y
it

1.7 %t 542 NH SPSS 25.0 #4758
AR R IERS TR R, X+ TR,
P L B LR F ST REAS ¢ K 24l B e
BRI 225001, PP ELECR ] LSD i (22
5% ) . Dunnett’s T3 #:55 ( 72A5% ) ok Dunnett’s
C IR (JF2R57) o MsskifE (o) 47 0.05,

2 5 R

2.1 ASCI X RhiFH EMRRAKF LML ASCI
HRBRBEFEROIG 2. 6. 12, 24, 48, 72 h Il
HHE LRSS H R (585.72+14.56) .
(1862.15+134.96) . (2 441.96+151.27) |
(2878.41+£218.23) . (455.72+75.59) .
(320.56+£31.03 ) pg/mL, 4 FHH R s [E] 5 AR
FARA, ZRAGIH¥EXL (P#<0.01) ; #
BEf OIS 1 8 ASCT 4K Bl i B R R Kk
(202.17+£15.87 ) pg/mL, 5 [FIAHE] S AR T A4
MR GTFE X (P>0.05) . BTG A
]SS E] . ASCT AR BUmE B EIRFE K2 RA S
2 Y (F=741.87, P<<0.01) ; IV FIRELE
BHEMIE 12 h 1 24 h BHARESEKE, 2 At
MZRIZERTGI2#E X (P>0.05) , 48h fil 72 h
IFSE R, 1 AR AR K. WA 1,
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B 1 ASCI XRMESE ERZAKFNEL
Fig1 Change of serum adrenaline levels in rats with ASCI
ASCI: Acute spinal cord injury. “P<<0.01 vs sham group at
same time point; ““P<<0.01 vs ASCI 2 h group; **P<<0.01 vs
ASCI 6 h group. n=6, x +s

2.2 ASCI X RMEFRERTL RTFARAKK
A ) A5 BT i LA E TR 4.00 A2 47 Rl
J& 6 h, ASCI 41K R R et o5 [R] et 1) sl A T
R 2R TG TH2#E XL (P>0.05) ; & 5E#0
J& 24.48.72 h, ASCI £ KRS TR & il h
6.50+0.34. 7.52+0.31, 8.36+0.39, S[a]}E] ST
RA 2 R AGEH 2R L (P 11<0.01) 5 17#8
Piafa 1 8, ASCI 2K BRI T 8 L 55 [R] A [
BFARLAE2E RIS E X (P>0.05) . HHEfi
PiJE AR IE] 5 ASCIT 41K UM i Lb 22 2
GiitaF i X (F=207.06, P<<0.01), Jiliie T 0 & A
BEEWAIG 24~72 h B E, B RERE 1 R
VBFARLA K. W 2,

Sham ASCI24h

G

L R ON L)

ASCI48h

B2 ASCIXRAETRELZEN
Fig2 Change of wet-to-dry lung mass ratio in rats
with ASCI
ASCI: Acute spinal cord injury. “"P<C0.01 vs sham group at
same time point; 44P<0.01 vs ASCI 6 h group; **P<<0.01 vs
ASCI 24 h group; “P<<0.05 vs ASCI 48 h group. n=6, X%

2.3 ASCI XK AMMALBmEF TN KEMA
21 H-E a5 R, P ARA K BIiE L4 E
B, OJCUAIN K I, oM E . B BRI
J& 24 h, ASCI 41 KR mA —esE, A
WIS BRafiE 48 h, ASCI 41K Ui
st —meE, g2, Wi gE— e n R
A, FATULRYEAN IR E ;. FREIIS 72 h, ASCI
ZH R BRI O fe ok e, I AS R ZEEL .
SR S S WUy NG == o B 11 2 e R P € i 7
PitiJE 1 J, ASCI 4K BRI iRk &2, wl ol
WL SRR, il 2 R S AR I T U
LI 3,

ASCI72h ASCI 1 week

AL R APy (B
o Frhag’

B3 ASCI XRATHEAKREFHT

Fig 3 Pathological changes of lung tissues in rats with ASCI

ASCI: Acute spinal cord injury. H-E staining. Original magnification: X 100 (upper row), X400 (lower row)

2.4 ASCI X &MaL% ¥ TRPVI &8 & ik
T LR QAR (K 4) W,
BMFERAKRMHALH TRPVI £k EEK,
PR Rk F2 o T . FHhE
24~72 h, ASCI #KFHLH TRPV] HEH

REBMBFARAI A&, RixAKF50H
1.46+0.46, 1.801+0.46, 1.524+0.35, H5EFRA
(0.78+0.35) W ERWAGIFENL (P <
0.05) ; H#EWIGIE 1 A, ASCI gl KR4
1 TRPVI KA (0.89+£0.52) # 72 h B F
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B, B FARHAKFE (P>0.05) . BHadil
Ja AR R A5 ASCT 20 K BRI 41 4% TRPV1 &
HERIIKFEEZRA G I2AE L (F=102.09, P<

Sham ASCI24h

R »A,m

éj'r&
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ASCI48h

\,‘ Wwf\%ﬂ‘j"i’j
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0.01) , 48 h I HF AR R HHAELE AP
gER (K 5) SR gl pg g R —5,
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4 %Eﬂ_,\1{-,=a’é@1«&;mu ASCI jCBL‘LHﬂLH—AEF TRPV1 EAWRIE

Fig4 TRPV1 protein expression in lung tissues in rats with ASCI by immunohistochemistry

ASCI: Acute spinal cord injury; TRPV1: Transient receptor potential vanilloid 1. Original magnification: X400
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Sham 24 h 48 h 72 h 1 week Mr(x 103)

H #»

TRPV1/B-actin
=
i
i

e
W

=
o

Sham 24 h 48 h 72h 1 week

ASCI
5 F|BRENEEKD ASCI XRATELR
TRPV1 ZBHHIRIE
Fig5 TRPV1 protein expression in lung tissues in rats
with ASCI by Western blotting
ASCI: Acute spinal cord injury; TRPV1: Transient receptor
potential vanilloid 1. "P<<0.05 vs sham group; “P<<0.05 vs
ASCI 24 h group; *P<<0.05 vs ASCI 48 h group. n=3, X +s

2.5 ASCI K &MiZBLZRF P Y MA T T B
PG 6 h, 24 h, 48h, 72h. 1 J&, ASCI K
U ZU P Y& w5l (36.02£2.99) |
(51.81+3.30) . (70.43+£5.42)
(84.03+4.43) . (37.57+£3.56) pg/mL, Hrp
24, 48, 72 h HEREIEE SO RFARATE (P
¥1<0.01) , 6 h. 1 Jil 5 [mEHAEER FARHAH 2
S TG B (P H#>0.05) o AS[RIETE] 5
ASCI 4 K FUHE T P Y S E R A G4
X (F=160.78, P<<0.05) , HHafifils 24~72 h
ASCI KRG T P Yyl & B, 1 )8
AT TR, WA 6.

1001 -~ Il Sham

' 2 CAsc
‘é 8ot P

R xx

=

o

5 40f

g

< 20F

w2

6h 24h 48 h 72h
B 6 ASCIXRAEERAS PYHREEHETN
Fig 6 Change of substance P contents in lung tissues in
rats with ASCI

1 week

ASCI: Acute spinal cord injury. “P<C0.01 vs sham group at
same time point; “*P<<0.01 vs ASCI 6 h group; **P<<0.01 vs
ASCI 24 h group; *“P<<0.01 vs ASCI 48 h group. n=6, X +s

2.6 WA B ERIk T ASCI X S 445 49
®ra  EREE 6 h, [RTFARYL. ASCI 41, B
L RRUIBRAL . BN BRVIBR S ASCI 4K B
TR 2R TG I2EE L(P $#>0.05) . B
#i3)5 72 h, ASCI AHADBUN'E E DI JS ASCI 41
KEME T E BT E, 554 6 h BfAHLL
2SS X (8.4910.49 vs 4.15+0.31, P<
0.01; 6.231+0.32 vs 4.29+0.22, P<<0.01) ; ¥ &
YiJE 72 h, BU'E ERRVIBRG ASCIL 21 K BRI
TR KT ASCI 4, Z2RAZITHE X (P<
0.01) . H-E Qe 2558 (& 7) 8w, SUN'E LRI
2K SR 25 A 1, [R] B JC A B 9 s B pEmifi)s
72 h, ASCI 21K ERIE S5 FBERIIR, It smiamat 5 ;
HHEIE 72 h, BN ARVIBRG ASCT 4 KRRt
HRE RIS 5 S HE RIS ASCI 41HH k2,
{475 —5E LA R PR AR
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Fig7 Pathological changes of lung tissues in rats with
ASCI after bilateral adrenalectomy (BA)
ASCI: Acute spinal cord injury. H-E staining. Original
magnification: X 100 (upper row), X400 (lower row)
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