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Abstract

BACKGROUND: Prostaglandin E, (PGE,) has been shown to play a regulatory role in vasodilatation, inflammation, and leukocyte migration and adhesion, but its
effects on spinal cord microcirculation after traumatic spinal cord injury (SCI) remain poorly understood.

OBIJECTIVE: To investigate the mechanism underlying the protective effects of PGE; administered during the acute phase of traumatic SCI in rats on the
regulation of vascular-related factors and microcirculatory function.

METHODS: Seventy-two female Sprague-Dawley rats were divided into three groups (n=24 per group): control group, SCI group, and PGE, group. An in vivo

SCI model was established using Allen’s blow method. Rats in the PGE, group were injected with PGE, (10 pg/kg) via the tail vein immediately after SCI. Spinal
cord microcirculatory blood flow and oxygen saturation, spinal cord microvessel diameter and area, spinal cord water content, vascular function regulators (von
Willebrand factor, thromboxane A,, prostacyclin, endothelin-1), and inflammatory factors (tumor necrosis factor-a, interleukin-1p) were measured at 2 and 24
hours after SCI.

RESULTS AND CONCLUSION: At 2 hours after SCI, the diameter and area of spinal cord microvessels, spinal cord microcirculatory blood flow, and oxygen
saturation in the PGE, group were higher than those in the SCI group (P < 0.05), the water content of the spinal cord was lower than that in the SCI group

(P <0.05), and the level of plasma von Willebrand Factor, the ratio of thromboxane A,/prostacyclin of the spinal cord and the level of endothelin-1 were lower
than those in the SCI group (P < 0.05). At 24 hours after SCI, the spinal cord microvessel area, blood flow, and oxygen saturation of rats in the PGE, group

were higher than those in the SCI group (P < 0.05), the spinal cord water content was lower than that in the SCI group (P < 0.05), and the levels of plasma von
Willebrand factor, spinal cord tissue thromboxane A,/prostacyclin ratio and the levels of endothelin-1, tumor necrosis factor-a and interleukin-1p were lower
than those in the SCI group (P < 0.05). The diameter and area of spinal cord microvessels, spinal cord microcirculatory blood flow and blood oxygen saturation
of rats in the SCI group were higher than those in the SCI group at 24 hours post-injury (P < 0.05), and the levels of plasma von Willebrand factor, spinal

tissue thromboxane A,/prostacyclin ratio, tumor necrosis factor-a and interleukin-18 were higher than those at 2 hours post-injury (P < 0.05), but the level of

endothelin-1 in spinal cord tissue was lower than that at 2 hours (P < 0.05). The blood flow and oxygen saturation of spinal cord microcirculation in the PGE,
group rats at 24 hours post-injury were lower than those at 2 hours post-injury (P < 0.05), and the diameter and area of spinal cord microvessels and water

content of the spinal cord were higher than those at 2 hours post-injury (P < 0.05). The above results indicate that intravenous administration of PGE, in SCI
rats immediately after injury can regulate vascular function regulators, inflammatory factors and improve microcirculation of the spinal cord after SCI, which

provides a potential basis for the search of drugs for the treatment of acute SCI.
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WEEH T av E4EA = 1B RPERB AR AR A
A ) NYU §Tif &% (3 [ Rutgers); W06 2 % ) ML 70 #r
BCCAEI & 2R BHEA R AR ) BEAE ()7 R AR R
BHEARAR ) WET AL (HEE Leica A 7] ); LKA
(BB BETFHRAA): a4 E Rayto 4 drFl
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Figure 1 | Flow chart of animal experimentation
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1.5.4 FRAHK: - gt 1% R EG 244 30 mg/kg JRRIE
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5 EF#% 0.5cem, £ 40 g/L Z B HIIE [ i€ 24 h, K,

20 min; Jo/K ZEEBE 2 T H R 10 ming AR FR 53 £ 95%,
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Jif 988 ¥R BB Al ¥ o, Cat#FU-D1393; [ 4 g /i & 1B,
Cat#FU-D1032) 17 XUHT 1A I 0» ELISA 5256 4 il Ml 52 4 i
AR AR A/ BIFRR. WEE 1. HRRIER T a
MEMEANE 18 R EIRE.

1.6 %itZF o ffiFH SPSS(Version 19.0; RRID:SCR_002865)
BEATEAE >t 81t ffiFH GraphPad Prism(Version 9.5.1;
RRID:SCR_000306) &/ 1E &l . Fr $di b= m N xts. £
ANFERHR I LLE, H ek AT SR A IR, A5 T 25
P, EAT 5 I (0 7 2 A0 AT, kTR AT 2 B LU A (LSD-t
K98 B SNK-g K56 ): 45 5 ZEANTE, WSR2 FEAR B R AN
K. P<0.05 FoRZFA WEER L.

2 258 Results

21 FHFHME T LA 72 HENE SD K RBEHL D VBT
RE, FREMGA. WIHIIREE H, FH 24 K. frA R
BRI, HEE NG R

2.2 ATHVRE E ik E HARBEAR, HEH MR
i 2 Ao dn FA0FE T VAN &K RS BB TR
MB35, U TR FH O 22 325 0 30 ASORS I 45
5 2, 24 h I A BERUIE PR M i (B 2A) Ao 42 i Al
Z (B 2B). 5xfREZH KRR LA, A Rl 05 4K RO B
PEPR ML & J AR AT S AE 454 5 (.2 R % (P < 0.001); 7£
HHE AN LRI, SHitn)E 2 h AHLL, )5 24 h
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A RE DS PR I3 R K I AR AT B B i (P < 0.001), Uk BT
Tl 0 17 A BB 10 20 I 9 & % ISR AT B, HOA BE
15 15 8 BEAE PR LR 2 AR A S AE 24 h 5 — @ FRJE
WEATE . SEMI0 KR, arviiRER E AR
SF BB T AN I B A i R R RS AS JE 2, 24 h 3
oA (P<0.001); fERTHINRER E, N ELECRIL, S5
5 2 h #HEL, B4 )5 24 h B BEHU0E 20 LR & A2 A
FIEEFEAK (P < 0.001). i B 86457 17 )5 B Z1 2 i ki 4 i
B EE By AT o6 E UG B O S AR BRI RS, (2
Rz B I A AE KGR S5 . o T VPl & 4K B B RO B
(I B A5, BLIREE SR B T R — AR (i
BREMIIGE 2, 24 h NP BEGE PR 0L EAR A AR (B
2C-E). H5EFARALCE, HHEME ME B AR S S
i) 2 h(P < 0.001) F11 24 h(P < 0.01) B & T %, 1M H A
ERREM G 2, 24 h B3 FEC (P <0.001); FEH B8
HA BRI, S5 2 h L, Bifh)E 24 h i) i
FLARFIEARA Fragin (P < 0.001). R UG HEHI0 oA BERL
PEF A I B S ARk /N, (B2 BE R 5 24 h I
MEBERMERA —EWE. 5880004 KRR,
AT ZI IR 2R By R BRAE SR 195 J5 2 h 5 B SO0 36 I8 B A
(P < 0.001) F1TH A (P < 0.001) 34 i1, {HZEF115% J5 24 h Ifi.
EHALSH 2R (P> 0.05), ML A I (P <
0.001); fERTHIMRZE E, HW BRI, S5Hifh)5E 2 h if b
B, PifhfE 24 h B IE EAZ (P < 0.05) KA (P < 0.01)
FR. W&k L
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(xxs)
Table 1 | Comparison of blood flow, oxygen saturation, microvessel
diameter and area in the spinal cord microcirculation of rats among groups

T = 73 BFRHA B a4 RN E, 4

2h i (PU) 455.29423.03  79.1445.29" 289.20+10.36°
I A A (%) 59.38+10.36 17.8340.87° 54.71+3.01°
T ELAR (um) 13.721.77 7.1441.01° 10.72+1.93°
A A (um?) 263.67439.16  92.53+18.72° 217.87436.52°

24h [ (PU) 453.77+29.3 145.40+14.38" 212.69+26.69
A AE (%) 60.96+7.64 37.7940.83" 42.7140.75¢
A ELAR (um) 13.44+2.28 11.13+1.63" 12.11#1.90°

PO T AR (um?) 154.53+38.67" 268.80+48.10°

FvE: 5EFARMALLE, °P<0.01, "P<0.001; S¥FEEGLIALLE,
41N 2h L, ‘P<0.05, °P<0.01, 'P<0.001.

268.27+36.24

‘P<0.001; 5

23 IR E B RBAMAAT, R B L LM
B T /R E R G BETR 1 S AT A R 3R Ey XRPEREK
e (B 3A). 45 RRE, HREH SKEAEM D
J5 2, 24 h B P RFARY (2 h: P<0.01; 24 h: P < 0.001);
BAEEBEI AN LLBUR I, Bi5J5 2, 24 h BIANI[A]
VEKEWA Z R (P>0.05). FlkiE S 875 R % E, IR
BABET AR, RS KE (2h: P<0.01;
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24 h: P<0.01); {ERIFIMEER E, AN ELRORIL, S5
2 h I ELEL, #0455 24 h IERE S /K& & (P<0.05). 21
ZURBE RIS N, XA GHEAN TR, BAHM. 5K
PEECE RAERE: A AR RS0 2 h 5, AHESS
FIRER, Mot AR A i, I 0 JE B4 21
HRIEMMIZ NG 24 h J5, FHEEK T ™ E, &
PR TTINAE, LA FE L ZE 2R 1 9 E 20 IR T I S N
BREPUL R AT AR E, I, ABXS T RS A 4,
HE I PR ST AT 2RE A Pk . WLIE] 3B.

24 BHMEE TR ATMOLRBEF. HHamy
T REE 1 REB AR A/ BTFIRE AL N T PR
B AR a0 U T R AR A AR B R R By R I
R ¥ B, VR FC R ELISA v2: 5 & 52 B Ba 45140 )5
2, 24 h NI AE U T RS AR AL (3R 2). ELISA Al 45
R, S5xr M KRR, A B0 2K B 2% i
PEIM AR 7 (2h: P<0.001; 24h: P<0.05), HHEHL
R Z 1(2h: P<0.001; 24h: P<0.001) KIMFEE A/
HIFIPA K LLME (2 h: P<0.05; 24 h: P<0.01) fEHifh )5 2,
24 h I B EIG N, fERsa AN BRI, 58 E
2 h LU, Bi4%3 )5 24 h I i 428 1f A0 BR - 25 & (P < 0.05)
LA HEA L P ke E A,/ 7T IR HLAE (P < 0.01) B 5,
MAEMHARAT N LR 1 SE TR (P<0.01), H5EHH
HRR R, BIIR R E HRRENGE 2, 24h LK
MM ABA T (2h: P<0.05; 24h: P<0.05), &%
AT PR EE 1%L (2h: P<0.001; 24 h: P<0.05) %
MmaE A/ B REE{E (2 h: P<0.01; 24 h: P<0.05)
FRAK. TERTHINRER Ey AN BRI, 2 NI [R) A A o ¢
AL A8 14 ML A0 R & (P> 0.05). BN KR 15
& (P>0.05) &Itz A,/ AT FIHFE LA (P> 0.05) ¥4t

HEER.

F2 | FEARMEOEMMALFREF. SHEELANEE 1 WRIERML
#E A/ BTV RELERLER (xts)
Table 2 | Comparison of the expression of plasma Von Willebrand factor,
endothelin-1 and thromboxane A,/prostacyclin in spinal cord tissue of rats
among groups

BEE bR BFARM R A HiSIR R E A
2h  IfEVEIMLAH T 1962.80£168.30 1728.95%86.33°  1204.07452.78°
(pg/mL)
% 1 (pg/mL)  126.05%9.50 73.7945.19° 27.57410.97'
MR A,/ FIHIRE 0.7940.22 1.2040.17° 1.17+0.04°

24h  IAFVEM AR E T 2581.124200.93 1 870.33+482.25% 1 535.09+312.06°
(pg/mL)
N 1 (pg/mL)  80.38+10.49 62.91+7.03" 32.62+7.28°
MmAEE A,/ #i7F %K 0.90£0.28 1.60£0.10"" 1.05+0.12°

P<0.001; HEHAHIIALLLE, P<
#p<0.05, "P<0.01.

5B FARYL, P<0.05, °P<0.01,
°P<0.01, P<0.001; HZHP 2h LLEL,

RiE:
0.05,

25 WFIRE E, FRABMGAEM PN BIRALE T a. G
fA~E 1B e9 &k HREFh T ICERE R, A A I
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- 15 - m—] s AL S } y 2 =5
e T IO A2 OB W B AR TR A T 9 8 P 5 £
500  —&= £ 70 = A% Y =Y SNl sk 28 P
. =L (757 BEPE A BEZH ZURT ELISA _F 38 Vi 40 M DR 1 R0 SR VP A
— 400 S i 4 e ) ‘
2 o 50 SRR g 2, 24 h I AR 2 R GESORE AT (R SR AE IR
g 300 ® 40
2 5 ] Toa FIAIRA# 18) KA (B 2A, B K 3).
= 20
100
10
0- 0- A  re— B a
2h 24h 2h 24h I ——] ~ —
c W 5 il 309 = © 2
b = 3004 _ob ~ = L <77 mmpEAe
ol |nc 1 e é 250 o é S Eg%g‘ﬁg’gﬂ
20 g L o = e % g DA E, 41
Jh_L b e G__Q_ t+ ] "?ﬁ 20|
— 154 3007 = 150 &
g € 250 £ 100 2
“ 2 b g
i 104 X 200 & 504 {a
; E 150 - 0= 0-
= g 2h 24h 2h 24h
> # 1009 I 7] I 7]
50
0 o BlE: EA. B AHIE 2, 24 h RAFHEHL D IMEIAEE T a0 H
2h 24h 2h 24h A5 1B KIL . RE &K RbrES, °P<0.05, °P<0.01, P <0.001,
IR} [ R} [ ey S EE 4 N
4 IPRZ= E, X° 440 ¥ '8 4 =1 N0
- . N — Eluru] | BIFIAR R E, X EEEE L MEITREEF o. BN R 18 RIEH
_. : g 5 57
: | | v s - i Figure 4 | Effects of prostaglandin E, on the expression of tumor necrosis
: Rais 2h factor-a and interleukin-1 in spinal cord tissue
7, N v (x200)
p :
C W L =
3 | BHARBBEHEAMERIEET o. BHRNER 1B BIRIEKF
Lol A EeaR (xts, pg/mL)
X i i  24h Table 3 | Comparison of the expression of tumor necrosis factor-a and
T . . - (x200) interleukin-1 in spinal cord tissue of rats among groups
. ;o :
R DGR L sl 41 2h 2h

Bl i O's 2 8 3 MU 3 B ASCUPAS X B BB IO 3R LR 3l 2, &
FE ML S AR AT EE (A, B)o FIFTHR TR - S Bk AL B B R TG
WY, GG EAR S EAR (B C-E). B E PG =/AEER
T . R FoRAREZ, *P<0.05, °P<0.01, P<0.001, "P>0.05.
B2 | gilREE MEBEHEARNLRE,. ISOMENMRNIEERR
EFRAFZ0
Figure 2 |

and microvessel diameter and area in the spinal cord microcirculation

Effects of prostaglandin E, on blood flow, oxygen saturation,

2h 24h
A B (x200)

B BT AR
3 A i 5 41
CO AR E, 41
BFALL
a
| T E—
,_Dﬁ_|
0.8 ns = b
£ £
.
074 FF B il
=]
%
&1
0.6+
0 | RS E, 4l
2h 24h et e
I 1] : :

Bl B A Dyl T / W & L e rePa Kk s &1 B R RE S S 2,
24 h AT IRIGA AR — (R AR TG . BEAFTELRRME
TCEHE MG TC R RGN 25, SOk RN H L L, ik
INFOTEAMMUIR I o 75 4 KonbaifEZE, P <0.05, "P<0.01, “P<0.001,
"“P>0.05,

3 | BIFIBRZR E, X EBEK A1 S REE LSS

Figure 3 | Effects of prostaglandin E, on spinal cord edema and spinal cord
tissue morphology

HEERSER T o A4 R 1B EISER T o ISR 1B

RFARHA 124.00£27.20  15.53%1.23 1312142439  16.28+1.23
R4 220.69+13.48°  22.43#3.30° 272.03+17.39%  29.49+1.10%
BIAIRE E, 41 211.17411.31  26.62+2.25 201.74+4.47°  23.12+3.62"

FE: HEFR4ILE, *P<0.05, °P<0.01, P<0.001; HEFEEtfidlbis, P<
0.05, °P<0.01; 5414 2h tL#%, P<0.05, ®P<0.001.

ELISA frl 25 R o, ST ARAE, FhEmnAE
BELL LU PRI RFE IR F a2 h: P<0.01; 24 h: P<0.001),
E2N /2 1B(2 h: P <0.05; 24 h: P <0.001) [ &k
JETE 2, 24 h W3RN, TEBBEM 4N LRI,
4505 f5 2 h A G, 343 J5 24 h i R R BE R - aP < 0.05).
1 28 il A 25 1B(P < 0.001) Jii &9k & B . 5 Rl 445 20
KR, AAIIRE B, 2UE SR 2 R SR SRR T a(P <
0.01). M43 1B(P < 0.05) Jii I JEAEM)i f5 24 h 1]
g, WG 2 h EGiH¥ER (P> 0.05). AR ER
E, AN ELEOR I, B HEA LR IR LR+ a IR EAE
2 NI IE R e 2 5 (P> 0.05), {H2 A HEH 2 i
N F 1B REIREEAENI )G 24 h I R % (P<0.05).

3 i7if Discussion
B4 14 6 Bl 150 195 AR 8 534 ML e 20 o DR R I 4455 Y
B AR R MG B, B ARG S L N, )i
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HAEZE

P ME B, HEFSHKma); AR s i 5
L, JELEA BEAR AR B AR R AR T, AR R L
BENUMA 1 16 BT P B2 A0 B 403 P s I3 ) . 28 4 1 4%
b BRI TR . BTAIIRER B, B ZMADENE, A
L0111 RN 2 O B o WS =2 % TR N AR VAR
b 2 PR T O VRORIT A A BT S A AR IR T
IR E, RIAT SRR E, 9 & BOlR Bk, BA A1
FasetE, HA I RS AR D AR BN M I R
]2 6T A R 3 ks 5l i DU g B
PEIRFERG 5 AL 0 DY i B " AP g, B 1A B Ak
X TR R T IR HE, REENYTHMER
B4 407 I R I JE AR P DA R T AR D B 1] g e g 1202,
TEARED G 5 H A B (445 )5 10-15 min), B4 M 5
RN T B IR AR TR X B I T B A B AR I, T
P45 f5 3-24 h, BANBE UK H IE — 28 R IR TR IE Ak
B R I [ 3AN W ) 02 7 s g [X 3B = 4, 0 4H 2 ik o A
B P BB B RN AT AR B G I S5 A SR
)5 15 min GO 0T 4R H IR 22 VRIS 4, A N2 R
FOA B R 0 00 R MR 3 R A *Y . ROOZBEHI £ Y
WEAE R, BB JE 15 min FES IR E A A4
K2 s DR S 23548, Fr DU RS 5 5 15 min A
FE A 035 BE 0 PR B A (1) DG BRI () 5 . (R,
Wi 5 15 min 25 T RIFINR 2R E, A2 75 BE A0 ) B 07 P 45477
TRAR Ak R e Rt e, DL S H R e 70 24 5 A RN T g
IR HIME AR

BRI G I R E R A L, S, fCE
T e b (0 B R AN I A 2k Y, A BB . A R I A
FORE. AR M B A B %5 B 38 bl AR VEAN 15 a1
PSSR RN T RE ) B TR o [F)I HF S0 0 o A 2= 1T
HBNRNT APE R AP 2 oA 4 38 &k A &L, Hp
DI AL R ARG, BT, B HAth 3
R 7 P e R 1L BRI R AR
T AR AR EE Y, 2T iiE, REHRREY
W) FR0C 08 PR 5 F R I R IE 5 2 Ve £ sy P 1R
BETI 5 J 0 SRS HIA% 0 2 5 3, 8 E 386 5 RG34 SB[
F o HAEAFR 1B BT LU I 52 4 ) i i B R A 5 R
SEAMIZ N2 RGE, ONAE A5 B RE TS
Rk, BRRBFFCIE N &R 1. MR A, B0 A
JERIEIR - an AN 2R 1B LAVHAS AT ZI IR 2% E, 2 75l
To AR Y L A A S 5 A T BE R I D e

BRI AR I, ARG 2, 24 h IV B2 KT
A NP = 1 = o N S T I 13
JREARE, & RCERERE I A ThRE I, S HAREER
G B — 5 B I R BRI R AR R T A R 1
MAEZR A,/ T HIE 2 A0 90 R+ MR A B R 7 a1 40 A
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& B MEERERIG )G 2, 24 h BREIG N, (0 DhRE AT
BRl % A2 98 TR 1D 30 5 5 B 0 A4 s 70 A B 1 1 A8 4k
HE, U ER WA RS 5 BE 0 1 B TS
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MY 5K, MARZE A, FIRTFI IR 2 8 3 251 2 M
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Jr EEAR T AR5 057 T A 20— AL R G g G B R
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BERWEFR I, AREE 24 h HILET 2h, MEHE
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KR, RYIPE B0 5 24 h PYBRRUILAE R 1Y D RE A
R, ENRE ERNERERRE . BLAh, KR
BRI R I R P B 4 ot A ] L e e s Y
ML AR AR i 77 AT 3G 0 R I . A BE R 0 )5 24 h
IR P MAOR R 7 MARER A/ BTZIRER . MIRIASE
T o AR 1B ERE T 2 h, HRANEER
1EE TR, SEMMIEIIEES L3 BRI AT .
MR ATRER 2 FTfe: OW R 12125 prafEH
RO FRERA MR M 2 IR, BAT 7 AR AN a] i
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RIS BRZ B, AT ORI, HEonime BAe AR, 12
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fRE B 2 N T A BB, ATy ek . BN i
B e I A A R A K PR R O B 1 KA i T
BEMRAE, T IIROR L 2 AT I8 L0 T 2o Pk e R S
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I A R AR T /I P B A TR S AR e
M AR R, PR AT T B A Rt A 5 A 5 P DA R
i *0 SRRBE TR, B BKIES AT SUARER B, JE ORI, 24 h
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B, KL E, JENATAUARER B 6 TR BEBLIE A 0 1
AL E R A . AIFIERER E, AT PR G 0i)5 24 h
111 117 B N D54 N N 1207 P 55 B N = |
MR 1B i MARER A/ RIS LA, HEMISL AT A8
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AEBEFEINT, BT FIBRER By T AR 23 401 A i i A0 R
FICRER LN IR B, B I o O B AR B P R
AR D> B BRAROE IR M Y B ER 1 KT,
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HRRBLRT SRR B W BER I /5 2 h MR RSB 1 .
FZ /2 1B SR LM, R RER 15 51051
JIRER Ey A2 BE SR 07 T DR B A OR3P R AN B
PRI A B 1 B3R By AT R 1 St i 3 AR R T R
PRI ORI L, X JORE R 7 R 1 PR 2 B0 JOE A
TR AR R T I R T T . TSAL SR B TR
BLA B3R 1 4 1) miR-let-7g-5p AT fil & FH A1 S 3% 6 At
FARIEIE 7 o S8 JOREH 7, B AR PR B U AN
TR VERE T RAE. SLURBTF, ML TR RS 2, 24 h
A PR IACR R T R 1. AR 1B SR
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EHEP TR, SIESATIIRER B 5 RS E
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