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Abstract: Objective: To observe the efficacy of limited fluid resuscitation on the early lung injury of hemorrhagic
shock rats. Methods: Seventy SPF mature Sprague-Dawley (SD) rats were randomly divided into the sham group
(n=10), model group (n=20), regular fluid resuscitation group (n=20) and limited fluid resuscitation group (n=20).
In two fluid resuscitation groups, fluid resuscitation was carried out using the Ringer lactate solution in combination
with the bleeding amount of rat (1:1). For rats in the regular fluid resuscitation group and limited fluid resuscitation
group, the arterial pressure was sustained between 80 and 85 mmHg and between 50 and 55 mmHg, respectively.
Results: Statistical significance was identified in the differences of the wet/dry weight ratio of the lung as well as the
scores of pathological injuries of rat lungs among four groups (p<0.05) at two hours following fluid resuscitation.
In the meantime, comparisons of the levels of TNF-a and IL-10 in lung tissues of rat among four groups showed
statistically significant differences (p<0.05). Likewise, SOD and MDA levels in four groups also showed statistically
significant differences at 2 hours after fluid resuscitation (p<0.05). Two hours following the fluid resuscitation, Bax
and Bcl-2 levels of four groups also showed statistically significant differences (p<0.05). Two hours after fluid re-
suscitation, the survival rates of the rats in four groups were 100% in the control group, 15.0% in the model group,
75.0% in the regular fluid resuscitation group and 90.0% in the limited fluid resuscitation group (p<0.05). Conclu-
sion: In comparison with the regular fluid resuscitation, limited fluid resuscitation can improve the survival of rats
through ameliorating the hemorrhagic shock, inflammatory responses and oxidative stress of lung tissues, and
mitigating the apoptosis of lung cells.
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Introduction

Hemorrhagic shock is refers to the excessive
fluid loss caused by trauma-induced blood loss,
vomiting or diarrhea, resulting in a rapid, mas-
sive reduction of blood volume, and particular-
ly, the early-stage hypotension, or organ failure
in case of delayed treatment, which are also
considered as the major cause for the death of
patients [1-3]. With the development of society
and economy as well as the progress in traffic
and heavy industry, the incidence rate of trau-
ma keeps increasing with an augmentation in
the incidence of hemorrhagic shock caused by
trauma. Besides, hemorrhagic shock is also
one of the hot topics in the clinical treatment
and research [4, B].

To restore the blood pressure and the blood vol-
ume has been considered as the major goal in
treatment of the hemorrhagic shock patients,
while fluid resuscitation is one of the methods
to reach this goal. However, in light of the com-
plicated pathophysiological mechanism of
hemorrhagic shock, controversy remains in
choice of the proper fluid resuscitation method
for hemorrhagic shock [6, 7]. Currently, in clini-
cal practice, rapid administration of fluid to
restore the blood pressure has been frequently
adopted, but the recent clinical or animal stud-
ies showed that regular fluid resuscitation
results in the acidosis, destructing the hemo-
stasis and leading to the coagulation disorders,
or even aggravating the bleeding, reducing the
success rate of resuscitation, and in some
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cases, it may cause death [8, 9]. Limited fluid
resuscitation, a novel method for treatment of
hemorrhagic shock, can sustain the blood pres-
sure at a relatively low level through limited
infusion of fluid to guarantee the blood perfu-
sion of organs, mitigate the load and increase
the success rate of resuscitation. Lung injury is
a very severe complication among the hemor-
rhagic shock patients, and usually gives to the
respiratory dysfunction, e.g. respiratory dis-
tress syndrome, or even death [2, 10]. In recent
years, limited fluid resuscitation has been
scarcely reported in the studies involving the
lung injury of patients with hemorrhagic shock.

In this study, we aimed to investigate how lim-
ited fluid resuscitation affects the lung injury of
rat by establishing the hemorrhagic shock mod-
els in rats.

Materials and methods
Subjects

A total of 70 specific pathogen free (SPF)
mature Sprague Dawley (SD) rats were random-
ized into four groups, i.e. the sham group
(n=10), model group (n=20), regular fluid resus-
citation group (n=20) and limited fluid resusci-
tation group (n=20). All rats were provided by
the Experiment Animal Center of Guangzhou
University of Chinese Medicine [SCXK (Yue)
2013-0034]. Rats were raised at a humidified
chamber (45-55%) and 18-25°C at a 12/12
light/dark cycle, and the noise strength was
controlled within 60 db. Ventilation was per-
formed at frequency of 15 time/hour, and the
cage was cleaned twice per week. Rats were
fed with the complete food and sterilized
acidized water at pH 2.5 to 3. Following one
week of adaptive feeding, model establishment
and treatment were performed.

Model establishment and treatment

Eight hours prior to the surgery, sterilization
was performed at the abdomen of rats, fol-
lowed by intraperitoneal injection of 10% chlo-
ral hydrate (300 ug/g, Shanghai Shifeng Bio-
logical Technology Co., Ltd.). Neck hair was
removed and the skin and fascia were exposed
sequentially, and the carotid artery was isolat-
ed bluntly. Unilateral intubation with the 22#
anticoagulant arterio-venous catheter (Shang-
hai Zhangdong Medical Science And Technology
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Co., Ltd.), during which the blood pressure was
monitored by connecting the BIOPAC multil-
eads (16-lead) physiology recorder (Upwards
Teksystems Co., Ltd.) with the catheter through
T-branch pipe. Rats in the sham group received
no treatment, while for those in the remaining
three groups, the catheter was opened at 10
min after intubation to drainage the blood
which was later preserved for infusion, during
which the arterial pressures of rats in the model
group were maintained within 40 and 45
mmHg, and those in the regular and limited
fluid resuscitation groups administrated the
Ringer lactate solution (Darfun Biological Test
Center) referring to the bleeding amount of rat
(1:1) for fluid resuscitation. For regular fluid
resuscitation, the arterial pressure of rats was
sustained within 80 and 85 mmHg, and for lim-
ited fluid resuscitation, the pressure was sus-
tained within 50 and 55 mmHg.

Observation indexes

Rats survived from the surgeries were sacri-
ficed two hours following treatment, and those
who died within 2 hours were prepared for tis-
sue collection. For all rats, wet/dry ratio of lung
tissues was determined, and the evaluation of
the lung injury was carried out by pathological
score. In addition, we also measured the levels
of inflammatory cytokines [tumor necrosis fac-
tor o (TNF-ax) and interleukin-10 (IL-10)], oxida-
tive stress-related indexes [malondialdehyde
(MDA) and superoxide dismutase (SOD)], and
apoptosis-related indexes (Bax and Bcl-2), as
well as the 2-hour survival rate of rats.

Detection methods

Wet/dry ratio of lung tissues: The wet weight
and dry weight were measured using the elec-
tronic analytic scale (Shanghai Meiyu Equip-
ment Co., Ltd.) with lung tissue that had been
dried at 80°C for 12 hours. Wet/dry ratio = Wet

weight (g)/dry weight (g).

Scoring of the pathological injury: For the integ-
rity and edema of pulmonary alveoli, infiltration
of inflammatory cells and interstitial edema,
the score was given within O to 4 points (O for
normal).

Detection of inflammatory cytokines and apop-
tosis-related indexes: TNF-a, IL-10, Bax and
Bcl-2 were evaluated by ELISA kit. In this experi-
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Table 1. General data of rats

Sham group  Model group Reg.”'af liquid Limiteq fluid X3/t p-value
resuscitation group  resuscitation group

Number 10 20 20 20
Sex [n,(%)] 0.975 0.807

Male 5 (50.0) 11 (55.0) 12 (60.0) 9 (45.0)

Female 5 (50.0) 9 (45.0) 8 (40.0) 11 (55.0)
Age (day) 59.32+3.25 60.44+3.41 58.96+3.18 61.39+3.29 2.084 0.111
Weight (g) 254.25+11.66 261.73+12.54 258.67+11.83 262.41+12.49 1.212 0.312
Total blood volume (mL) 16.72+1.02 16.58+1.03 16.49+1.01 16.61+1.02 0.120 0.948
Blood loss volume (mL) 9.09+0.58 9.11+0.57 9.05+0.56 0.057 0.944
Before the bleeding MAP (mmHg) 113.3316.41 115.72+6.93 119.41+6.82 116.59+6.77 2.028 0.119
Recovery after 2 h MAP (mmHg) 108.27+6.83 74.34+8.69"° 83.94+11.83"*% 96.33+12.96"#&¢ 16.272 <0.001

Note: "p<0.001 vs. control group; *p<0.001 vs. model group; ¥p<0.001 vs. regular fluid resuscitation group; *p<0.001 vs. the level before bleed-

ing.

ment, three replicate wells were set for each
sample, and this experiment was conducted in
triplicate. ELISA kits for TNF-a, IL-10, Bax and
Bcl-2 were provided by Shanghai Jingkang
Biological Engineering Co., Ltd.

Measurement of the oxidative stress-related
indexes, including SOD and MDA, was carried
out using the colorimetric method in strict
accordance with the instructions of kit. The
SOD level was reflected by the absorbance at
wavelength of 469 nm, and MDA at 535 nm.
Measurement was performed within 3 min, and
each sample was measured in triplicate. SOD
kit and MDA kit were purchased from Promocell
Biological Technology Co., Ltd.

Statistical analysis

SPSS 19.0 software (Asia Analytics Formerly
SPSS China) was utilized to perform statistical
analysis. Enumeration data were presented as
ratio, and compared with chi-square test, while
measurement data were presented as mean +
standard deviation. Analysis of variance was
adopted for intergroup comparisons, while LSD
test for pairwise comparison. Survival curve
was prepared using Kaplan-Meier method, and
the differences among the curves of four
groups were tested by Log Rank. P<0.05 sug-
gested that the difference had statistical
significance.

Results
Model establishment

Seventy SD rats were randomized into 4 groups,
and the comparisons over the age (P=0.807)
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and weight (P=0.312) among four groups
showed no differences with statistical signifi-
cance. Also, the total blood volume (P=0.948),
bleeding amount (P=0.944) and mean arterial
pressure before bleeding (P=0.119) were com-
pared, and no statistically significant difference
was identified. Two hours after fluid resuscita-
tion, we found that differences in MAP among
four groups showed statistical significance
(p<0.001), in which the MAP levels in the model
group, regular fluid resuscitation group and the
limited fluid resuscitation group were all lower
than that in the control group (p<0.001). Rats
in two resuscitation groups had a higher MAP
level than those in the model group (p<0.001),
and the limited resuscitation group was higher
than that in the regular group (p=0.003); MAP
levels in these three groups at 2 hours after
resuscitation were also lower than those before
bleeding (p<0.001; Table 1).

Wet/dry weight ratio of lung tissues

Two hours following the fluid resuscitation, sta-
tistical significance was identified in the differ-
ences of the wet/dry weight ratio of the lung
among four groups (p<0.001), and the ratios in
the model group, regular fluid resuscitation
group and limited fluid resuscitation group were
all higher than those in the control group
(p<0.001). Ratio in the model group was the
highest, followed by regular and limited fluid
resuscitation groups, sequentially (p<0.001;
Figure 1).

Pathological score of the lung injuries

Two hours after fluid resuscitation, differences
with statistical significance were found in com-
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Figure 1. Analysis of the wet/dry weight ratio of lung
tissues. “p<0.001 vs. sham group; #*p<0.001 vs.
model group; 4p<0.05 vs. regular fluid resuscitation
group.

Lung tissue pathological injury score

Figure 2. Analysis of the pathological score of lung
injury. "p<0.05 vs. sham group; #p<0.001 vs. model
group; ¥p<0.001 vs. regular fluid resuscitation group.

parisons of the scores of pathological injuries
of rat lungs at two hours following fluid resusci-
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Figure 3. The inflammatory process of leukocyte infil-
tration and alveolar space, edema, alveolar deforma-
tion and alveolar wall thickening.

Figure 4. The degree of injury was improved, the in-
filtration of inflammatory cells in the interstitial lung
and alveolar was reduced, and the interstitial edema
and alveolar hemorrhage were reduced.

tation (p<0.001). The score of pathological
injury of rat lungs in the model group, regular
fluid resuscitation group and the limited fluid
resuscitation group were all higher than that in
the control group (p<0.001), and the highest
score was found in the model group, followed
by limited fluid resuscitation group and regular
fluid resuscitation group (p<0.001; Figures
2-4).

Measurement of inflammatory cytokines

Following 2 hours of fluid resuscitation, com-
parisons of the levels of TNF-a and IL-10 in lung
tissues of rat among four groups showed statis-
tically significant differences (p<0.001), among
which the levels in the model group were the
highest, sequentially followed by model group,
limited fluid resuscitation group, regular fluid
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Figure 5. A: TNF-a level in lung tissues determined by ELISA kit. B: IL-10 level
in lung tissues determined by ELISA kit. "p<0.05 vs. sham group; #p<0.001

Measurement of the apopto-
sis-related indexes

vs. model group; p<0.001 vs. regular fluid resuscitation group.

Two hours following the fluid
resuscitation, Bax and Bcl-2

i % levels of four groups also
g 1501 5, 80 showed statistically significant
H 5 ol ” differences (p<0.001): The
2 100 H levels of Bcl-2 in the model
? s §4o- ks group, regular fluid resuscita-
E 50 ) “# Ezo- tion group and the Iimitgd
E 7_7 % rggusmtatmn group were S|g-
5 ol : : g o__- nificantly lower than that in
& éo\“’ ¢°"Q & ] ¢°"Q & R ¢°°Q the_ control group (p<O.QQl),

& & & & & while Bax showed the definite-

& & 9&‘# & & ‘,&"’\ ly different trend (p<0.001); in
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\@8" .@6" & resuscitation group, the Bcl-2

& & <~ levels in the rats were signifi-

Figure 6. A: SOD level in lung tissues. B: MDA level in lung tissues. "p<0.001
vs. sham group; #p<0.001 vs. model group; 4p<0.001 vs. regular fluid resus-

citation group.

resuscitation group and the control group
(p<0.001; Figure 5).

Measurement of the oxidative stress-related
indexes

Likewise, SOD and MDA levels in four groups
also showed statistically significant differences
at 2 hours after fluid resuscitation (p<0.001),
and the levels of SOD in the rat lungs of model
group, regular fluid resuscitation group and the
limited fluid resuscitation group were all lower
than that in the control group, but, conversely,
MDA level in the control group was the lowest
(p<0.001). In the regular and limited fluid
resuscitation groups, SOD levels in the rat
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cantly higher than those in the
model group (p<0.001); while
the Bax was lower (p<0.001);
in the limited fluid resuscita-
tion group, the Bcl-2 level of
rat was higher than that in the regular fluid
resuscitation group (p<0.001) with a lower
level of Bax (p<0.001; Figure 7).

Two-hour survival rate of rats in four groups

Two hours after fluid resuscitation, the survival
rates of the rats in four groups were 100% in
the control group (10/10), 15.0% in the model
group (3/20), 75.0% in the regular fluid resusci-
tation group (15/20) and 90.0% in the limited
fluid resuscitation group (18/20) (p<0.001).
Comparisons of the survival rates of rats among
model group, regular fluid resuscitation group
and limited fluid resuscitation group show-
ed differences with statistical significance

Int J Clin Exp Med 2019;12(1):230-238
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Figure 7. A: Bax level in lung tissues determined by ELISA kit. B: Bcl-2 level
in lung tissues determined by ELISA kit. “p<0.001 vs. sham group; #p<0.001
vs. model group; p<0.001 vs. regular fluid resuscitation group.
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Figure 8. Analysis of the 2-hour survival rate of rats in four groups. Compari-
sons of the survival rates of rats among model group, regular fluid resusci-
tation group and limited fluid resuscitation group showed differences with
statistical significance (p<0.001): The survival rates of rats in two resuscita-
tion groups were higher than that in the model group (p<0.001), while the
survival rate of the limited fluid resuscitation group was higher than that in

13]. In this study, we evaluat-
ed the effect of different fluid
resuscitation methods on the
hemorrhagic shock and lung
injuries.

In this study, rats in the model
groups showed an acute de-
crease in MAP, damaged pul-
monary alveoli and increased
pathological score, indicating
the lung injuries, which are
consistent with the previous
reports involving the hemor-
rhagic shock animals [14].
Next, we determined the lev-
els of Bax and Bcl-2, proteins
that reflect the apoptosis [15].
In the model group, rats had
an elevated Bax in compari-
son with those in the control
group, with a decreased Bcl-2,
indicating that the apoptosis
in hemorrhagic shock rats was
enhanced; after fluid resusci-
tation, phenomenon above
was reversed, implicating that
cell apoptosis in lung tissues
was somehow ameliorated
with increased pathological
score. This suggested the am-
elioration in cell apoptosis in
lung tissues, together with
increased pathological score
and integrity of pulmonary
alveoli.

the regular fluid resuscitation group (p<0.001).

(p<0.001): The survival rates of rats in two
resuscitation groups were higher than that in
the model group (p<0.001), while the survival
rate of the limited fluid resuscitation group was
higher than that in the regular fluid resuscita-
tion group (p<0.001; Figure 8).

Discussion

In hemorrhagic shock, massive bleeding can
rapid decrease the effective circulating blood
volume, resulting in insufficient blood supply to
the key organs, and cell apoptosis. Lung tis-
sues has been considered as the major organs
mostly affected by the hemorrhagic shock [11-
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The wet/dry weight ratio of

lung tissue reflects the water
content of lung tissues [16]. Our results showed
that the wet/dry weight ratio of lung tissue in
the model group was significantly higher than
that in the control group, indicating the imbal-
ance of edema elimination in lung tissues of
hemorrhagic shock rats, with the symptoms of
tissue edema and increased pathological
scores, which indicated the alveoli edema and
intestinal edema. So maintenance of the liquid
generation and elimination in lung tissues is
crucial for the treatment of the lung injury in
hemorrhagic shock [17]. Following the fluid
resuscitation for hemorrhagic shock rats, we
found an evident decrease in wet/dry weight
ratio of lung tissues, especially in those that

Int J Clin Exp Med 2019;12(1):230-238
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received the limited fluid resuscitation, showing
that limited fluid resuscitation works better in
improving the balance between the generation
and elimination of liquid in lung tissues to
reduce the edema. Apart from those above,
inflammation and oxidative stress response are
also the major factors contributing to the lung
injuries to hemorrhagic shock rats [18, 19]. We
selected two indicators in close association
with the inflammation and two indexes that pre-
cisely reflect the oxidative stress response.
Previous studies showed inflammation can
induce an acute increase of TNF-a and IL-10
[20, 21]. SOD can catalyze the disproportionat-
ed reaction of oxide radicals to antagonize the
oxidative stress injuries [22]. MDA can induce
the cross bonding among proteins, thereby
aggravating the cell injuries [22]. In our study,
hemorrhagic shock evidently caused the
increases of TNF-a and IL-10 in lung tissues,
and, with the decreased SOD and increased
MDA, the oxidative stress response was exac-
erbated, which is consist with the previous
report [23-25]. HE staining of the lung tissues
also indicated an increased score of pathologi-
cal score of lung and aggravated inflammatory
cells. Following the fluid resuscitation, amelio-
rations in varying degrees were seen in levels
of TNF-q, IL-10, SOD and MDA, suggesting that
inflammatory response, oxidative stress res-
ponse and the infiltration of inflammatory cells
are also improved. Likewise, rats that received
the limited fluid resuscitation gained better effi-
cacy. Survival analysis also showed that a sig-
nificant elevation of 2-hour survival rate was
identified in rats that received the fluid resusci-
tation, and limited fluid resuscitation manifest-
ed a better efficiency in improving the survival
rate of rats, suggesting that in comparison with
the regular fluid resuscitation, limited fluid
resuscitation can also improve the survival rate
of hemorrhagic shock rats in a more efficient
way, consistent with the previous reports [26].
Previous results suggested that due to the
small volume of fluid, limited fluid resuscitation
can hardly dilute the platelet with little effect on
coagulation function, let alone the aggravation
of bleeding event; meanwhile, small dosage
cannot trigger a sudden increase of blood pres-
sure, while maintain the blood perfusion of key
organs and reduce the ischemia reperfusion
injury [24, 27], which are the potential factors
contributing to the positive results of the limit-
ed fluid resuscitation in this study. However,
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some inevitable flaws in this study also exist.
Generally, crystalloid solution and colloidal
solution are often selected in fluid resuscita-
tion, but we, in this study, only adopted the
Ringer lactate solution, a kind of crystalloid
solution, while the efficacy of other solutions
remains unknown. Besides, we only evaluated
the 2-hour efficacy of resuscitation, while the
long-term efficacy requires further studies. We
hope that our results can raise the interest of
other scholars on the efficacy of limited fluid
resuscitation on the hemorrhagic shock and its
protective effect on lung tissues.

In conclusion, in comparison with the regular
fluid resuscitation, limited fluid resuscitation
can improve the survival of rats through amelio-
rating the hemorrhagic shock, inflammatory
responses and oxidative stress of lung tissues,
and mitigating the apoptosis of lung cells.
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