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Quantitative assessment of TIC parameters for improving renal reperfusion injury

during fluid resuscitation in hemorrhagic shock by doxycycline:an experimental study
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[Abstract] Objective To analyze the correlation between TIC parameters and various laboratory indexes, and ex-
plore the value of contrast-enhanced tic parameters in evaluating the amelioration of renal reperfusion injury during resus-
citation from hemorrhagic shock by doxycycline. Methods 24 healthy male SD rats were randomly divided into Sham op-
eration group (Sham group), hemorrhagic shock reperfusion group (HS-RI group) and doxycycline group (DOX
group). The quantitative parameters of time-intensity curve (TIC), time to Peak (TP), mean transition time (MTT),
Peak intensity (Peak) and area under curve (AUC) were obtained 24 hours after the modeling. The serum creatinine
(Crea) and Urea nitrogen (Urea) levels were detected by venous blood samples after the modeling. Kidney tissues of
rats were sacrificed for pathological examination. Results Compared with Sham group, the Peak and AUC values of HS-
RI group were increased, TP and MTT were prolonged (P <C0. 05), renal tissue damage was obvious, CREA and URE-
A levels were significantly increased (P <C0. 05). After doxycycline treatment, Peak and AUC values were decreased,
TP and MTT were shortened (P<C0.05), renal tissue damage was improved, and Crea and Urea levels were decreased
(P<<0.05). TP, MTT, Peak, AUC were significantly positively correlated with Crea, Urea, MMP-2, MMP-9 and
TNF-a. Conclusion TIC parameters can provide early and sensitive monitoring of renal cortical perfusion changes before
and after drug intervention in fluid resuscitation phase of hemorrhagic shock, and TP, MTT and AUC have some refer-

ence values.
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RARFIKEA , Sham 2 & HS-RI 4178 A %5 5 4R Bl L
Ko ARWFFEARATFEE RS ZE 51 AL

1.2 ZhipiiRigsr VR A R8I (10 mg/
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Figure 1 TIC diagram of renal cortical blood perfusion in each group

7 : A, Sham 4 ; B. HS-RI 4 ; C. Dox 41
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Table 1 Comparison of TiC parameters in renal cortex of rats in each

group
45 n  TP(s) MTT(s) Peak(dB) AUC(dBes)
Sham#1 8 17.1+2.6  34.645.4 40.9+3.3 1903. 3+336. 8
HSRIAH 8 40.3+6.2Y 139.34+17.0°  62.0+5.8"  11770. 6+1984. 3%

Dox# 8 25.8+4.4%% 73.1+£10.2°% 52.1+5.3°% 5191, 4+721.4°%
.5 Sham 4 4, DP<<0.05;5 HS-RI 4 He#,@P<0.05

2.2 FSHKRREIAELE R ILE 5 Sham 41 LI,
HS-RI 0 i1 Dox ZH 1Ml Crea M Urea /KT (P <
0.05) ;5 HS-RI 2 I # . Dox 41 Crea M Urea /K[
& (P<C0.05), W5 2,

F2 HBHEKXR Crea B Urea tbE (x +5)

Table 2 Comparison of Crea and Urea of rats in each group

Urea(mmol/L)

20 7 n Crea(pmol/L)
Sham 41 8 29.36=+3. 92 7.8340.47
HS-RI 41 8 74.7049. 287 20.36+5. 017
Dox 1 8 44.00+5. 6409 13.81+2. 7509

75 Sham 4164, OP<C0.05; 5 HS-RI 41 b4, @ P <C0. 05

2.3 KR EHL MMP-2, MMP-9 Fl TNF-a 7K
¥ 5 Sham AHAH I, HS-RI 2H F1 Dox #H K Bl B 2H 21
A18 ) MMP-2, MMP-9 & TNF-o 7K F 7+ 5, &
Dox 4l MMP-9 /K b8 25 S5 G it 22 8 L, R
AR S WA G E L (P<<0.05), 5 HS
RI 4140 1t . Dox 41 1) MMP-2 ,MMP-9 & TNF-a 7K
SEFEAR (P<<0.05), W% 3.
*£3 BAAXRBHLE MMP-2 MMP-9 # TNF-a 7k F L8 (x £5)

Table 3 Comparison of MMP-2, MMP-9 and TNF-a in renal tissue of

rats in each group

26 5 n  MMP-2(ng/mL) MMP-9(ng/mlL) TNF-a(pg/mL)

Sham 41 8  39.03+1.81 31.13+1. 94 15.44+2.87
HS-RIZH 8  46.8942.90%Y  36.81+2.117  24.23+2. 307
Dox# 8  42.26+1.960% 33 1142 44% 18.51+1. 7009

75 Sham 414, OP<<0. 05; HS-RI 4 b5, @ P <C0. 05

2.4 TIC 2B 53R ERIAALE T TP.MTT
J AUC 5 Crea,Urea, MMP-2 f TNF-« & 5 ¥ IE
HIZE(P<<0.05); TP.MTT & AUC 5 MMP-9 &
B IE M1 %5 Peak 5 Crea, Urea, MMP-2, MMP-9 M
TNF-a & IEM R (P<0.05) . L& 4,

x4 TICSHEXBREHEFEXESHT

Table 4 Correlation between TIC parameters and laboratory indexes

FE R TP MTT Peak AUC
Crea r 0.852 0.906 0.832 0.908
P <0. 01 <0. 01 <20.01 <20.01

Urea r 0.839 0.801 0.745 0.789
P <<0. 01 <<0. 01 <<0. 01 <<0.01

MMP-2 r 0. 800 0.786 0. 648 0.751
P <20. 01 <0. 01 <0. 01 <0. 01

MMP-9 r 0.718 0.731 0. 586 0.706
P <0.01 <0. 01 <0. 01 <0. 01

TNF-a r 0.692 0. 840 0. 814 0. 864
P <20. 01 <0. 01 <0. 01 <0. 01
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o A 2
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Figure 2 Renal pathology of rats in each group
A, Sham 4 ; B. HS-RI 44 ;C. Dox 41
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