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4-FETRXEHRMERTEXROFRPIERRSNEMNENRENX R

BOF,E A FNRWA L Z,A9RS.heE, mEH (400042 TP, 55 = ZE 18 A 2EHT I e B R AR5 T 45—
BRI B0 Bt 5 8 A 15 R T S S )

[(WZE] B 50T 4-435E TR (4-phenylbutyrate , PBA ) X1 475 2% PR T SRR 4 FH OGS M 38 B 1 14 5 1
Jitk  SD REL 192 H(MEMER-F 12 ~ 14 J KB 180 ~ 220 g) , 432 1E W XF BZH , R 5m % BRAH , FLIR ARA% IR (LR)
2 ,PBA 5.20 .50 mg/kg 4 , & il K FRLAI% S M A AR TR AL LA [R50 & PBA XA 58 K BUAATE 17 00 | I3 3 g 2 L Il < 3
b K MAE SRR SE o 855 PBA REAE BG40 2% M MR e R BRI A7 TG 16 00, (AR SE S 0 i 24 h 7236 2 AR 4 Y
0.LR ZHHY 19% 2= % PBA 20 mg/kg 4/ 75% , s 4736 it Al AR TE41A9 3.2 h LR 4149 10. 8 h #EK % PBA 20 mg/kg 41
19 19.9 h, PBA 20 mg/ke i3 /5 ML 30 1 25 bn AL G AR W] RAOL T 58 LR K95 (P <0.05,P <0.01) , [A]i, PBA %
TS M IS ANET T Th Bt B S T, I A8 e B 0 M AN AT sk RO A LR 1Y 63.3% \73. 3% 43 3K 52 & PBA 20 mg/kg
21 80.2% 93.1% (P <0.01) , &5 PBA RRECEIRTE IS M DIBE , 28 ML 8l 1 2% , 3R 495 2% i AR 5 A B A £

FHER
[SE$IA]  A-RBE TR Ak iAo 5 1l 338 2l g 2 5 ISR SRz 1
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4-phenylbutyrate protects rats against traumatic hemorrhagic shock by improving

vascular function
Peng Xiaoyong, Li Tao, Liu Liangming, Xu Jing, Tian Kunlun, Chen Xiangyun, Yang Guangming (State Key Laboratory
of Trauma, Burns and Combined Injury, Department 2, Institute of Surgery Research, Daping Hospital, Third Military Medial University,
Chongqing, 400042, China)

[ Abstract | Objective  To determine the protective effects of 4-phenylbutyrate (PBA) on traumatic
hemorrhagic shock and on vascular reactivity in rats. Methods  One hundred and ninety-two SD rats ( male
and female in half, 12 to 14 weeks old, weighing 180 to 220 g) were randomly divided into 6 groups, including
sham-operation group, shock control group, lactated Ringer’s solution (LR) group, and 5, 20 and 50 mg/kg
PBA intervention groups ( PBA at corresponding doses was added in LR solution). After the establishment of
traumatic hemorrhagic shock rats, the effects of PBA on the animal survival, hemodynamics, blood gases and
vascular reactivity were observed and compared. Results ~ PBA improved survival outcomes of traumatic
hemorrhagic shock rats, with the 24-h survival rate increased from O in the shock group and 19% in the LR
group to 75% in PBA 20 mg/kg intervention group, and the survival time of shock rats increased to 19.9 h in
PBA 20 mg/kg group from 3.2 h in shock group and 10.8 h in LR group. Administration of PBA 20 mg/kg
made the parameters of hemodynamics and blood gases better than those alone with LR resuscitation (P <0. 05
t0 0.01). And PBA also markedly increased the vascular constriction and relaxation after shock, by the
constriction and vasodilator reactivity increasing to 80.2% and 93.1% in PBA 20 mg/kg group from 63.3%
and 73.3% in LR group, respectively (P <0.01). Conclusion  PBA improves the vascular function,
stabilize hemodynamics, and finally exerts the protective effects on traumatic hemorrhagic shock rats.
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B535% 144K 5 (traumatic hemorrhagic shock ) 2™
FO5 5 | R APl PR EE , 75 SR 3 A A 2
BOICREAR S . QMRS A2k B IS T RE RS, 4l
S MAEAR S NLE (vascular hyperactivity ) , 5275 | #2473 4 48
TOREERAY T I, EABFSEIR v 5 I AR
PER TR TE T 52 = B R 5 Y OB KA B2 &
o 4-FRHET R (4-phenylbutyrate, PBA ) J& 62 5 JiC )
AR 73 ¥ BT AR , A —Fh e = i 25 E vk
% [ FDA i 1 F I R TAY T LR RIS, 1t
Hh,PBA X Z B IR AR W 2% B D e HoA R AP AE
FIY o AR ST & B, PBA R4 TR READ il Y
J5 ) 18 ( endoplasmic reticulum stress ) , X it [fil T3 {3
5 I Rkl 28 R GEAR A R /R 7, {3 PBA
RE G IR v J5 I IR I A BUR BT, R M A
THAE . ARSEI R A5 26 M PEAR e KBRS Y, WiS% PBA
PR SE S AE 1 18 O L 30 7 2 SR bR S i 4
SN R, AR AN AR e a7 ik

1 5%

1.1 £z

SD K EL 192 H MERER-2,12 ~ 14 JRES , 75/ 180 ~220 ¢,
FH 5 = ZE B R 2R ORI % B B BRI 9 BT S 50 3h i oL AR AR
AFEIES R SCXK (161 )2007-0005
1.2 SE34- A Fe ) 4 K o bR 2 BE A ) &

LGSy 6 A IR X B PR X B | FLER ARAR IR TR
(LR) 41 .PBA 5 mg/ke 41 .PBA 20 mg/ke 41 .PBA 50 me/ke 41
96 HRR (B 16 1) FTWEAEEE I ,48 HRR (418 H)
FH TR0 L3 30 7 5 A0l S AE AR, oA 48 AR (A 8 H)
FHT A A8 S it o SEB T 12 h 25, B oK. SERR IR
U Ll 22 A RR T, A 000 T 3 ok A0 50 3l Bk A 8, 430 T
BTV 23111 W SN =107197 0 i LU IV e A R = O L = 2 T
2 IR BT AE 45 1M S 7E 40 mmHg 3 h, PR e R 58 LS #i
IS HAT R IR LR 2 A8k il i 0 FLER MRS IR 9%,
PBA Z1H5 A [FIHE BE 1Y) PBA A L BR RS TR P i, R 5 %)
BANT AR IR
1.3 RAH/AEFHANER

IR GEE SRR el KIS T A LIS, 2 S 1, L
PES H &R SRR, ERRE, WM ER )G
24 b, PFEAFE I R] S AR
1.4 i sh ) 5 Ao e A A5 ARAR

Ay FERTERT ARIEA E IR 1 h R 2 b 58 e sl oo
HEREKAR IR T W 887 34 3l K Il ( mean arterial pressure,
MAP) | 38 33 A7 3080 ik 45 7% 42 A i 7 A 8% 1)/ \ T 50 R
BT (Power Lab, AD Instrument , K FI P ) ) 5 1l 37 3 77
FAERR, EEE A2 O 4G i (left ventricular systolic pressure,
LVSP) flZe.0 2 ik BT/ TR ( = dp/dy,,, ) 5 BT
0.2 mL Hr&E3f fk iiA if <53 H7 4 ( Phoxplus-L, NOVA , 3¢ 5 ) il
SE I SAGHR 45 pH {f HCO, |l 43 (BE) FIFLEe
1.5 % B A

TR )G 2 h JE B KU &R 3l (superior mesen-

teric artery, SMA ) , A &5 1A Il 45 5k 07 I A B2 A A 0 1 48 /2 L
PEPT #% SMA $: T4 Krebs-Henseleit ¥ ( K-H ¥ ) 9 8 14 2%
EHEGLEAE P 2 b RO S I A A, SRS R
e K-H {47 30 min, $52 RBUR L A hon A L H S
B2 (NE, 24k B 107° 107° 11077 .10 7° .10 ®mol/L) , 241l
G535 B B A B BRI Z AR B ( acetylcholine, ACh, 28k iy
1077107 1077 [107° (10 ~mol/L) , i s il 5 #0 if A) KE il 5K g
{EL(BY) o 40 0 ok i 457 B 7 A B KU i 5K 77 (EL) i NE
R SERE 3K (5 (B2) AR[F] NE ¥ BT I8 24 B9 d K04 5k g
(E2) LABASIR] ACh ¥ B2 R ot S (E3) o I 8 e 4 B o v =
(E2-B2)/(El1 =B1) x 100% , &7k Jz i = (E2 = E3)/(E2 —
B2) x100%
1.6 %tz o

TR x + s Fon , R SPSS 13, 0 R E 42 I 152
TR 22 43t AT Ge i T2 A B 201 8] 22 5 L 35K T Tukey

2 HR

2.1 PBA 34045 &k dn bk 5o K R A F 1 DL @

TE X HEALUR B B, Rt BRZ CRBZI5) K BRI
SeJa 9 h NASERAETS LR S IRAERR L TH R s sl 470 1 [H]
124 h A7 A< PBA B 7 B S 48 w5 1 PR 5 R BB A7 3 R Ji)
716 3, Horp PBA 20 mg/kg B0 PR 58 S W47 (A5 1L 35
FLR4H(P<0.01,K1),
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2.2 PBA x4 K fd ik 5 K R ik 3h A S 69 %0k

PRTCE KRR MAP il LVSP g 3 F& Ik (P <0.01) LR &
SRRERSE TH R L Eh 4 (9 MAP I LVSP {H 50k S 4 4H Lt 2% 5
Togeit2# & L (P >0.05), PBA 20 mg/kg %13 AT W] d = K
7 KB MAP 1 LVSP, & F LR & 7541 (P <0.01,P <0.05) ;
PBA 5 mg/kg F1 50 mg/kg XJ K 58 K F MAP 1 LVSP [ 2t #4F
M5 LR ML ZERICH 4 E X (P >0.05), PBA 20 mg/kg
WRE TR GEFEARAT £ dp/de,,,, W& T LR 41(P <0.05) 7
B 9JE 2 h IRE B IEH K. PBA 5 mg/kg 150 mg/kg 41
WIRE TR R RAY +dp/dt, , fH5 LR L3 CHH B 22 7
(P>0.05), L% 1~4,

F1 PBAXEAIGRMERT AR MAP K500
(mmHg,n =8, x +5)

205 PRFEHIT RFEE g 1h s 2h
noeayisEil 123.8+7.3 120.2+9.9 114.6+10.6 111.2+8.9
RTEXT 2 118.5 6.2 40 43.1+5.9¢  38.6+10.5%
LR 41 117.1+7.9 40 54.3+6.5 50.4+7.6
PBA 5 mg/kg 41 112.1+9.6 40 58.5+6.9 52.8+9.3
PBA 20 mg/kg 4 116.5+9.1 40 71.0 £9.0>  66.9 £8.4¢
PBA 50 mg/kg 4 115.5+6.9 40 62.5+6.4 63.6+10.2

a:P<0.01,5 £ 3 B4 ;b.P<0.01,c:P<0.05,5 LR 4rbix

#z2 PBA XEABIGRMERT KR LVSP B0
(mmHg,n =8, x+5s)

2151 PR i KTk el 1h  ZAZiE2h
N ayiEl 138.7£14.3 132.6 +11.3 134.3+13.2 130.5+12.4
PRTExT L 133.4£15.3  72.4+10.4 76.3+14.3% 69.8 +8.7°
LR 4 142.2+11.3  74.7+9.5 96.8 £13.4  90.7 +12.5
PBA 5 mg/kg4l  133.6+10.2 77.8+13.6 106.4+11.0 93.8 +17.1

PBA 20 mg/kg 41 130.5£17.0
PBA 50 mg/kg 4l 141.8 £5.6

76.1£14.9 120.0+12.9 117.1+10.1"
79.6 £16.0 108.6+9.8 109.0 +17.7

a:P<0.01,5 Esf R abi;b:.P<0.05,5 LR k4

#£3 PBAXMEFHGGRMMERTKR +dp/dt,,, FIFE
(mmHg/s,n=8, x +s)
205 PRTER PRFEA #4251 h 4252 h
IR REZH 6932.3+621.5 7327.5+821.3 70%.6+873.4 6 814.3 +704.9
PRTERT AL 7134.9+936.3 4279.4+684.7 4366.1+592.8" 4 511.6 £653.5¢
LR 21 6874.3+755.3 4529.3+703.2 5463.1+891.3 5224.6 +563.9
PBA 5 mg/kg 4l 6953.1+830.4 43%.5+715.5 6449.2£663.7 5 808.6 +744.7

PBA 20 mg/kg 2 7226.6 £965.9 449.1+584.7 6445.3+341.8 6 368.8 +449.2P
PBA 50 mg/kg 4l 7257.8 £795.5 4423.4+533.0 6152.3 +6%4.3 6210.9 +839.0
a:P<0.01,5 E4sf 4k ;b:.P<0.05,5 LR b4k

F4 PBAMNEHGGRMIEARTRR - dp/dt,,, HIFNE
(mmHg/s,n=8,x +5)
A5 g PRsER

#2)E 1 h 2R 2 h

T R -6432.5+684.6 -6745.8+590.2 -6408.3+704.5 -6134.2+931.4
PRTEXT ARG -6563.4+853.3 -3753.1£525.5 -3867.5+838.32 -4053.3 +668. 12
LR 4 -6289.3+935.7 -4137.4£583.3 -5021.8+589.4 -4534.4+£497.5
PBA 5 mg/kg 24 -6132.8+564.9 -3925.8+690.9 -5742.2+813.0 -5265.6+768.6
PBA20 my/kg 4l -6343.8+792.7 -4113.3+307.5 -5933.6+677.6 —-5758.6+458.1b
PBA 50 mg/kg 4l -689%4.5+1391.1 -4433.6+584.3 -5468.8+787.9 -5625.0+944.9
a:P<0.01,5 4 sf R4k ;b:. P <0.05,5 LR k4

2.3 PBA x4l45 & bk st K Rl A 354789 %ol
PR R R Sl ok i, FLIR 5 e S35 T R, 298 R K
T45(P<0.01) . LR &J5J5 M FLER K-V UA B FE{K. PBA

B TE T W) BRI FLRR 5 L ZESZ RS 1 h,3 SRR PBA 20
HIFLRRK R ARTF LR (P <0.01,P <0.05) s fER 93 )5
2 h,PBA 20 mg/kg HAMRYW BAKT LR H (P <0.01), K7E)5
KB B ik if. HCO; A BE ¥ B 1 B AL T~ 1E X BR2H (P <
0.01) ,LR E IR EBEEEAAN . PBA 20 mg/kg AW RIRE
HCO; #1 BE,B{ .5 F LR 44 (P <0.05) ., {H PBA 5.50 mg/kg
HE LR HZ 8] 22 5+ T E (P >0.05) , LR Fi& & PBA
S AR S5 RRARAY I pH (B 2 IEH KF (RS ~8) .
x5 PBA &AMk Mm%k AR m 2L B #0m
(mmol/L,n=8,x +5)

2151 ST RFA WedlE1h 452552 h
1E X REAL 1.0£0.2 1.3+0.4 1.8 +0.4 2.2+0.5
PRTEXT HEZH 1.2+0.4 8.2+1.1 8.6+1.32 8.8+1.0%
LR 2 1.4+0.4 9.1x1.4 8.5+0.9 7.2+0.6
PBA 5 mg/kg 2 0.9+0.4 8.5+1.2 6.5+1.3b 5.9+1.2
PBA 20 mg/kg 4H 1.1+0.4 8.9+0.9 6.8 +1.3¢ 5.0+0.6"
PBA 50 mg/kg 41 1.4+0.5 9.2+1.3 6.4 +0.6" 6.2+1.1

a:P<0.01,%5 E% 3 BAE;b. P<0.01,c:P<0.05,%5 LR 21
) 1¢:3

% 6 PBA X Z AR MERTE XKD HCO; K F
(mmol/L,n=8, x £5)

2157 PRSI PR3EA %25 1h 4252 h
1EH X IR AL 22.6+1.8 23.3+2.4 25.4+1.7 23.3+1.9
IR x BB 2] 24.9+3.3 15.3 3.6 13.2+2.4*  13.2+3.12
LR 41 21.3+1.3 13.9£2.2 15.8 £2.7 14.9+1.9
PBA 5 mg/kg 4 24.9+2.5 13.8 1.7 16.8 £3.3 17.3+3.4
PBA 20 mg/kg 4  22.8+2.4 12.5 3.1 17.6 £3.3 19.2 +3.4"
PBA 50 mg/kg 41 25.3+1.9 11.2+2.2 16.7 1.5 15.9+2.7

a:P<0.01,5 E xRk ;h. P <0.05,5 LR 41k

#7 PBAXZABHRMEARTR KR I BE B30
(mmol/L,n=8, x +5)

215 PRTCHT PRYEAR BZjfa1h  B)E2h
T X B 1.3+2 0.6+1.3 -2.1%1.5 1.7 £2.2
PR vExT HEZH —1.4+1.7 -12.3£3.4  -13.8+2.4% —12.9+2.7°
LR 41 1.7+2.3 -14.2+1.4 -11.3+3.4 -11.8%2.4
PBA 5 mg/kg 2 1.2+2.3 -14.73.2 -8.8+4.5 -8.5%4.2
PBA 20 mg/kg 41 0.4+1.8 -15.22.6 -7.53.5> —6.3+2.1P
PBA 50 mg/kg 4H -242.6 -13.5£3.3 -8.3+1.5 -8.7x2.5

a:P<0.01,5 2Bk ;b P<0.05,5 LR 41k

#=8 PBAXZAHEMGRMMERTERRMD pHEKNFM(n=8, x+s)
205 PRI RFEA 2jfa1h  BZ)E2h
1E X R AL 7.365 +0.063 7.386 +0.056 7.392 £0.063 7.409 +0.068
PRTEXT HEZH 7.413 £0.045 7.235£0.051 7.251 +0.041 7.275 £0.038
LR 41 7.382+0.035 7.218 £0.056 7.294 +0.058 7.323 +0.052
PBA 5 mg/kg 2l 7.396 +0.081 7.269 £0.073 7.380 £0.067 7.355 +0.126
PBA 20 mg/kg 41 7.369 +0.097 7.254 £0.053 7.376 £0.035 7.366 +0.108
PBA 50 mg/kg 4 7.404 +£0.105 7.238 £0.065 7.412 £0.052 7.427 £0.061

a:P<0.01, 5 B % 3 4L rbdx

2.4 PBA stk bk £ K R R BE LB ko
B P 84 % v
RTEIE , KB Z I L 3 Bk xd NE 55 i 45 S BV
B, BEMTIERAL(P <0.01) o LR & J5 6 M 45 Ui 5217
PEEREETE . PBA v 7T W) 2 T 0L R 4 A, PBA 5
20,50 mg/kg 2 I 4 9 Wi 4 52 PE R TR 5 T LR 4L (P <
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0.05,P <0.01) . fR5C/5 L &F 5 S P 1 1 25 R AR, 3 5
Y PBA Hd i W K T R 5 s B AR 1 i A5 47 5 By M
WBEFESTLR4(P<0.01,5£9),
*9 PBA X EHEBHRMERT KR RE L3k E R R
[ n=8,(xxs)% ]

25 IR € EmAkES I ET 5K SR
TEH X HRA 92.1+7.3 95.5+8.5
P g% R 2 54.4+9.38 65.6+7.8%
LR 4 63.3+8.6 73.3%7.9
PBA 5 mg/kg 41 79.9 +6.7" 90.0 +5.6"
PBA 20 mg/kg 41 80.2 £6. 1P 93.1+4.5b
PBA 50 mg/kg 20 74.2 +8.7¢ 85.6 +6.6"

a:;:P<0.01,5 E# 2Bk ;b: P <0.01,c:P<0.05,5 LR 4
i

3 iFig

AR S P S — o 7 ™ T 5 K 3 S £ bl
PREERE A AR A7 TR B 058 &7 46 D) RE B A5, 2 48 10045 T 1l
IR YA I R OB B TR . AR
LB 2R ML 4 B (Y SRR B Y U T
T X BB HIATT . BRI, A R IR S K
MR PERI 25 A B B X

PBA J&2—FHi T & 1254, BETIGIR B Ti6RY7
L PRGBS 2T 40 s Rt g 2
IR B, PBA /R b0 T8, i fa e &
FA G & BT AR B o A/ RAE RV AR T &
AR P32, AT B 3 PN 5 90 3 A A4 7 PR R IR )3
W PBA X AR R R TR AR, KE
PS5 2 AFFE RS, PBA B BB A 22 0 I A 3 1Y)
WTEVATT 254, AR 058 PR TR L SRR RERE AL
A EREE 4512 Vilatoba 251 %% B, e I P 9 7
BT PR I & A, PBA TR YT T I3 P J5E IR
WG A AN AR % o Srinivasan 4517 413238 PBA ]
TE A AR PN BT D R R R B R e A . H
PBA AETS ke 36 PR v I I A 106 2 IS 1 4 4 6 PR 5 11 36
BVER, BRI ANERE

ST B R T PBA BENS L IE KA1 45 2
LA PR R LA A0 B ) L4 85 24 b 735 2% k3t
YRR TG I 3 12 BB E , 2 TE K 5 S R R 1
L5 Hih 20 mg/kg 9 PBA SRR BOBLK SLAE
HERBEMR TR LR Z95, P sk
R o SR BT 7 E Y I D RE R A, I A e
FET 5K B AR 3 T B, PBA YR YT RE B B B R v
J5 WIS SR, XS4k BARIR , PBA ] Al i 3%
NN R IREROI N VSN IR FB VA i 2 S R TR A==y
SE, RAFRGF IR SO/ . PBA B —FhRA 7210
T BIRTEIRIT 10254 , BB XK T B 3% 17 Ak

kPl R R L o
S k-
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