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Abstract 

Purpose: To investigate the effect of early resuscitation using a combination of lactated Ringer's 
solution and ulinastatin on the survival rate of patients with sepsis. 
Methods: 82 patients with septic shock admitted to Xi'an People's Hospital, China from June 2017 to 
December 2020 were enrolled and randomly divided into control and study groups (n = 41 each). 
Patients in control group were given conventional fluid resuscitation and anti-infective therapy, while 
patients in study group were additionally given ulinastatin. Acute physiology and chronic health 
evaluation (APACHE II) score, sequential organ failure assessment (SOFA) score, and tissue perfusion 
were determined. Also, mechanical ventilation time, intensive care unit (ICU) stay time, and 28-day 
mortality rates were recorded. 
Results: Both groups presented no significant difference in clinical characteristics before treatment. 
After treatment, APACHE II score, SOFA score, and lactic acid level of the study group significantly 
decreased (p < 0.05), and the patients’ condition improved. Moreover, inflammation-related indices, viz, 
procalcitonin (PCT), white blood cells (WBC), and C reactive protein (CRP) were significantly reduced in 
the study group (p < 0.05). Renal function-related indices which include creatinine, and blood urea 
nitrogen (BUN) significantly decreased in study group (p < 0.05). Mechanical ventilation time, and ICU 
stay time were significantly shortened (p < 0.0001), while short-term survival rate significantly improved 
(p < 0.05). 
Conclusion: Lactated Ringer's solution in combination with ulinastatin expedites tissue perfusion and 
recovery, suppresses inflammation, enhances renal function, and significantly enhances the survival 
rate of septic patients. These findings provide valuable information for exploring new therapeutic 
approaches to sepsis. 
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INTRODUCTION 
 

Sepsis is a life-threatening syndrome of organ 
dysfunction that arises in response to an 
infection in the host [1]. Sepsis and septic shock 
are major healthcare problems that affect millions 

of people worldwide each year [2]. Despite the 
continuous improvement of clinical treatment 
strategies, pathogenesis of sepsis is extremely 
complex and incompletely understood, resulting 
in limited treatment methods. Therefore, it is 
important to develop new clinical treatment 
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strategies to improve the survival rate and life 
quality of patients. According to international 
guidelines for management of sepsis and septic 
shock, fluid therapy is a key part of resuscitation 
of sepsis and septic shock, and it is advised to 
administer at least 30 mL/kg of intravenous 
crystalloids within 3 h for patients with sepsis-
induced hypoperfusion or septic shock [3]. At 
present, lactated ringer's solution is cost-
effective, and widely used in clinical treatment. 
Its chemical composition is more similar to 
extracellular fluid, which can effectively replenish 
body electrolytes and tissue perfusion, and 
reduce organ injury. Therefore, lactated ringer's 
solution has been chosen as an early liquid 
resuscitation reagent. In addition, ulinastatin is a 
Kunitz-type human protease inhibitor found in 
urine, with physiological activities which involves 
suppression of neutrophil elastase and 
stimulation of multiple proinflammatory cytokines 
[4], and is commonly used in treatment of sepsis 
[5]. The goal of treating septic patients or septic 
shock is to improve survival. However, efficacy of 
lactated ringer’s solution in combination with 
ulinastatin remains unclear.  
 
This study investigates the effect of using the 
combination of lactated ringer’s solution and 
ulinastatin on inflammatory responses and renal 
function of patients with sepsis by assessing 
tissue perfusion, changes in inflammation-related 
indices and renal function-related indices.  
 

METHODS 
 
General information 
 
A total of 82 septic patients admitted to Xi'an 
People's Hospital from June 2017 to December 
2020 were enrolled. The patients were randomly 
allocated to study and control groups comprised 
of 41 patients each. 
 
Inclusion criteria 
 
Patients who met to the 2017 international 
guidelines for management of sepsis and septic 
shock [6] and consented to participate in the 
study were enrolled. 
 
Exclusion criteria 
 
Patients with specific medical history, including 
malignancy, cognitive impairment, and heart 
failure, suspected or confirmed pregnancy or 
lactation, and known allergy to ulinastatin. Study 
protocol was approved by Institutional Ethics 
Committee of Xi'an People's Hospital (no. 
2017051106XA), and met the criteria in the 
Declaration of Helsinki [7]. 

Treatments 
 
In accordance with the 2016 international 
guidelines for sepsis and septic shock 
management, the patients received infection 
control, standard therapy, and anti-infection 
interventions, which encompassed fluid 
resuscitation, antibiotics, anti-inflammatory 
medications, vascular agents, and mechanical 
ventilation. Patient's vital signs, mean arterial 
pressure (MAP), central venous oxygen 
saturation (ScvO2), central venous pressure 
(CVP), and urine output were measured. Patients 
were administered a cumulative amount of 500 to 
1000 mL of 0.9 % lactated Ringer's solution. 
(Xuzhou No. 5 Pharmaceutical Factory, 
Sinophosphatid approval H32020445) within 1 h 
to maintain a MAP of 50 - 60 mmHg and urine 
excretion of 0.5 - 1.0 mL/kg/h. Subsequently, 
fluid volume was adjusted according to specific 
clinical situation. Patients in study and control 
groups were administered 200,000 IU per day 
ulinastatin (Techpool, Guangdong, China) and 
normal saline respectively during treatment. 
Ulinastatin was dissolved in normal saline and 
injected intravenously for 7 days. 
 
Evaluation of parameters/indices 

Clinical data 
 
Clinical data collected were gender, age, 
infection site, inflammation and renal function-
related indices. 
 
Acute physiology and chronic health 
evaluation (APACHE II) score 
 
Acute physiology and chronic health evaluation 
(APACHE II) score, sequential organ failure 
assessment (SOFA) score were assessed within 
24 h of admission, and the highest value was 
recorded. 
 
Blood parameters 
 
Blood samples were collected on first day after 
admission and 7 days after ulinastatin treatment 
to measure lactic acid level, white blood cell 
(WBC), procalcitonin (PCT), C-reactive protein 
(CRP), creatinine, and blood urea nitrogen 
(BUN). 
 
Vital signs and changes in patients’ condition 
 
At the same time of blood sample collection, vital 
signs and changes in patients’ condition were 
closely monitored, and the mechanical ventilation 
time, intensive care unit (ICU) stay time, and 28-
day survival rate were recorded. The 28-day 
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survival rate is defined as life status 28 days after 
ICU admission. The ICU stay time is the duration 
of stay in ICU. Re-admission to ICU within 48 h 
was not considered a successful transfer out of 
the ICU, and then ICU stay time was calculated 
as sum of the two ICU stays. Mechanical 
ventilation was recorded in same way as ICU 
stay time. 
 
Statistical analysis 
 
Statistical package for social sciences (SPSS 
version 26.0 software) was employed for data 
analysis. Data were presented as mean ± 
standard deviation (SD), and evaluated using 
student t-test. Enumeration data were analyzed 
using chi-square test. P < 0.05 was considered 
statistically significant. 
 

RESULTS 
 
Clinical characteristics 
 
During the study period, a total of 96 septic 
patients were admitted to Xi'an People's 
Hospital, including 82 patients who met the 
inclusion criteria. Comparative analysis showed 

that the two patient groups had non-significant 
difference in age, gender distribution, underlying 
medical conditions, APACHE II scores, SOFA 
scores, lactic acid levels, infection locations, as 
well as biomarkers related to inflammation and 
renal function (p > 0.05). Thus, the overall health 
status and disease severity in both groups were 
essentially not different (Table 1). 
 
Tissue perfusion 
 
After one week of ulinastatin treatment, APACHE 
II and SOFA scores significantly reduced (p < 
0.05), indicating that ulinastatin improved 
patients' condition (Table 2). Also, ulinastatin 
treatment further reduced lactic acid levels 
following lactated ringer's solution treatment (p = 
0.0398, Table 2). 
 
Inflammation 
 
Three inflammatory indicators (PCT, WBC, and 
CRP) were evaluated to assess inflammatory 
responses and the results revealed that both 
control and study groups showed no difference in 
concentration of inflammatory markers before 
treatment. 

 
           Table 1: Comparison of baseline characteristics between study and control groups (N = 41) 
 

Characteristic Control group Study group P-value 

Age (years) 60.2±8 59.4±6 0.2555 
Gender    
Male 25 22  
Female 16 19  
APACHE II 23.19±3.23 24.21±4.82 0.4613 
SOFA 8.23±2.65 9.42±3.81 0.5185 
Infection site    
Abdominal infection 8 11  
Respiratory system infection 7 6  
Urinary system infection 11 9  
Blood infection 6 3  
Lung 4 7  
Others 5 5  
WBC (109/L) 12.58±2.69 13.15±3.1 0.6703 
Lactic acid (mmol/L) 4.1±0.82 4.3±0.65 0.8823 
PCT (µg/L) 0.48±0.21 0.53±0.18 0.3986 
CRP (mg/L) 62.43±22.57 59.64±26.72 0.4872 
Creatinine (µmol/L) 4.18±0.82 4.33±0.65 0.7866 
BUN (mmol/L) 12.14±0.32 11.87±0.21 0.5289 

Acute physiology and chronic health evaluation (APACHE II) score, sequential organ failure assessment (SOFA), 
white blood cell (WBC), procalcitonin (PCT), C-reactive protein (CRP), and blood urea nitrogen (BUN) 
 

Table 2: Comparison of disease improvement, and tissue perfusion after ulinastatin treatment (N = 41) 
 

Indicator Control group Study group P-value 

APACHE II 20.7±5.41 16.29±3.73 0.0214 
SOFA 7.84±2.03 5.12±1.96 0.0249 
Lactic acid (mmol/L) 2.25±0.54 1.38±1.03 0.0398 

Note: Acute physiology and chronic health evaluation (APACHE II) score, sequential organ failure assessment 
(SOFA) 
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However, combined use of lactated Ringer's 
solution and ulinastatin significantly reduced 
concentration of inflammation-related markers 
(Table 3). 
 
Table 3: Comparison of inflammation-related markers 
(N = 41) 
 

Indicator 
Control 
group 

Study group P-value 

PCT (µg/L) 0.41±0.35 0.33±0.24 <0.0001 
WBC (109/L) 11.27±2.18 7.69±1.78 0.0073 
CRP (mg/L) 55.39±23.86 21.94±19.62 <0.0001 

Note: Procalcitonin (PCT), white blood cell (WBC), 
and C-reactive protein (CRP) 

 
Renal function 
 
Levels of Creatinine and BUN showed no 
significant differences before treatment in study 
and control groups (Table 4). Nevertheless, 
combination of lactated Ringer's solution and 
ulinastatin significantly downregulated their 
expression than lactated ringer's solution alone. 
 
Table 4: Comparison of renal function-related 
indicators (N = 41) 
 

Indicator 
Control 
group 

Study 
group 

P-
value 

Creatinine (µmol/L) 2.25±0.54 1.38±1.03 0.0219 
Blood urea nitrogen 
(mmol/L) 

7.58±0.24 5.31±0.44 0.024 

 

Survival rate 
 
Mechanical ventilation time and duration of 
hospitalization in the ICU were significantly 
shorter in study group compared to control group 
(p < 0.05). Also, 28-day survival rate was higher 
in study group compared to control group (p < 
0.05) (Table 5). Furthermore, 5 and 11 patients’ 
death was recorded in study and control group 
respectively (Figure 1). Among the dead patients 
in study group, 3 died from multiple organ failure, 
and 2 died from acute respiratory distress 
syndrome and refractory shock. In control group, 
6 died from multiple organ failure, 3 died from 
refractory shock, and 2 died from acute 
respiratory distress syndrome. 
 
Table 5: Clinical observation indices (N = 41) 
 

Indicator 
Control 
group 

Study 
group 

P-
value 

Mechanical 
ventilation time 
(hours) 

11.96±4.71 7.42±3.19 0.0011 

ICU stay time 
(days) 

23.53±3.46 12.41±5.28 
< 

0.0001 
28-day 
survival rate 

30(73.17%) 36(87.81%) 0.0376 

 
 
Figure 1: Survival at 28 days after combination of 
lactated Ringer's solution and ulinastatin 
 

DISCUSSION 
 
Patients with severe sepsis have a mortality rate 
of about 25 %, and the incidence of septic shock 
is close to 50 % [8]. Current treatment options 
are limited, and therefore survival rate and 
prognosis of patients are still poor. In this current 
study, patients were treated with lactated ringer 
solution and ulinastatin. The results indicated 
that combination therapy improved the condition 
of septic patients, tissue perfusion, inflammatory 
response, renal function, and early survival rate. 
Sepsis and septic shock cause tissue 
hypoperfusion and excessive inflammation [9]. 
Activation of inflammatory cells and release of 
pro-inflammatory factors seriously damage 
tissues and organs, resulting in low survival rate. 
According to sepsis guidelines, aggressive early 
fluid resuscitation is valuable for septic patients. 
Composition of lactated Ringer's solution is more 
similar to plasma, containing inorganic anions 
that rapidly convert to bicarbonates (namely 
lactate, lactate, acetate, and citrate), as well as 
cations to replenish lost electrolytes [10]. Studies 
have confirmed that an elevated lactic acid level 
carries significant importance in sepsis, being 
associated with a poorer prognosis and serving 
as an indicator of tissue perfusion [11-13]. 
 

Elevated lactate is defined as sepsis-3 septic 

shock, and serum lactate is a biomarker of tissue 

hypoxia and dysfunction [14]. Prompt and 

effective early fluid resuscitation can restore 

tissue perfusion and mitigate the risk of multiple 

organ failures due to reduced circulating blood 

volume. It has been demonstrated that ulinastatin 

effectively inhibits inflammatory factors, regulates 

cellular immunity, suppresses pro-inflammatory 

response, and enhances condition of septic 

patients [15]. Procalcitonin (PCT), C-reactive 

protein (CRP), and white blood cell count (WBC) 

are commonly used clinical markers for 

assessing inflammatory responses in septic 
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patients [16]. The study findings showed that 

combination therapy was more effective in 

improving tissue perfusion, and inflammatory 

response in septic patients. Furthermore, clinical 

data indicates that individuals with sepsis and 

septic shock frequently exhibit fever, excessive 

inflammation, shock, and organ dysfunction [9]. 

Pro-inflammatory factors such as PCT and CRP 

are excessively expressed in septic patients, and 

abnormal increase in WBC may cause tissue 

damage. Ulinastatin, a glycoprotein with broad-

spectrum protease inhibitory properties, not only 

suppresses inflammatory responses but also 

regulates tissue circulation, removes oxygen free 

radicals, and reduce endothelial dysfunction [17]. 

In septic patients, creatinine and BUN decreased 

after combination therapy, which may be related 

to the inhibitory effect of ulinastatin on 

inflammatory response of renal tissue, and 

improvement of renal micro-circulation disorder 

[18]. In addition, clinical observations have 

shown that combination therapy reduced 

mechanical ventilation time and ICU stay time 

while improving the 28-day survival rate. 

 

Limitations of this study 

 

The sample size used was small, thus limiting 

validity of the results. In addition, the evaluated 

indicators are mainly related to biomarkers. 

Thus, tissue, organ damage and function of 

patients were not evaluated. As a result, more 

comprehensive inflammation- and tissue/organ 

function-related assessment is required or a 

larger sample. 

 

CONCLUSION 
 

Administration of lactated Ringer's solution in 

combination with ulinastatin effectively 

downregulates lactic acid level, improves tissue 

perfusion, inhibits inflammatory response, 

protects renal function, and effectively improves 

early survival of septic patients. These findings 

provide more valuable information for exploring 

new therapeutic approaches to sepsis. 

 

DECLARATIONS 

 

Acknowledgements 
 

This study was supported by Scientific Research 

Starting Foundation of Xi'an People's Hospital 

(Xi'an Fourth Hospital), China (Grant no. CX-21). 

Funding/Sponsorship 
 
None provided.  

Conflict of Interest 

No conflict of interest associated with this work. 

Contribution of Authors 

We declare that this work was done by the 

authors named in this article and all liabilities 

pertaining to claims relating to the content of this 

article will be borne by the authors. Hongyan Ma 

and Yuhui Zhou contributed equally to this study 

and should be regarded as co-first authors. 

YuYuan Min conceived and designed the study, 

and drafted the manuscript. YinBin He and Lei 

Tuo collected, analyzed and interpreted the 

experimental data. LiuMeiZi Fann and YaNing 

Xie revised the manuscript for important 

intellectual content. All authors read and 

approved the final manuscript. 

Ethical Approval 

This study was approved by by Institutional 

Ethics Committee of Xi'an People's Hospital (no. 

2017051106XA). 

Availability of Data and Materials 

The datasets used and/or analyzed during the 

current study are available from the 

corresponding author on reasonable request. 

Use of Artificial Intelligence/Large Language 

Models 

None provided. 

Use of Research Reporting Tools 

None provided. 

Open Access  
 

This is an Open Access article that uses a 

funding model which does not charge readers or 

their institutions for access and distributed under 

the terms of the Creative Commons Attribution 

License (http://creativecommons.org/licenses/by/ 

4.0) and the Budapest Open Access Initiative 

(http://www.budapestopenaccessinitiative.org/rea

d), which permit unrestricted use, distribution, 

and reproduction in any medium, provided the 

original work is properly credited. 

 

 



Min et al 

Trop J Pharm Res, December 2023; 22(12): 2530 

 

REFERENCES 
 

1. Singer M, Deutschman CS, Seymour CW, Shankar-Hari 

M, Annane D, Bauer M, Bellomo R, Bernard GR, Chiche 

JD, Coopersmith CM, et al. The third international 

consensus definitions for sepsis and septic shock 

(Sepsis-3). JAMA 2016; 315(8): 801-810. 

2. Fleischmann-Struzek C, Mellhammar L, Rose N, Cassini 

A, Rudd KE, Schlattmann P, Allegranzi B, Reinhart K. 

Incidence and mortality of hospital- and ICU-treated 

sepsis: results from an updated and expanded 

systematic review and meta-analysis. Intensive Care 

Med 2020; 46(8): 1552-1562. 

3. Evans L, Rhodes A, Alhazzani W, Antonelli M, 

Coopersmith CM, French C, Machado FR, Mcintyre L, 

Ostermann M, Prescott HC, et al. Surviving sepsis 

campaign: international guidelines for management of 

sepsis and septic shock 2021. Intensive Care Med 

2021; 47(11): 1181-1247. 

4. Atal SS, Atal S. Ulinastatin - a newer potential therapeutic 

option for multiple organ dysfunction syndrome. J Basic 

Clin Physiol Pharmacol 2016; 27(2): 91-99. 

5. Wang H, Liu B, Tang Y, Chang P, Yao L, Huang B, 

Lodato RF, Liu Z. Improvement of sepsis prognosis by 

ulinastatin: A systematic review and meta-analysis of 

randomized controlled trials. Front Pharmacol 2019; 10: 

1370. 

6. Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli 

M, Ferrer R, Kumar A, Sevransky JE, Sprung CL, 

Nunnally ME, et al. Surviving sepsis campaign: 

International guidelines for management of sepsis and 

septic shock: 2016. Intensive Care Med 2017; 43(3): 

304-377. 

7. World Medical Association. World Medical Association 

Declaration of Helsinki: ethical principles for medical 

research involving human subjects. JAMA 2013; 

310(20): 2191-2194. 

8. Cecconi M, Evans L, Levy M, Rhodes A. Sepsis and 

septic shock. Lancet 2018; 392(10141): 75-87. 

9. Welte T, Dellinger RP, Ebelt H, Ferrer M, Opal SM, 

Singer M, Vincent JL, Werdan K, Martin-Loeches I, 

Almirall J, et al. Efficacy and safety of trimodulin, a novel 

polyclonal antibody preparation, in patients with severe 

community-acquired pneumonia: a randomized, 

placebo-controlled, double-blind, multicenter, phase II 

trial (CIGMA study). Intensive Care Med 2018; 44(4): 

438-448. 

10. Kuttab HI, Lykins JD, Hughes MD, Wroblewski K, Keast 

EP, Kukoyi O, Kopec JA, Hall S, Ward MA. Evaluation 

and predictors of fluid resuscitation in patients with 

severe sepsis and septic shock. Crit Care Med 2019; 

47(11): 1582-1590. 

11. Shapiro NI, Howell MD, Talmor D, Nathanson LA, Lisbon 

A, Wolfe RE, Weiss JW. Serum lactate as a predictor of 

mortality in emergency department patients with 

infection. Ann Emerg Med 2005; 45(5): 524-528. 

12. Borthwick HA, Brunt LK, Mitchem KL, Chaloner C. Does 

lactate measurement performed on admission predict 

clinical outcome on the intensive care unit? A concise 

systematic review. Ann Clin Biochem 2012; 49(Pt 4): 

391-394. 

13. Levy B. Lactate and shock state: the metabolic view. Curr 

Opin Crit Care 2006; 12(4): 315-321. 

14. Bolvardi E, Malmir J, Reihani H, Hashemian AM, 

Bahramian M, Khademhosseini P, Ahmadi K. The role 

of lactate clearance as a predictor of organ dysfunction 

and mortality in patients with severe sepsis. Mater 

Sociomed 2016; 28(1): 57-60. 

15. Shu H, Liu K, He Q, Zhong F, Yang L, Li Q, Liu W, Ye F, 

Huang W. Ulinastatin, a protease inhibitor, may inhibit 

allogeneic blood transfusion-associated pro-

inflammatory cytokines and systemic inflammatory 

response syndrome and improve postoperative 

recovery. Blood Transfus 2014; 12(1): s109-s118. 

16. Van Engelen TSR, Wiersinga WJ, Scicluna BP, van der 

Poll T. Biomarkers in sepsis. Crit Care Clin 2018; 34(1): 

139-152. 

17. Karnad DR, Bhadade R, Verma PK, Moulick ND, Daga 

MK, Chafekar ND, Iyer S. Intravenous administration of 

ulinastatin (human urinary trypsin inhibitor) in severe 

sepsis: a multicenter randomized controlled study. 

Intensive Care Med 2014; 40(6): 830-838. 

18. Chen S, Hao X, Chen G, Liu G, Yuan X, Shen P, Guo D. 

Effects of mesencephalic astrocyte-derived neurotrophic 

factor on sepsis-associated acute kidney injury. World J 

Emerg Med. 2023;14(5): 386-392. 

 


