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Abstract: Objective: To explore whether ulinastatin combined with glutamine (GIn) can improve the liver function and
inflammation in patients with severe acute pancreatitis (SAP). Methods: Altogether 78 patients with SAP treated in
Tangshan Workers’ Hospital were retrospectively enrolled and divided into the control group (CG, n=35, convention-
al treatment plus ulinastatin) and the research group (RG, n=43, additional GIn on the basis of treatment in the CG)
according to the treatment regimen. The improvement of clinical symptoms after treatment was observed in both
groups. The levels of IgM, IgA and I1gG were tested by ELISA. The Acute Physiology and Chronic Health Evaluation
(APACHE) Il scores were utilized to evaluate the changes of the patients’ condition before and after treatment, and
the Balthazar CT score was used to assess the changes of the lesions. The changes of inflammatory cytokines were
determined via Enzyme linked immunosorbent assay (ELISA). The liver function and amylase indexes of both groups
were measured. Results: Patients in the RG experienced faster improvement in bloating and abdominal pain, first
defecation, and bowel sound recovery than the CG (all P<0.05). After treatment, IgM, IgA and IgG in the RG were
higher than those in the CG (all P<0.05). Besides, the RG exhibited markedly lower interleukin-6 (IL6), IL, tumor
necrosis factor o (TNF-a), and high-sensitivity C-reactive protein (hs-CRP) levels than the CG after treatment (all
P<0.05). After treatment, the indexes of liver function and amylase in both groups were decreased, and those in the
RG were lower than those in the CG (all P<0.05). Conclusion: Ulinastatin in combination with glutamine is effective
in treating severe pancreatitis, which efficiently reduces inflammation in patients and facilitates the recovery of im-
mune, metabolic, and liver functions, and therefore it has a high clinical application value.

Keywords: Severe acute pancreatitis, ulinastatin, glutamine, liver function

Introduction

Acute pancreatitis is the leading cause of
hospitalization due to gastrointestinal diseases
[1] and its incidence has been increasing annu-
ally because of altered lifestyle habits and
increased alcohol consumption [2]. According
to statistics, the morbidity of acute pancreatitis
ranges from 4.9 to 73.4 cases per 100,000
people, worldwide [3]. Although most patients
have mild disease and good prognosis, 15% to
20% of acute pancreatitis patients develop a
severe condition with high morbidity and mor-
tality [4]. Severe acute pancreatitis (SAP) is one
of the severe subtypes of acute pancreatitis
with systemic and local complications [5],
which are related to the systemic inflammatory

response syndrome and multiple organ failure,
and it has great harm to the body of patients
and a higher risk of death [6]. Previously, schol-
ars have pointed out that early death in patients
with severe pancreatitis is usually due to multi-
ple organ dysfunction syndrome (MODS) result-
ing from the systemic inflammatory response
syndrome triggered by the release of various
cytokines within the first two weeks [7], and
approximately half of the patients die after two
weeks because of infection, pancreatic necro-
sis and secondary MODS [8]. Research has
shown that severe trauma can lead to stress
response, resulting in a large number of endo-
toxins and inflammatory factors being released,
along with blood coagulation dysfunction,
immune imbalance, all leading to sepsis [9].
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The liver is the most easily damaged organ
due to inflammatory injury. Excessive produc-
tion of free radicals, ischemia and hypoxia can
cause damage to the function of membrane
proteins, destruction of mitochondrial mem-
brane and hepatocyte membranes, resulting
in dysfunction of bilirubin secretion as well as
uptake and transport of hepatocytes [10].
Therefore, knowing how to protect the liver
from damage, improve the effect of treatment
and reduce mortality are urgent problems to be
solved.

Ulinastatin is a protease inhibitor [11], which
can be obtained from the urine of healthy peo-
ple. Itis reported to have strong inhibitory activ-
ity against pancreatin and also has an anti-
inflammatory effect on acute pancreatitis [12].
Pan Y et al. suggested that ulinastatin can
increase the survival rate of rats with acute
pancreatitis [13]. In addition, ulinastatin can
affect the levels of inflammatory cytokines
TNF-a and IL-1B [14]. Glutamine (GIn) is a free
amino acid found in the human body [15],
which can be converted from glucose in vivo,
and it promotes muscle growth, improves brain
function and enhances immunity [16]. How-
ever, the demand for GIn increases in disease
conditions, and the body cannot synthesize
enough of it to meet the body’s needs [17].
Moreover, research has revealed that ulina-
statin can improve microcirculation and scav-
enge oxygen free radicals, fundamentally
controlling cell injury, as well as protecting
patients’ liver function [18]. We speculate
that the combined treatment of the combined
therapy may achieve greater effect. To verify
our speculation, the clinical efficacy of ulina-
statin plus GIn in treating SAP was analyzed
and studied.

Materials and methods
Patient data

Of the clinical data of 78 patients with SAP
treated in Tangshan Workers’ Hospital from
February 2018 to April 2020 were analyzed ret-
rospectively. Among them, 35 patients received
conventional treatment for acute pancreatitis
combined with ulinastatin (control group, CG),
and 43 additionally received GIn therapy
(research group, RG). All patients enrolled and
their family members signed an informed con-
sent form. This research was approved by the
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Medical Ethics Committee of our hospital.
Ethics code: HBTSLL (trial) 2018A082.

Inclusion and exclusion criteria

Inclusion criteria: patients who met the diag-
nostic criteria of SAP [1]; patients with com-
plete data; patients who voluntarily agreed to
participate in this experiment.

Exclusion criteria: patients who were pregnant
or lactating; patients with drug allergy, other
malignant diseases, liver, kidney or lung dys-
function, or tumor; patients with low complian-
ce.

Methods

Patients in the CG received conventional treat-
ment for acute pancreatitis combined with
ulinastatin (Techpool, Guangdong, China, SFDA
Approval No.: H19990134, 100,000 units). The
scheme was as follows: reduce gastrointestinal
pressure by fasting; control pancreatic secre-
tion, anti-infection and other symptomatic
treatment measures; support treatment such
as intravenous nutrition; maintain electrolyte
and water balance and supplement blood
volume; give corresponding analgesic drugs.
Besides, they received intravenous drip of
ulinastatin (twice a day, dissolved in 500 ml
5% glucose injection) (Heilongjiang Bifu Jinbei-
yao Pharmaceutical Co., Ltd., SFDA Approval
No.: H20083521, 100 ml: 5 g). On this basis,
patients in the RG received glutamine (Gin,
Wuhan Docan Pharmaceutical Co., Ltd., SFDA
Approval No.: H20064444, 100 ml: 20 g), and
the intravenous drip was given 20 g a time,
once a day.

Outcome measures

The improvement of clinical symptoms (impro-
vement of bloating, improvement of abdominal
pain, first defecation, and bowel sound recov-
ery) after treatment was observed in both
groups. The Acute Physiology and Chronic
Health Evaluation (APACHE) Il scores [19] were
utilized to evaluate the changes of patients’
condition before and after treatment, and
Balthazar CT score [20] was used to assess
the changes of lesions. The levels of inflamma-
tory cytokines interleukin-6 (IL6), interleukin-8
(IL8), tumor necrosis factor-a (TNF-a), high
sensitivity C-reactive protein (hs-CRP) and
immunoglobulin (IgM, IgA, 1gG, Abcam, USA,
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Table 1. Comparison of baseline data

Research group Control group

(n=43) (n=35) x*ort/p
Age (Y) 52.61£2.9 51.5+3.4 1.542/0.127
BMI (KG/cm?) 23.2+2.4 23.5+2.7 0.519/0.605
Gender 0.078/0.780
Male 32 (74.42%) 27 (77.14%)
Female 11 (25.58%) 8 (22.86%)
Cause of disease 0.107/0.948
Biliary 28 (65.12) 24 (68.57)
Hyperlipidemic 8 (18.60) 6 (17.14)
Alcoholic 7 (16.28) 5 (14.29)
Smoking history 0.104/0.748
Present 28 (65.12%) 24 (68.57%)
Absent 15 (34.88%) 11 (31.43%)
Drinking history 0.042/0.838
Present 34 (79.07%) 27 (77.14%)
Absent 9 (20.93%) 8 (22.86%)
Living environment 1.794/0.180
Town 30 (69.77%) 29 (82.86%)
Countryside 13 (30.23%) 6 (17.14%)
Ethnicity 0.259/0.611
Han 35(81.40%) 30 (85.71%)
Minority 8 (18.60%) 5 (14.29%)
Past medical history
Hypertension 15 (34.88) 10 (28.57) 0.018/0.891
Hyperlipidemia 17 (39.54) 13 (50.00) 0.046/0.829
Diabetes 14 (32.56) 17 (48.57) 2.066/0.151
Cholelithiasis 10 (23.26) 6 (17.14) 0.442/0.506

Note: Chi-square test was used for counting data and t-test was used for

measurement data.

ab214568, ab196263, ab100547) were mea-
sured by enzyme-linked immunosorbent assay
(ELISA). The liver function indexes of both
groups (alanine aminotransferase, ALT, aspar-
tate aminotransferase, AST, y-glutamyl trans-
peptidase, y-GT, serum alkaline phosphatase
and AKP) were evaluated by Beckman Coulter
AU5800 biochemical analyzer, and the levels
of blood amylase, urinary amylase and lipase
were detected.

Statistical methods

The data were processed by SPSS 22.0, and
figures were plotted by Graphpad7. Enumeration
data were expressed by (%), and chi-square
test was adopted for inter-group comparison.
Measurement data were expressed by (mean +
standard deviation), and t test was adopted for
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inter-group  comparison. P<0.05
denoted the difference was statisti-
cally significant.

Results
Comparison of baseline data

The comparison of age, body mass
index (BMI), gender, cause of dis-
ease, smoking history, drinking his-
tory, living environment, and ethnici-
ty between both groups exhibited no
statistical differences (all P>0.05),
as shown in Table 1.

Improvement of clinical symptoms
after treatment

We compared the improvement of
clinical symptoms, and found that
patients in the RG experienced sig-
nificantly faster improvement in
bloating and abdominal pain as well
as first defecation and recovery of
bowel sounds than the CG (all
P<0.05), as shown in Figure 1.

Changes in immunoglobulin before
and after treatment

The changes of serum immunoglob-
ulin in both groups before and
after treatment were detected. The
results showed that there was no
remarkable change in the levels of
IgM, IgA and IgG before treatment

(all P>0.05). After treatment, these levels in the
RG were higher than those in the CG (all P<0.05)
(Figure 2).

APACHE Il and Balthazar CT scores

We applied the APACHE Il score and the
Balthazar CT score to assess the changes of
the patient’s condition. The results revealed
that there was no difference in the two scores
before the treatment period (P>0.05). After
treatment, the APACHE Il score and the
Balthazar CT score were reduced in both
groups, and they were lower in the RG than the
CG (P<0.05), as shown in Figure 3.

Changes of inflammatory cytokines

We detected the levels of inflammatory cyto-
kines of IL-6, IL-8, TNF-&, and hs-CRP, and
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Figure 1. Improvement of clinical symptoms after treatment. A. Improvement of bloating after treatment in the two
groups. B. Improvement of abdominal pain after treatment in the two groups. C. First defecation time of the two
groups of patients. D. Bowel sound recovery time of the two groups of patients. *P<0.05, compared with the pre-

treatment.
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Figure 2. Changes in IgM, IgA and IgG in two groups of patients before and after treatment. A. Changes in IgM in
both groups before and after treatment. B. Changes in IgA in both groups before and after treatment. C. Changes
in 1gG in both groups before and after treatment. "P<0.05, compared with the pre-treatment; ¥P<0.05, compared

with the research group.

found no difference in their levels between
both groups before treatment (all P>0.05).
After treatment, all the cytokines above were
reduced, and the RG was markedly lower than
the CG (P<0.05), as shown in Figure 4.

Changes of liver function indexes in both
groups

We detected liver function indexes of ALT, AST,
y-GT, and AKP, and found no significant differ-
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ence in their levels before treatment between
both groups (all P>0.05). After treatment, all
the indexes above were reduced, and the RG
was markedly lower than the CG (all P<0.05), as
shown in Figure 5.

Changes of the amylase index in both groups
of patients

We detected the levels of blood amylase,
urinary amylase and lipase, and found that

Am J Transl Res 2022;14(2):918-926
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Figure 3. APACHE Il and Balthazar CT scores before and after treatment in both groups. A. APACHE Il score before
and after treatment in the two groups. B. Balthazar CT score before and after treatment in the two groups. "P<0.05,
compared with the pre-treatment; ¥P<0.05, compared with the research group.
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Figure 4. Changes of inflammatory cytokines before and after treatment in both groups. A. Changes in IL-6 before
and after treatment in both groups. B. Changes in IL-8 before and after treatment in both groups. C. Changes in
TNF-a before and after treatment in both groups. D. Changes in hs-CRP before and after treatment in both groups.
“P<0.05, compared with the pre-treatment; ¥P<0.05, compared with the research group.

there was no difference between both groups
before treatment (P>0.05). After treatment,
the above-mentioned indexes decreased with
significantly lower levels in the RG than the CG
(P<0.05), as shown in Figure 6.

Discussion

SAP is a special type of pancreatitis with com-
plex pathogenesis that results in pancreatic
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swelling, bleeding and necrosis, promoting the
release of large amounts of inflammatory cyto-
kines [21], triggering immune disorders and
inducing multiple complications, which can
eventually lead to multi-organ failure or even
death if not treated effectively in a timely man-
ner [22]. Therefore, it is crucial to reduce the
inflammation, improve the immune system and
lower the incidence of organ failure for the
treatment of SAP [23]. Ulinastatin is a common-

Am J Transl Res 2022;14(2):918-926
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Figure 5. Changes in liver function indexes in both groups. A. Changes in liver function index ALT in both groups.
B. Changes in liver function index AST in both groups. C. Changes in liver function index y-GT in both groups. D.
Changes in liver function index AKP in both groups "P<0.05, compared with the pre-treatment; “P<0.05, compared
with the research group.
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Figure 6. Changes in amylase indexes in two groups of patients. A. Changes in urinary amylase in two groups of pa-
tients. B. Changes in blood amylase in two groups of patients. C. Changes in lipase levels in two groups of patients.

“P<0.05, compared with the pre-treatment; ¥P<0.05, compared with the research group.

ly applied drug in treating acute pancreatitis
[24], and GIn has been clinically proven to
improve the immune function of the body and
positively promote healthy body function [25].
Therefore, we conducted this study to explore
the clinical effects of the combination of two
drugs in the treatment of SAP, thus to provide a
reliable theoretical basis for future clinical
treatment.

First of all, we compared the improvement of
clinical symptoms between the RG and CG
and found that the RG experienced faster
improvement in abdominal distension, abdomi-
nal pain, first defecation and bowel sound
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recovery than the CG. Moreover, we also found
that the improvement of liver function and amy-
lase in the RG was better than that in the CG.
This suggests that the effects of ulinastatin
combined with GIn on improving liver function
is more significant than that of ulinastatin
alone, and previous studies also revealed
better therapeutic effects of ulinastatin plus
GIn on pancreatitis, which supports our experi-
mental results [26]. Ulinastatin, as a broad-
spectrum protease inhibitor extracted from
fresh urine, it has been proven to block the
interaction between inflammatory cytokines
and white blood cells in previous studies, and
it can notably improve the inflammatory

Am J Transl Res 2022;14(2):918-926
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response [27, 28]. The need for GIn increases
in response to environmental damage, inflam-
matory processes, or oxidative stress [29]. Dur-
ing disease, the damaged tissues and cells
cannot synthesize GIn normally, and this will
aggravate the existing damage and cause a
vicious circle [30]. Hence, appropriate GIn sup-
plementation should be given to critically ill
patients as one of the effective treatment
options. According to our analysis, ulinastatin
can inhibit the release of inflammatory factors
and inhibit a variety of proteases. Glutamine
can provide basic energy for the gastrointesti-
nal tract and reduce the damage caused by
inflammatory factors and oxygen free radicals
in the organs of patients. They work together to
reduce the level of inflammatory factors in
patients and improve liver function, so as to
imporve the clinical therapeutic effect. The the-
oretical effect of GIn supplementation would be
highly valid in pancreatitis where gastrointesti-
nal function is generally affected. This study
fully confirmed this point. Similarly, APACHE I
and Balthazar CT scores were adopted to
assess the disease condition of both groups,
and the results indicated a much better recov-
ery in the RG, which verified our hypothesis.

Then, to further understand the effect of ulina-
statin combined with GiIn, we also detected T
lymphocyte subsets and inflammatory cyto-
kines in patients. As an excellent indicator of
the immune and metabolic functions, the func-
tion of T lymphocyte subsets has been con-
firmed in many studies [31]. Compared with
the CG, the RG showed higher levels of IgM,
IgA and IgG, suggesting that patients in the
RG have better immune and metabolic func-
tions. Inflammation, as the key mechanism of
pancreatitis, is related to the severity of the
disease [32]. In this study, IL-6, IL-8, TNF-a and
hs-CRP in the RG decreased considerably,
which confirmed that ulinastatin plus GIn can
effectively inhibit the process of inflammatory
reaction. We believe that ulinastatin can reduce
pancreatic tissue damage by simultaneously
inhibiting the activity of trypsin and other
enzymes through two active functional regions
of the enzyme-inhibiting spectrum. In addition,
ulinastatin is also found to block the TLR4/My
D88/NF-kB signaling pathway in a dose-depen-
dent manner [33], which is the key pathway in
inflammation [34]. Besides, GIn can effectively
block the overflow of intestinal toxins and pre-
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vent the secretion of inflammatory cytokines
into surrounding tissues and cells through
maintaining the normal function of intestinal
barrier [35]. Hence, the combination of the two
has a more significant inhibitory effect on
inflammatory cytokines. At last, we also com-
pared the liver function between the two
groups, and witnessed notably better improve-
ment of liver function in the RG, which proved
that ulinastatin plus glutamine also has better
protective effects on the liver function of pan-
creatitis patients. The reason for this may also
be consistent with our above analysis that
ulinastatin in combination with GIn has a more
significant inhibitory impact on inflammation
and oxidative stress, as well as a better impact
on maintaining the immune and metabolic
function of the body, thus enhancing the recov-
ery of patients’ liver function.

There are still many limitations in this study.
For example, we did not follow up the patients
for long term prognosis, and it is vague how
ulinastatin combined with GIn affects the
long-term outcome of pancreatitis patients.
Further, more basic in vitro experiments are
needed to confirm the action of ulinastatin
combined with GIn in improving pancreatitis.
We will conduct a more complete and compre-
hensive analysis of the application of ulina-
statin in combination with GIn to obtain more
effective experimental results.

To sum up, ulinastatin combined with gluta-
mine is effective in treating severe pancreatitis,
which can efficiently reduce the inflammation
of patients and facilitate the recovery of
immune metabolism and liver function, and
therefore the combined treatment has a high
clinical application value.
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