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R E B (AATE1T) R/ 440, 4238 SS 89 (458 L9 K/ 5 4P . AR & T LR A89(376116) K /4 4r (P<<0.01);
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#9(96.0847. 43)mm Hg(P<<0.01), £ %5 4.5.6.5 h,PTX A X & Het. 2 B do  £5E 34 24K F LR 1(P<<
0.0D), #&it PIXMZRARLFGOHEALERKEXIA—ETK, THRES LT H LA LIBRATFIHAF,

[KEIR] TETTHGKL. GG Hh S hE ik hRATS

[FEZEDES] R459.7 [xakkRiIRAEE] A [XEHS] 1671-8348(2020)22-3714-06

Effects of pentoxifylline on cardiovascular function and hemorheology

in rats with traumatic hemorrhagic shock "
CHENG Tianjun ,DING Hong ,DENG Zhilong*

(Department of Orthopedics ,Chongqging Emergency Medical Center ,Chongging 4000 14,China)

[Abstract] Objective To explore the effects of pentoxifylline (PTX) on cardiovascular function and he-
morheology in rats with traumatic hemorrhagic shock after fluid resuscitation. Methods A total of 30 healthy
male Wistar rats were randomly divided into three groups. The traumatic hemorrhagic shock model was simu-
lated by femur fracture combined with external jugular vein bloodletting method. Cardiovascular parameters at
different stages of resuscitation in each group were observed and recorded. Meanwhile, blood samples were
drawn to detect the changes of hematocrit ( Het), whole blood and plasma viscosity of each group.
Results After fluid resuscitation,the mean arterial pressure of rats in the PTX group recovered significantly,
and it increased to (83.55+2, 40)mm Hg at 360 min after resuscitation, which was significantly higher than
(75.53£7.95)mm Hg of the LR group (P<C0.01). At 360 min of resuscitation,the heart rate of the rats in
the PTX group increased to (447=+17) beats/min, which was close to (458 +9) beats/min in the SS group,
and was significantly higher than (376 £16) beats/min in the LR group (P <C0. 01). The central venous
pressure (CVP) of rats fluctuated significantly, 360 min after resuscitation,the CVP in the PTX group was
(36.13£2.03)cm H,O,which was significantly lower than (48.44+3.09) cm H,O in the LR group (P <<
0.001). After fluid resuscitation, maximum speed of increase and decrease in the left ventricular pressure re-
covered at different degrees in the two groups,and the recovery in the PTX group was more obvious. After
fluid resuscitation, the left ventricular systolic pressure (LVSP) of the rats in the PTX group gradually in-
creased to (122. 254 2. 70) mm Hg, which was significantly higher than (96. 08 =7. 43) mm Hg in the LR
group (P<C0.01). At 4.5 and 6.5 h after resuscitation,the Hct,whole blood and plasma viscosity of rats in the
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PTX group were significantly lower than those in the LR group (P <C0. 01). Conclusion
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PTX has a certain

effect on rats with traumatic hemorrhagic shock after fluid resuscitation,and can improve cardiovascular func-

tion and blood rheology indexes.

[Key words] pentoxifylline;shock,traumatic; hemorrhage;cardiovascular function; hemorheology
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1.1 ZBahHhAHH

VR IR D% i B ME I Wistar KB 30 2, ¥k &
(263+22) g, M1 fili 242 5 K22 556 sh ) b 3248, 2
WRRIEMRSE, A OKE R, LR 12 h 258, 30 X
HERBEBLAY B 3 2 - PR O 4 (SS 4D L 3L R R4
HH A (LR 4 FLER MA% W & 78 + PTX (97 4l
(PTX 41,54 10 K, P& 7 51 (258 £18)
(265+21).(264+19) g, 3 HAKMAEELE,2Z% L
Giitefm L (P>>0.05),

1.2 7k
1.2.1 A5k iRk f S AR By & 5

T JE S 10 207K & S8 (3. 5 mL/ke) BRI K

B BRI BT s S5 6 A7 A 0 B B kA 4 3% 2
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ik He (CVP) o #b 38 fib AR 52 900 W S 45 245 5 A Al 3 25 2 )
B0 Bk L 3B e 41 A 22 RE L A 0.9 mm ¥Rl 8K
RS BB RM-6200 A= B30 5% A (R HB X 32
T g R 22 D &S W48 B (LVSP) A0 EE &k b
F R B3 BE (£ dp/dtmax) B K EF.OZ(HR), Ry
I AT FARMAEHENH 1% %8 REE
MWEMEY K, WHE TG FRRAEMKIEFRE
ISR 50 I8 2 81E o A 4 A 5 RE [ MAP R
(120.5343.38)mm Hg |5 JH W 5 B mg Wy R B 22 ) s
BRI L 10 s B 0 1L AE S 80U R i e e s IR
22 &R DK B I, 10 min P ORL I & (39. 75 4+ 2. 25)
mm Hg, 58 MR T0 AR A, I DLt B 7E 0 B A i 055 J5
FH A4 A% i 52 %) 2L R ARORS Y 3k 3 A1 i Ik 4 A
PN 5 s PTX A 4040 455 e i 4b PR IR) LR 4.
18 FH LR MK 2 75 S5 A PTX(50 mL/kg) . LR 41
YT SR AR BRER KA N R IR L FEAK TR L IR
Ja B 60 4rEPig sk 1 WK U A0 IS S 5 (MAP,
CVP.LVSP, £dp/dtmax il HR),
1.2.2 PTX 89824 ik

¥ PTX(3EH Sigma 2 A B AR J7 i (50 mg/
kg, fAEHER K BE AR 4 mL) . M 5 B 38 3 50 41 ik
A4 25 HAE R T 5 min WA R AL A® (2 mL)
TR G0 o B e SRS A X R4 (LR 41) A
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I T IV Y28 38 (3. 0 mPa/s) | IR B 3 M Ifi.
WRE (4 A SRR T AR AR ) .
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xts Fow, 3 R LR FH 7 25 40 B, 41 18] P G L3R
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MAP 3 T [ % (37, 2340. 83) mm Hg, 5 &A%
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AW E TR )G 120 min MAP FFF % (82. 3541, 58)
mm Hg. [H45 8] AL T SS 41 (P <<0.001), HfEH #
J& 180 min MAP & #i N, PTX 4 & J5 045 T # ik
REHEE A PTX, B 95 )5 120 min MAP EJI &
(81.83+2.28)mm Hg, 5 LR 4 X [t 2% % L5 it
X (P<C0.05) ; Hi5 MAP 4kZ: 2248 M A 5 E 0 5
300 min MAP K & #](80. 93+1.43)mm Hg, M4 T
AEFEER KRS LR 41 MAP R (75.90+7. 95) mm Hg,
MABERAS 2B X (P<<0.0D); )5 PTX 4
MAP k2 I F B3 A T SS 41 (P<C0.001), LR
2 — A LB A, L 1,
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2.1.2 HR T A H

LA PR JE . SS A K B HR Jy (475 £30) K/
A3 G — E AR X — KT LR 4K R4 A0 455 AL
M AR PE S HR TR T 2 (4004 17) ¥k /43 %h 78 5 5
J5 120 min HR YR & 3] (421 +40) K /4350 PTX 4k
RMIELWAE IR PTX 3397 )5 120 min HR Pk & %
(430220 /4350, 5 LR Ml 2 R E G it ¥ 5 X
(P<C0.05), Ja M & IGIT I A A 2E K, HR YK &2 B33
EH K, ZIG 360 min ik 5] (447 = 17) /545,
M LR 41 HR 73015 95 )5 A BT [0l 7t {8 B 25 B[] 428
+,HR 2 MRS LR 2,

=1 ZHAAE K E MAP EE 8 (n =10, +s5,mm Hg)
) BN
205 B3 E R R =B
60 min 120 min 180 min 240 min 300 min 360 min
SSZH  120.534:3.38  114.0543.43 112.65-40.53 112.004-0.53 110.48--1.58 110.48-+1.05 111.68-2.23  108.68+1.20  107.3341.05
LR4l  118.20£3.36  37.23240.83"  40.1348.03" 40.0540.83" 82.35+1.58" 80.18+8.55°  79.73+4.80"  75.90%7.95°  75.53=47. 95"
PTX4 117.6844.73  40.284-0.60" 39.13-0.38" 39.834-0.53" 81.83+2.28" 79.43+1.80" 77.78-0.53"  80.9341.43*  83.554-2,40*
“,P<C0.001,5 SS 4 H# ;. P<<0.05,°:P<C0.01,5 LR 4l L4,
x2 EZHARNERE HR BB (n=10,x 5,k / 73 %)
3 BiNE
2151 BIGiAL 5 K5 =B
60 min 120 min 180 min 240 min 300 min 360 min
sS4 475430 164+15 168415 163419 166414 464414 162421 161+12 45849
LR 4 457422 400417 408420 40019 421440 416428 413435 38817 376+16"
PTX 41 464421 386417 401417 395+15 130422° 442413¢ 452428¢ 443+18¢ 447417

“.P<C0.01,":P<C0.001.55 SS 4L 4 ;. P<<0.05,'.:P<<0.01.5 LR 4l L% .

2.1.3 CVP T AeAH

B SSH RFL CVP FHEAR R, K (17. 33+
1.35)em H, O, 5 4E R 76 1K - 5 LR 41 76 80455 K i
AEPRJE  CVP [ E (—2.1940.93)em H, O, 54 4 15
TR A B FLIR MRAS W 95 5, CVP R &, & 95
J& 120 min CVP - JF % (52. 56 £ 6. 71) em H,O,

PTX HEEWEE )5, #IkEA PTX WRIT. B RS
120 min CVP K& £ (54.89+2. 71 em H,O, & H )5
360 min CVP f& 4 (36.1342.03)em H,O; 1 LR 41
KL T RE R AN W &L o0 BIE B B A A i T OE R,
CVP {35 (48. 444+3. 09 em H, O, i W & T SS 4
(P<C0.001), L% 3,

=3 LEAFRIE CVP kB (n=10,x*+5,cm H,0)
CPiVE
A5 B PS [N =B
60 min 120 min 180 min 240 min 300 min 360 min
SS 4 17.33£1.35  17.33+£1.35  17.6040.62  17.4740.71  17.58£0.64  17.354-0.56 17. 294-0. 66 17. 290,49 17.314-0.53
LR 41 17.2840.76  —2.1940.93° —2.39+0.78" —2.724-0.93" 52.56£6.71"  57.78+2.59"  54.44-43.13"  51.2243.23"  48.4443.09"
PTX4  17.2950.84  —2.7840.62 —2.5040,89" —2.2840.44  54.89+2.71" 51.78+2.73"  46.67+1.73>  51..56+2.60°  36.13+2.03°

“,P<C0.001,5 SS 4 H# ;" P<<0.01,°:P<C0.001,5 LR 4 %%,

2.1.4 AEEK%ELdp/dtmax T A H

Seuy kR, SS 20 + dp/dtmax 5B W5 T LR
HF PTX ;%524 120 min J5 ELKZE R PTX 4+
dp/dtmax {6 ¥ % & T LR 41 (P <<0. 0D, M & # )5
240 min PTX 2+ dp/dtmax {H 5 SS #H{H 3% 2%
TGt 2¢ 8 L (P>0.05), 4 PTXAJT 120 min J5 »
PTX £ —dt/dtmax {5 ¥ %% T LR 20 (P <0.05),
T SS A IEH(H, W3 4.5,

2.1.5 LVSP ZAibA %

BIi)J5 SS KB LVSP Z8fb A K, 4EF5 78 (131,
10+9. 15> mm Hg 7247 5 1 £ 483 B 475 F1 2 1 ik 28 f5
LRZ KR LVSP il T % %2 (63, 72 £ 4. 15)
mm Hg, J5 76 ZLIR MK W & 75 )5 175 & 4 Fr ik &2 . 78
29 J5 120 min LVSP ik #| (107. 32 £ 12. 53)
mm Hg, I 48575 X — /K F5 1 PTX KR4 & 75
JG A PTX JA97 . LVSP £ & ¥ 5 120 min 3 il £
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(101.2546.30)mm Hg.Z 7 )5 360 min #—£KE  &T LRAH(P<<0.0D) . L& 6,

B3R K3k 3 (122, 2542, 70) mm Hg, B @
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x4 L HEARERE+DP/DTMAX L& (n=10,x +ss,mm Hg/min)
BN
204 BIGA N $ZDiN
60 min 120 min 180 min 240 min 300 min 360 min
SSH 3.1042.21 28134282 20.7543.82  29.67+3.30"  29,0944.08" 29,4943, 14°  29.5043.39 28.8242.80  28.84+2.96
LRl 30.03£1.80"  10.41£1.59° 11.86+1.61° 12.1441.80° 26.13+2.73"  25.34+2.44"  22.7942.00°  21.13+£1.89°  21.13+1.88"
PTX4l 3L08+2.5  11.06+1.16"  11.6340.55' 11.6740.73"  26.9043.80°  28.3141.58" 29.0542.73°  28.44+1.68  28.35+1.63"
“,P<C0.05,";P<C0.01,°:P<C0.001,%5 SS#lIt% ;9. P<0.05,. P<C0.01,"; P<C0.001,% LR 41 L% ;%. P<<0.05,", P<C0.01,%5 PTX 4l
H#g,
x5 & HARR R E —DP/DTMAX b (2 =10,z %5, mm Hg/min)
3 BN
2190 sz s [N =D
60 min 120 min 180 min 240 min 300 min 360 min
SS 4 23.23+2.19 21594102 21.63+2.24 22454229 21.351.99"  21.29-+1.19"  21.38+1.45°  21.36+144°  21.08+167
LR 4 21.994+0.99°  6.567-0, 64 7.360.35"  7.7241.15° 17.9141.39° 18174167  14.7241.10°  14.72+1.27"  14.42+1.05°
PTX 4  22.66+1.57 6.89+1.13 7.1940.43 ¢ 7.20£0.56  17.5041.91°  19.4942.13°  19.47£2.10°  18.8840.94¢  19.7540.70°
*.P<0.05,":P<C0.001,5 SSZ L% P<<0.05,: P<C0.01,5 LR 4 IL#;°: P<<0.05," : P<C0. 01,5 PTX 4L }b%¢,
*x6 HAARERE LVSP b8 (n =10,z +s,mm Hg)
B BN
25 Bk s Nz B
60 min 120 min 180 min 240 min 300 min 360 min
sS4 131.1049.15  130.65+7.88 126.45+11.18 128.18411.48 126.0048.40  126.004-8.03  123.154+8.55  121.05+6.83  120.75+4.80
LR4l  129.386.38"  63.72£4.15°  66.5243.38"  65.7844. 60" 107.32412.53" 100,124-9.45"  101.85+7.8%"  99.60+7.28" 9608743
PTX 4 128184518  61.83+3.75° 63.6013.83  62.78+4.13  101.25-46.30° 114.60+4.50° 121.42-4.20° 124.35+3.30"  122.2542.70

" P<C0.001,5 SSHLH# ;" P<<0.01.5 LR 41 k%,

2.2 A B ik BB E G AL 6. B3 LRE
B 4.5.6.5 h, BB SS 41 LR 411 PTX 44 E=3 PTX4H
S R R YR I E Het FALEEL B, B 05 4.5 h, 2:
SS#H Het B (46 1) %, 1 LR ZHH PTX 4 Het 2 g 4
A SS 2B AR (P <<0. 001), 4% 51 Sk (20 + 1) % Fnl ﬁ "‘
(71 %, B PTX AR IEF LRAP<0.00:8 s
1 """
SRJG 6.5 b A B LA 45 L LI 1, B g e
J& 4.5 hy LR 41 B4 i B2 i 3% 266 B8 43 0l o4 (4. 75+ H e
0.23)F1(1.1240. 03) mPa/s, 1fi PTX 4114 1 & I 0
UG RE A k(3. 3540, 15) F1 (1. 06+0. 01) mPa/s., 6.5 h
BEMT LRAP<<0.0D),E /5 6.5 h &5 3 A 3 LRE
KA LE R, L 2, 1.9
60 B3 ssA :ﬁ
LR¢H \D_E: 1.0
10 B prxe =~
= £
< il
ke go.s-
20 EUN
=
0
0
O et B L]
L P<0.001.5 SS 41 A" P<0.01.5 LR 4l HE. A AL HE HOBE s B LS B HOBE 52 P<<0. 01, 5 PTX 414k,
A1 &40 Het Lb % & 2 LRAE PTXAemEMmEFHEERNITHITEL
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1 = B | R AR L e ANPTINE 2) BE TA E B
A AR AN R IR N S E R AT R G SN
HRA: AR R A ME B K . PTX i 2 Bl i A
T i A5 DA FE R B R T R R B AE O ik i A R
95 DU A B 28 4k Ak 02 B /N ER B R AR IR T
HA RAFRCR . AW 58 38 o # 57 KRR 45 2% i 1 AR
AT PR PTX XA 495 2% i AR s R A8 KL
I8 ) B8 RT3 A8 2 1 52 ) L BF A L e 3R 97 B 45 2k
IR e B B AE
3.1 PTX stal45 & fe bk 2 K RS dn & o 48 69 % vm)

75 N B A28 B A SO N 2 S A
U TR A I i 5 B A B R R 0 05 2k I 1 AR T 3R
IR L Rl DO NI - W i L N = R N -2 N |
RN 7 R 112 | s 2 E A i e 2
B IR . ABFST &I, PTX V897 AR 2 75 5 )
5 0% i PE AR 32 K B, BB E & MAP. HR. =+ dp/
drmax Al LVSP, 3 F& Ak CVP, #iW] PTX # LA
S LA 4 1 o 0 1 A B g IR 2L 31X 5 ROBINSON
AR TSR B TE N PTX S 389 00 HE 1L 2 Bz B AR o J
M BE T . FHim MAP 45 R —3 . J o Ao dar
1) Bl P A5 7 A BT 4 2K it o I B A 45 96 ~50%
X IR A 0 I 7 ) R i A R, R B0 IR T BE S BB AR
e, G B R AL T B X 5 MBI T A A
PTX BEH T RES LU FHLHI A ¢ (DPTX AR —
Tl it A1 ) 50, 38 A ) B RR R A B R OIE
(cAMP) 53 f# Ik /o O LA L 9 cAMP 3 £, cAMP
BB T L2 01 4 0B PN A T (Ca® ) LS BT, L
AfRLFF L Ca” " T8 AR R4 Ah Ca™ P 10 UL 2%
-0 5 R e 8, DT B 0 UL 4 A1 (2)
PTX A FEAK CVP, M sk 20 BIE i 62 4 » A ) F 00 L
W4 A WERED s (3O PTX ] FEAR Het, 421l & I 3% %6
JEE o TR I A DT 34 o e tR: Bl ik ot 3 . o 0
JULARE 4, 388 0 LS 45 M 5 (4) PTX W] 2 3% 11 40 i 2
RE » D800 11 240 68 R, DT 9 /0 4 P &R . TNF 1Y
PR U O LR I A PN R A AT
3.2 PTX M THREAEFHYW

ARSI Rl 26 B PTX H AT FRAR 4 1 S il % 2
MIVERT . AR5 2 o AR v 2o B b s B 2 A B )
A3 VARSI I 3 AR 2% 48 A, B o P AR v e (4. 5
h) 2 P AR T R B (6.5 h) DL 2R BT 7E ARG T By
B PTX B K BRAR B HEEMERM . O 48 D g kil
S TSR AR, FH T R B A 2ok R A 450 I
TSR hFaH 45 B o PTX X M8 ik & I
Je KB 5 J L AR e Ao B e i Y I AR 2 4 A 4 A
ARG —3., Z9 )5 4.5.6.5 h PTX 41 Het, Il 3¢ &
S R I BAR T LR 40, 0 PTX Al o 35 I 7% i
AspE, HALHIATRE S PTX AYLL FAEFA 54 (1) Het
JE LR E LR A £ DY PTX it % Het,

FTHREF 20205 11 A% 49 55 224

TR MR G . X AT RES PTX B3 P B 4 i oy
[EIRE DI N =t R 1 || NN P W 2] L s N T
A b AR M L I 2 A G s Het [ B AR Al AT fE
5 PTX 1 5 21 46 M A 0 %49 % 7= 28 = o e R 17
(ATP) I fE T AR B IR MR 17 CADP) 7K, BRI 21
20 R I L N L AR T R A ARG L () MR AN S R
B PTX A8 /0 40 M PR 2 i T i, 384 i H AR T 66
M B3 T RO R M. (3D 3 iR A1 BR R
(PGI2) W T B R R . 90 16 5 22 — TG 66§, 386 0 cAMIP
IR A I /N A Y B A A T L (4 386 i 3 £F 4
EF PR e 3% P R ARG I 2T 4 B UKL ()
PTX A 3% 0 1055 D) B 38 0 i 380 37 20 M B A1 Il ¥
BhRE B T R e B LA TR JE B NG A B A B T
HATR T,

R FAL 50 & W 259, in 2 B R, 25 W
R L LR 5 0 S T2 B i E R AL D0 AR R A 4 0k A%
T AE SR BT AR 5 3A 7 PTX BR ok 38 1 81 45 2 il vk
PR I BRI O 10058 T 68 5 SRR AR T il Y B il % 2
PRI 4038 TR 5 LR & 95 5 I3 8l 7 2% B it 28 2 1 ek
A5, JIFH L PTX i fig A 20 il 4 B & 1k RN, 3 % R
E-DINEE IR - EAE SRR RN R BN R I R
AT A PR,

BARATFR G R B8 PTX R & WAk E 75
B3 5 P R 5 R BRIAL 7 20 7 2 0L I AR SRR
A AN 2Z Ak (1) 5256 K R B b 45 i 45
AR e, T AE LU IR R h e 8 B KA R EH R
SR 5 (2) J I AR SIS A 5T, oK BE o HE i s A 405 2k ol
PER S R R & A HZ WA AR 0, I AR RE ST
H S K BB A I 5 (3) A AT X0 1L A 3 g K I i
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