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[Abstract] Objective To compare the intestinal injury induced by different intensities of waveshock
in rats exposed to extremely cold environment and to preliminarily explore the characteristics of the injury.
Methods Sixty healthy male SD rats (2 months old, weighing 200~250 ¢) were randomly divided into

6 groups(n=10): blank control group, low-temperature control group, 5.0 MPa shock control group, and low-
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temperature+4. 0, 4. 5 and 5. 0 MPa shock groups. The rats in the experimental groups were pre-treated in a
—-10 °C low-temperature environment for 30 min and then subjected to intestinal injury by using BST-I
biological shock tube with different driving pressures. At 3, 8, and 24 h after injury, the serum levels of 1L-6,
TNF- «, intestinal fatty acid binding protein (I-FABP), and diamine oxidase (DAO) were detected, and the
survival of rats within 24 h was recorded. At 24 h after injury, the rats were anesthetized and dissected, the
characteristics of intestinal injury were observed, and pathological examination was performed. The
differences of intestinal injury were compared among the 6 groups to explore the characteristics of intestinal
injuries after different intensities of shockwave in rats after exposure to extremely cold environment.
Results Compared with the blank control group, the other 5 groups exhibited different severities of intestinal
injury, and the rats in the low-temperature+ different shock groups were more prone to intestinal edema and
trauma. The mortality rate was significantly increased in the low-temperature+5.0 MPa shock group (P<
0. 05). Pathological and serological studies found that dual effects of very cold environment and blast injury
resulted in intestinal mucosal hemorrhage, edema, and disintegration of lamina propria in the experimental
rats. The indicators of intestinal mucosal injury and intestinal inflammatory factors were also significantly
increased when compared with the blank control group, and significant differences were among the groups with
increment of shock intensity (P<0.05). Conclusion Exposure to very cold environment combined with
abdominal blast injury increases mortality rate in rats, manifested by elevated serological indicators and
intestinal inflammatory factors, as well as varying severities of intestinal wall edema and submucosal bleeding.

Furthermore, the severity of the injury is positively related to the impact intensity, with worsened as the impact
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intensity increasing.
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Table 1 Cold exposure time and physical parameters of shockwave intensity for each group of rats (n=10)

Exposure time to a

Pressure value at

. Overpressure Positive Positive impulse /
Group —10 C low-temperature  the high-pressure Impact position
peak /kPa duration /s kPa. s
environment /min end /MPa
Blank control group 0 - - - - -
Low-temperature control group 30 - - - - -
Abdomen facing the
5. 0 MPa impact control group 0 5.0 364. 04 0. 05480 6. 160 829 32
source of the impact
Low-temperature + 4. 0 MP Abdomen facing the
o emperatine ¢ 30 4.0 260. 88 0.05248  4.31012225 i
impact group source of the impact
Low-temperature + 4. 5 MPa Abdomen facing the
. 30 4.5 350. 12 0.05112 5.779 543 35
impact group source of the impact
Low-temperature + 5. 0 MPa Abdomen facing the
30 5.0 363. 34 0. 05674 6. 159338 47

impact group

source of the impact
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L‘ —— Low temperature + 4.5 MPa impact group
, a —— Low temperature +5.0 MPa impact group

50

Survival rate/%

T T 1
10 20 30
Time/h

a: P<0.05, in comparison with the blank control group

E1 fAXR24hEFHZEE(n=10)

Figure 1 Survival curves of rats in 6 groups at 24 h (n=10)

2.3 RIAK R ADIHELE KRR LE R
25 FA X A 2 R AR I X B A KRR 24 h i) 45 AR
N A TE A WL R . v R BRI BN R R
MBI . 5. 0 MPa tpli X REZH i 18 H 305 7 3R

Ko BE AL, 7K b 854 5 AR IR +4. 0 MPa i 41K R
T8 B SRR e 38 50 1 e i o5 AR IR +4. 5 MPa sp s
2R 22 I e 1, g B v B K Bl sy 50 i B i
Ji s ARG +5. 0 MPa it 2 K BRI BE 75 B2 /K i, 8 65 T
i (E2).
2.4 BUARIAMBIRILIELLER

T AKX IR K Rz TE T 2 B0 B K
Ko e 2 LI, oA B AR IR+ v R R 2
TP R AN 2 B 10 i 0 0 5 M R T )22 AR e, 4 4 4
IOkl I 1) Rt 7 T i SR S I 1 = B
Ik +4. 0 MPa pfi 2 S AR +4. 5 MPa tjfi 40 7T UL 1
2 Sl N 115 N o e = R 1 R S R (A
5.0 MPa i 2 0] LB 40 1L 45 7 100, 26 B 114 )2 i i
B T 5, B B B A0 %5 5. 0 MPa s of 1R 20 HH &
JnE(E3.%£2),
2.5 MKEBRBESMBEIFEERRG S

AR fe A DAO & I-FABP # &

SEEG B, v I 3 h R AR BRAS X R4S, 45
2H K BUIM TS DAO K I-FABP ¥4 25 (A X FE4H T , 32
7 B 3B R A 5, HL el o R R R, T v e B 5 IR
T+ b 2 B R X BR 2 IR IR +5. 0 MPa i i 4 %
5. 0 MPa i X HEZH T35 5 R BH & (P<0. 05) o (A
24 h DAO J2 1-FABP o , Il 0 HE 20 5 25 o0 R 2H 2%
SRR FE R A REZ I (K 4),
2.6 ”ffiam?giﬁé» ﬁﬂﬂi‘ﬂ"‘%%/&/‘b’/fﬁf;k»\‘ﬁ R

A F TNF-o & IL-6 7+ &

SEG R B, w3 h AR, BRAS X R A4, 45
2H KBRS TNF-o f TL-6 #4155 55 A % IR 2 T, 3
Ji 55 65 s B 9 A S I, L ek e B R, T R R
R+ i ZH A AR IR X PR 2 IR TRL +5. 0 MPa s 41 %%
5. 0 MPa i X HE AL TH i 50 B i (P<0. 05, #15) .

o &6 AR A% 48



http://aammt. tmmu. edu. cn Bl 7224 155 R mi 4R, 2025,47(17) 2075

Blank control group Low-temperature control group 5.0 MPa impact control group
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Figure 2 Gross anatomical images showing various intestinal mucosal injuries in different groups of rats

Low-temperature control group

3 RAHELREKXENSAKREHERGHREE

Figure 3 HE staining displaying the pathological images of intestinal mucosal damage in different groups of rats
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Table 2 Chiu’s pathological scores of intestinal mucosal injury in each group of rats (n=10)

Pathological Scores

Group P
0 1 2 3 4 5
Blank control group 10 0 0 0 0 -
Low-temperature control group 6 4 0 0 0 0
5.0 MPa impact control group 0 1 5 3 1 0 <0.05"
Low-temperature + 4. 0 MPa impact group 0 5 5 0 0 0 <0.05"
Low-temperature + 4. 5 MPa impact group 0 2 4 3 1 0 <0. 05"
Low-temperature + 5. 0 MPa impact group 0 0 2 2 3 3 <0. 05"

a: P<0. 05, compared with the blank control group; b: P<0. 05, compared with the low-temperature control group; ¢: P<0. 05,
compared with the 5. 0 MPa impact control group

DAO I-FABP

Blank control group Low-temperature control group . E'S’,‘WKF?;’ ',':‘T:gla%{%'é’?‘tm] roup Low-temperature control group
5.0 MPa impact control group

25 ) Low—temperature +4. 0 Pa impact group
5 Low-temperature + 4.0 MPa impact group Low-temperature + 4.5 MPa impact group
mw Low-temperature + 4.5 MPa impact group 20+ = Low—temperature 155wp impact group

mmm Low-temperature + 5.0 MPa impact group

201 abgde abcde abcde ab ababab 2
ab ab ab 41, 2P a:b abah 15
154 I g :
a
| S 104
10
5 5
0 T T T 0
3 8 24

Detection time/h A Detection tlme/ h

ab abap ab

a: P<0.05, in comparison with the blank control group; b: P<0.05, in comparison with the low-temperature control group ;

Concentration /(ng/mL)
Concentration /(ng/mL)

¢: P<0.05, in comparison with the 5. 0 MPa impact control group; d: P<0. 05, in comparison with the low-temperature+4. 0 MPa

impact group; e: P<0. 05, in comparison with the low-temperature+4. 5 MPa impact group.

B4 MiEFHERNSHAKR3I 87124 hf1iEDAO(A) R I-FABP(B)REZE (n=10)
Figure 4 Serological detection showing the changes in serum DAO(A) and I-FABP(B) concentrations in each

group of rats at 3, 8 and 24 h after injury (n=10)

TNF-a IL-6

Blank control group Low-temperature control group 150 Blank control group Low-temperature control group

5.0 MPa impact control group 1 5.0 MPa impact control group

800+ IEow-:empera:ure * ig msa ',mpa‘;' group Low-temperature + 4.0 MPa impact group
shllieitele bl 2 Mpag group @ Low-temperature + 4.5 MPa impact grou
w Lovemperstce S0P m;pad grou:b ab aszde E s Low- temgerature 45 0 MPa |m§ac’r groug
I 600 abcde ab abab ¥ S -
£ abed | 2 100 abab ab ab
2 aa s
‘é’ aT S
S g
% 400 §
=
o S 504
]
O 200
\
0 . 0
3
Detection time/h A Detection time/ h B

a: P<0.05, in comparison with the blank control group; b: P<0.05, in comparison with the low-temperature control group ;
¢: P<0.05, in comparison with the 5. 0 MPa impact control group; d: P<0. 05, in comparison with the low-temperature+4. 0 MPa
impact group; e: P<0.05, in comparison with the low-temperature+4. 5 MPa impact group.
E5 MmiEFHEENEHKR 385024 hfliE TNF-a(A) 5 IL-6(B) iR EZE(n=10)
Figure 5 Serological detection showing the changes in serum TNF-a(A) and IL-6(B) concentrations in each group of rats
at 3, 8 and 24 h after injury (n=10)
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