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ARTICLE INFO ABSTRACT

Background: This study aimed to investigate the preventive and therapeutic effects of ulinastatin on the recovery
of vascular permeability and hemodynamics in shock-affected organs during early burn injury.

Methods: Twelve beagle dogs with 35% TBSA full-thickness burn were randomized to control group (CG, n = 6)
and ulinastatin group (UG, n = 6).Hemodynamic parameters were determined by PICCO before burn and at
0.5h,1h,2h,4h,6h, 8h post-burn. Plasma volume (PV) were deduced through indocyanine green (ICG)
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gfl}r"r”l/ ords: method. Blood samples were drawn to determine hematocrit (HCT) at each time. Intestinal mucosal blood
Ulinastatin flow (IMBF) was determined by laser Doppler flowmetry. Evans blue (EB) method was taken to measure the

vasopermeability of heart, liver, spleen, kidney and small intestine. Pathological tests were also performed.
Results: Compared with CG,UG had better hemodynamic parameters (improved mean arterial pressure and car-
diac output) (P< 0.05). HCT rose in both groups, while in UG the rising extent was less than that in CG (P < 0.05).
PV and IMBEF in both groups declined, but in UG the extent were less (P < 0.05). Both EB content of liver, spleen,
kidney and small intestine in UG were much lower than that in CG at 8 h post-burn (P < 0.05). Pathological
changes showed that severe injury was significantly ameliorated in UG.

Conclusions: Ulinastatin helped to moderate the quick loss of circulatory volume and improved hemodynamic in-
dices in beagle dogs who had suffered 35% third degree burn injuries. It may serve as a therapeutic agent for re-

Hypovolemic shock
Vasopermeability
Organ function

ducing vascular permeability, thereby preventing fluid loss following major burn injury.

© 2018 Published by Elsevier Inc.

1. Introduction

Despite recent advances, severe burn injuries continue to induce im-
munosuppression and cause sepsis, multiple organ failure (MOF),
which are the leading causes of mortality and morbidity in the affected
patients. Burn is a posttraumatic inflammatory disease associated with
both local and distant effects, leading to tissue damage and causing in-
fection and intense inflammation. Tissue responses to burn include sig-
nificant fluid shifts; release of vasoconstrictor mediators, such as altered
baroreceptors and vasopressin; reabsorption of fluids; stimulation of
chemoreceptor reflexes; progressive decline in cardiac stroke volume
and cardiac output, and increased tissue perfusion. These changes can
cause acute respiratory failure (ARDS) and multiple organ dysfunction
syndrome in patients. Post-injury, vascular permeability rapidly

Abbreviations: MAP, mean arterial blood pressure; ITBI, intrathoracic blood volume
index; SVI, stroke volume index; PV, plasma volume; HCT, hematocrit; IMBF, Intestinal
Mucosal Blood Flow; VP, microvascular permeability; BV, blood volume.
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increases, evoking gradual organic acid exudation, which peaks after
8 h [1-4]. Therefore, maximum fluid volume input is often required dur-
ing this time. However, achieving this can be difficult in case of multiple
injuries, natural disasters, inability to perform fluid resuscitation, or
delay in transporting the patient from remote areas. These factors can
often delay fluid resuscitation. According to statistical data, a delay in
the resuscitation time can prolong the time taken for recovery. There-
fore, it is very important to find an effective way to delay or inhibit
the increase in vascular permeability post-burn, particularly when
treating mass casualties.

Ulinastatin is a serine protease inhibitor [5,6], mainly used to treat
shock, pancreatitis, sepsis, ischemia reperfusion injury, and acute circu-
latory failure due to severe infection [7]. Ulinastatin primarily inhibits
proteases, including trypsin, neutrophil elastase, and cathepsin G [8].
It also attenuates the actions of pro-inflammatory molecules, such as
prostaglandin H2 and thromboxane-2 [9] and production of inflamma-
tory mediators, such as IL-6, IL-8, and TNF-« in vitro [10]. In addition,
ulinastatin has been successfully used successfully for the treatment of
several inflammatory models, including ischemia reperfusion injury
and septic shock in vivo [11]. Therefore, the present study aimed to in-
vestigate the preventive and therapeutic effects of ulinastatin on the
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recovery of vascular permeability and hemodynamics in shock-affected
organs in early burn injury and the possible mechanisms underlying its
mode of action.

2. Materials and methods
2.1. Animals

All experimental protocols were approved by the School of Medicine
Animal Care and Use Committee. Twelve male and female adult beagle
dogs weighing 11.77 £ 0.85 kg were fasted for 8 h before burn injury
but allowed free access to water. Prior to the experiment, the beagles
were adaptively fed two meals per day for one week in the First Hospital
animal house, affiliated First Affiliated Hospital of Nantong University.
All dogs survived the experiment, and no vomiting occurred. After ex-
periments, the beagles were euthanized by infusing a lethal dose of po-
tassium chloride.

2.2. Burn model

All beagles were randomly divided into intravenous saline (100 ml)
resuscitation group (control group, CG; n = 6) and intravenous saline
and ulinastatin (10,000 U/kg) resuscitation group (ulinastatin group,
UG; n = 6). Then, they were anesthetized with Su mianxin II
(0.1 ml/kg) and ketamine (8 mg/kg, IM). Under aseptic conditions, a
PICCO arterial catheter (Pulsion, Germany) was placed in the right ex-
ternal carotid artery and an indwelling double-lumen catheter (Pulsion)
in the right external jugular vein. Next, a midline abdominal incision
was made and gastric and intestinal catheters were introduced into
the gastric fundus and jejunum, respectively, 15 cm below the ligament
of Treitz. The catheters were secured in place using a double purse-
string suture.

Two days later, all animals were subjected to a 35% total body sur-
face area (TBSA), full-thickness burn injury in the abdominal region
using ignited napalm according to the technique described by Quan
Hu [12]. Before injury, the dogs were administered intravenous anes-
thesia (propofol, 4 mg/kg, IV); post 15 min, the total amount of fluid
and speed of infusion in CG and UG were monitored. The fluid rate
was adjusted according to the blood pressure and fluid resuscitation
was limited to a maximum of 9 ml/h/kg. All beagles were intubated
using a cuffed 4.0-mm endotracheal tube and maintained in a surgical
plane for mechanical ventilation (Drdger Primus; Drdger Co, Liibeck,
Germany) at a tidal volume of 6 ml/kg and a respiratory rate at 20 per
minute with room air to maintain an endtidal carbon dioxide concentra-
tion of 35-40 mm Hg.

2.3. Examinations

Before burn injury, the animals were fasted for 8 h. All dependent
variables (described below) were measured at baseline, and at 0.5, 1, 2,
4,6, and 8 h post-burn.

Table 1
Changes of hemodynamics in two groups of burn-injured dogs (n = 6).

Indicators were as follows:

Hemodynamic parameters: Mean arterial blood pressure (MAP), in-
trathoracic blood volume index (ITBI), and stroke volume index (SVI)
were assessed with PICCO (Pulsion) using thermal dilution method.

Plasma volume (PV): PV was measured using indocyanine green
(ICG, Dandong Yinchuang Pharmaceutical Co. Ltd., China), which was
rapidly injected before burn and at 0.5, 1, 2, 4, 6, and 8 h post-burn. Ar-
terial blood samples (5 ml) were collected at every 60 s post-injection,
until three samples were collected. All samples were centrifuged for
10 min, the dye content in the supernatant was determined using spec-
trophotometry at 820 nm, and the average was then recorded. Blood
volume (BV) at each time point was calculated from the standard
curve plot.

Hematocrit (HCT): HCT was measured from the venous blood of all
animals collected before burn and at 0.5, 1, 2, 4, 6, and 8 h post-burn.

Intestinal mucosal blood flow (IMBF): The contact fiber optic probe
of a laser Doppler flowmeter (PeriFulex System 5000, Sweden) was
inserted into the intestine through the intestinal catheter (10 cm
below the ligament of Treitz). Analyses were performed using PSW
2.0 software (PERIMED).

Microvascular permeability (VP) assay: Evans blue dye (EB;
20 mg/kg in 100 ml PBS; Sigma, USA) was injected into the double-
lumen catheter at 8 h post-burn. Blood was collected at 30 min post
dye-injection. Then, the beagles were perfused with normal saline via
the left ventricle to wash out any residual blood or dye from the blood
vessel. The liver, lung, and small intestine tissues were collected.
These were homogenized and 0.2 g of each tissue was diluted in 2 ml
formamide for 24 h at 50 °C. After centrifugation, the supernatant was
collected and its absorbance was read at 620 nm. The concentrations
of the dye in various samples were calculated according to the standard
curve.

HE staining: Liver, lung, and jejunum tissues were collected at each
of the aforementioned study time points, fixed in 10% formalin, and
paraffin-embedded sections were stained by HE. The pathological
changes were observed under a microscope.

2.4. Statistical analysis

SPSS 13.0 statistical software was used for all analyses, and the data
were expressed as mean + SD. Differences between the groups were
discerned using two-factor analysis of variance and the Student-
Newman-Keuls tests. Differences were considered to be statistically sig-
nificant when P < 0.05.

3. Results
3.1. Hemodynamic parameters
Table 1 shows the changes in MAP, SVI, and ITBL. In both groups, MAP

increased post-burn and gradually decreased after 1 h. At 6 h post-burn,
MAP was significantly higher in UG than that in CG (P < 0.05).

Group Index Baseline After burn (h)
0.5 1 2 4 6 8

CG MAP 118 + 28 137 £ 12 127 £ 32 129 + 23 115+ 29 95+ 15 88+9
SVI 335+ 69 33.0+ 1.7 28.5 + 3.4 23.0 +38 135+ 2.6 135+ 1.5 16.7 + 2.8
ITBI 403 + 18 369 + 38 313 + 61 286 + 68 262 + 62 240 + 55 241 + 31

UG MAP 114 + 16 126 + 23 124 + 21 119 + 21 111+ 16 113 + 127 110 + 14"
SVI 345 + 63 355 + 6.2 310 £ 7.0 30.0 +£ 53" 26.6 + 54" 23.6 +3.9" 214 + 40"
ITBI 408 + 42 392 + 39 356 + 24" 371 + 42" 342 + 54" 338 + 51" 295 + 24"

At 6 h post-burn, MAP was significantly higher in UG than that in CG. At 2 h post-burn, SVI was significantly higher in UG than in CG. At 2 h post-burn, ITBI began to rise in UG and at the end

of the experiment, ITBI of UG was markedly higher than that of CG.
* Compared with the CG, P < 0.05.
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Table 2
PV (ml) in two groups of burn-injured dogs (n = 6).
Group Baseline After burn (h)
0.5 1 2 4 6 8
CG 606 + 17 578 4+ 20 559 + 25 475 + 30 433 +£18 394 + 12 362 + 37
UG 602 + 28 586 + 25 566 + 23 556 + 32" 518 4 26" 511 4 25" 492 + 29"

PV immediately decreased post-burn in CG, whereas it gradually decreased in UG. PV was larger in UG than in CG at 2 h post-injury.

* Compared with the CG, P < 0.05.

Post-injury, SVI showed a downward trend in CG, whereas it in-
creased and then gradually decreased after 0.5 h in UG. At 2 h post-
burn, SVI was significantly higher in UG than in CG (P < 0.05).

ITBI rapidly lowered in both groups post-injury. At 2 h post-burn, it
began to rise in UG and at the end of the experiment, ITBI of UG was
markedly higher than that of CG (P < 0.05).

32.PV

Table 2 shows changes in PV post-burn, determined by ICG measure-
ment. Because of capillary leakage, PV immediately decreased post-
burn in CG, whereas it gradually decreased in UG. At the end of the ex-
periment, PV did not return to pre-injury levels in both the groups;
however, PV was larger in UG than in CG at 2 h post-injury (P < 0.05).

3.3.HCT

Table 3 shows HCT changes in both the groups. After administration
of ulinastatin, HCT in both the groups increased, but its decline was
slower in UG than in CG. A significant difference was observed in HCT
levels at 4 h post-injury (P < 0.05).

3.4. IMBF

Table 4 shows changes in IMBF in both the groups. IMBF significantly
decreased post-burn in both the groups; however, this decrease was
slower in UG than in CG, with significant difference at 1 h post-injury
(P<0.05).

35.vP

The level of EB dye intake was lower in UG than in CG (Fig. 1). There
were no marked differences in the heart EB intake between the groups.
However, the dye intake levels of liver, spleen, kidney, and small intes-
tine were significantly lower in UG than in CG (P < 0.05).

3.6. HE staining

Microscopic examination of HE-stained tissues obtained from the
liver, lung, and jejunum revealed typical pathological characteristics,
such as degeneration and partial focal degeneration of the myocardium;
hepatocytic swelling; central vein and hepatic sinusoid hyperaemia,
focal atrophy and interstitial edema in the lungs, variable epithelial
cell sloughing, and edema the in jejunum. However, UG demonstrated
no obvious edema but congestion and inflammatory cell infiltration in
various organs and partial villus epithelial exfoliation (Fig. 2).

Table 3
HCT (%) in two groups of burn-injured dogs (n = 6).

4. Discussion

The most important treatment for post-burn shock is effective and
fast replenishment of fluid to maintain circulating BV and improve oxy-
gen delivery to tissues [13].

However, during war and disaster, it is sometimes difficult to pro-
vide venous fluid replacement therapy because of reasons, such as
lack of fluids for intravenous use [14] lack of experienced healthcare
workers to administer treatment, and austere environment. Therefore,
effective anti-inflammatory therapy such as using ulinastatin may be
necessary during the early stages of shock [15].

The acute exudative phase, 48 h following injury, is the principle
shock stage. Peak period effusion occurs during this stage, and the
greater burn area contributes to the earlier exudative peak [16]. There-
fore, infusion is particularly important within 8 h after a large TBSA
burn, and more than half of the maximum relative volume of fluid is re-
quired during the initial 24 h. According to statistical data, the later the
fluid resuscitation starts, the longer it takes to treat shock. Late fluid re-
suscitation is also associated with higher incidence and mortality by se-
vere infection and higher rate of MOF [17].

Increased vascular permeability, immediately following burn, causes
large volumes of liquid to leak from tissues. Therefore, from a theoretical
perspective, methods that attenuate vascular permeability following
burn injury may ease plasma extravasation, reduce BV loss, and poten-
tially delay shock. This would extend the time window for fluid infusion
therapy after transporting the wounded patient.

Most of the ulinastatin-related studies in the field of burn injury
focus on its later protective effect on organ functions 8 h after the
burn occurs. Theoretically speaking, burn-induced exudation remains
most active within 8 h after the burn when a large number of inflamma-
tory factors have already been released. The outstanding anti-
inflammatory effect of ulinastatin is favorable for improving the vascu-
lar permeability during the peak period of exudation, but no supporting
evidence has been provided yet.

4.1. Effect of ulinastatin on hemodynamics of dogs within 8 h after burn
injury

When burning area exceeds over 25%, the circulating blood volume
will be reduced due to the massive liquid loss, which is likely to result
in hypovolemic shock. Plasma leakage remains most significant within
8 h after the burning; and in this period, liquid loss is also the fastest
[18]. That's why this period is marked by highest fluctuation in hemody-
namics and significantly affected hemoperfusion all over the body. Fac-
tors affecting the change in hemodynamics include blood volume, heart
stroke, peripheral vascular resistance and myocardial contraction.

Group Baseline After burn (h)

0.5 1 2 4 6 8
CG 396 + 3.4 415+ 34 431426 436 +£29 46.6 + 2.0 48.0 + 2.6 498 + 1.1
UG 38.6 + 2.6 39.7 + 3.7 40.8 +2.8 416 +23 424+19 427 +14" 452 +1.3"

The decline of HCT was slower in UG than in CG. A significant difference was observed in HCT levels at 4 h post-injury.

* Compared with the CG, P < 0.05.
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Table 4
IMBF (U) in two groups of burn-injured dogs (n = 6).
Group Index Baseline After burn (h)
0.5 1 2 4 6 8
CG IMBF 145 + 21 147 £ 15 120+ 7 100 + 18 87 +£ 16 83+ 12 83+ 19
UG IMBF 145 + 21 148 + 27 138 + 10" 134 + 28" 122 + 23" 104 + 15° 103 + 6"

IMBF significantly decreased post-burn in both the groups; The decrease was slower in UG than in CG, with significant difference at 1 h post-injury.

* Compared with the CG group, P < 0.05.

Among the severe cases of burning, the change in blood volume is al-
ways the most dramatic and serves to induce other factors to vary. Ac-
cording to some experiment, for dogs having 30-60% of their total
body surface area burnt, the whole blood volume would drop to 60%
or so of the normal value whereas the plasma volume to 55% 2 h after
the injury [19]. The decrease in blood volume can lead to reduced
heart stroke, insufficient hemoperfusion, tissue ischemia or anoxia. If
not treated, such conditions may cause peripheral vessel contradiction
and higher resistance as well as further reduced perfusion of skin, mus-
cles and secondary organs in order to guarantee the perfusion of such
vital organs as heart and brain. With ischemia or anoxia of tissues, a
lot of acidic products and free radicals will be generated through anaer-
obic metabolism, causing further damage to the body.

The PICCO applied in the present study is a novel technology for min-
imally invasive hemodynamics monitoring. Adopting thermodilution to
measure single heart stroke and analyzing the area under the arterial
pressure waveform curve to acquire continuous heart output, the tech-
nique can also monitor single heart beat measurement and figure out in-
trathoracic blood volume. PICCO enjoys many advantages such as less
damage, more directly-seen parameters and convenience in use.

4.1.1. Early effect of ulinastatin on post-burn cardiac functions

When suffering from severe burn, the body may reveal “cardiac de-
pression” in the early stage. As is reported by studies, organic lesions can
be traced in the heart even in the early stage after burning occurs,
mainly manifested in reduced cardiac functions, lower hemodynamic
indexes, damaged myocardial cell structure, cytomembrane and
frame, impaired myocardial cell stress and pathologic change of heart.
The aforesaid manifestations mostly come out within 1-3 h after the
burning. Recent studies suggest ischemic or hypoxic injury and system-
atic uncontrolled inflammation are the major causes for myocardial
damage, and both oxygen radical and tumor necrosis factor play a role
in inhibiting cardiac functions [20,21].

According to the experimental result, the stroke volume in the con-
trol group decreased 2 h after the burn and dropped to 50% of the pre-
burn value at 8 h. By comparison, in UG, a decline was seen 4 h after
the burn, reaching 62% at 8 h. Thus, satisfactory effect on maintaining
the early heart stroke after burn has been presented by applying
ulinastatin. There are three possible reasons: 1. Ulinastatin can alleviate
the blood volume loss after the burn injury and effectively maintain the
cardiac pre-load; 2. It can significantly inhibit the release of proinflam-
matory factors that can impair cardiac muscle; 3. It can improve the
post-injury peripheral vascular resistance effectively and reduce the
cardiac post-load.

4.1.2. Effect of ulinastatin on post-burn MAP

MAP presented a significant decrease 8 h after the burn in the con-
trol group, but that in UG kept stable after the injury. The underlying
mechanism is that MAP is jointed determined by cardiac output and pe-
ripheral vascular resistance. In the control group, in spite of the decreas-
ing cardiac output, peripheral vessel contradicted in response to the
rapidly falling blood volume, causing higher peripheral vascular resis-
tance and greater pulse pressure difference (reduced systolic pressure
vs. raised diastolic pressure). That's why MAP was able to keep stable
within 8 h after the burn. Later, with further decrease in cardiac output,
peripheral vascular resistance kept being at a relatively high level and

failed to go up further. The final consequences include body decompen-
sation and significant MAP decrease, which suggest severe deficiency of
blood volume. However, in UG, as blood volume loss became slow, the
body was always in the compensatory state and no significant change
was detected in MAP, indicating ulinastatin is effective in maintaining
the blood pressure within 8 h after the burn and prolonging the com-
pensation period of shock.

4.2. Effect of ulinastatin on blood flow volume of inner intestinal mucosa of
dogs within 8 h after burn

The rapid decrease in blood volume after burn causes the body to be
under ischemia and anoxia [22].In order to ensure the blood supply for
vital organs such as heart, brain and kidneys, the body re-distributes
blood flow by adjusting the neurohumor. In such case, the intestine be-
comes the first choice of “sacrificial organ”, thus significantly lowering
the blood flow. Intestinal ischemia reperfusion injury is a common path-
ological process after burn injury. The ischemia and anoxia of intestinal
mucosa can evidently reduce ATP synthesis. The anaerobic metabolism
gives rise to numerous acidic products and free radicals that can destroy
the intactness of the intestinal mucosa's mechanical and biological bar-
riers, weaken its immune function, enhance its permeability and pro-
mote the displacement of bacteria or toxin. The ischemia reperfusion
of intestine can not only lead to local damage to the intestine but also
aggravate uncontrolled systematic inflammatory reaction, or even sep-
sis and multiple organ failure.

Through this experiment, it is proven that a significant drop was not
detected in the blood flow of dogs' intestinal mucosa 6 h until the injury
occurred in UG, which, however, was detected only 1 h after the injury
in the control group. As can be seen, ulinastatin is useful in maintaining
the blood flow of intestinal mucosa. Previous studies have also verified
that pre-processing of rabbits' pulmonary ischemia reperfusion model
with ulinastatin can help to relieve the subsequent ischemia reperfusion
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Fig. 1. There were no marked differences in the heart EB intake between the groups.
However, the dye intake levels of liver, spleen, kidney, and small intestine were
significantly lower in UG than in CG. * Compared with the CG group, P < 0.05.
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Fig. 2. Microscopic examination of HE-stained tissues obtained from the liver, lung, and jejunum revealed typical pathological characteristics, such as degeneration and partial focal
degeneration of the hepatocytic swelling; central vein and hepatic sinusoid hyperaemia, focal atrophy and interstitial edema in the lungs, variable epithelial cell sloughing, and edema
the in jejunum. However, UG demonstrated no obvious edema but congestion and inflammatory cell infiltration in various organs and partial villus epithelial exfoliation.

injury [11]. The protective effect of ulinastatin on intestinal mucosa can
partly be realized via the maintenance of its effective blood flow.

4.3. Effect of ulinastatin on vascular permeability of organs of dogs within
8 h after burn

The most important reason for the loss of plasma constituents is
higher vascular permeability after the burn. The mechanism causing
higher post-burn vascular permeability remains very complicated, but
the essence lies in raised permeability of vascular endothelium. Many
vasoactive substances and inflammatory mediators resulting from un-
controlled inflammation, such as histamine, 5-hydroxytryptamine,
prostaglandin, free radicals and thromboxane, are all involved in the
rise of vascular permeability [23]. Regardless of the huge fund input, tra-
ditional clinical treatment of resisting inflammatory reactions by
inhibiting cytokine activity fails to harvest a satisfactory effect.

As a kind of protease inhibitor, ulinastatin can inhibit the activity of
many proteolytic enzymes, stabilize lysosomal enzyme and inhibit its
release, eliminate oxygen free radicals and prevent the release of in-
flammatory mediators, and thus gains strong anti-inflammatory effect.
As is revealed by the present experimental result, after being adminis-
tered with ulinastatin, 35% of the burnt beagles have shown signifi-
cantly lower content of EB in liver, spleen, kidneys and jejunum 8 h
after the injury than those in the control group. It means ulinastatin
does improve the vascular permeability of such organs and relieve the
exudation and edema as well.

In conclusion, ulinastatin used in beagle dogs with 35% TBSA, full-
thickness burn injuries moderated the quick loss of circulatory volume
and improved hemodynamic indices. It also moderates vascular perme-
ability and edema in distant organs.
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