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Abstract 
Purpose: To investigate the effect of reduced glutathione and ulinastatin on the expressions of 
interleukin-6 (IL-6), soluble interleukin-6 receptor (sIL-6R), and soluble glycoprotein 130 (sgp130) in 
peripheral blood of paraquat-poisoned patients.  
Methods: In this retrospective study, 88 patients with paraquat poisoning admitted to Dongying 
People's Hospital, Dongying, China from February 2017 to October 2020 were divided into control group 
(n = 40) and study group (n = 48), based on treatment type. The control group received conventional 
treatments, while the study group was given reduced glutathione in combination with ulinastatin. 
Treatment efficacy and peripheral blood expression levels were compared.  
Results: Compared to the control group, curative effect was significantly higher in the study group (p < 
0.05). The expression levels of IL-6, sIL-6R, and sgp130 in the peripheral blood at the early, middle and 
late periods in the study group were markedly lower. The number of patients with flake-like or dotted 
opacity, increased lung texture, pleural effusion and ground glass opacity in the study group during the 
early period was lower (p < 0.05). Moreover, the number of patients with pulmonary edema, fibrous 
cord, pleural effusion, ground glass opacity and reticular opacity during the middle period was markedly 
lower for the study group, while the population of patients with honeycomb lung, fibrous cord, nodules 
and reticular opacity in the study group was higher t (p < 0.05).  
Conclusion: A combination of reduced glutathione and ulinastatin produces significant therapeutic 
effect on paraquat poisoning by down-regulating the serum expressions of IL-6, sIL-6 and sgp130, 
inhibiting inflammation, and mitigating pulmonary lesions.  
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INTRODUCTION 
 
Paraquat is a highly effective, low-residue 
herbicide that does not pollute the soil. It is 
widely used in China, but it is highly toxic to 

humans and animals. Currently, acute paraquat 
poisoning, a major type of pesticide poisoning in 
the emergency departments of hospitals in some 
regions, is mostly due to oral poisoning, and it is 
of rapid onset, resulting in extremely high fatality 
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rate and poor prognosis [1,2]. So far, a unified 
standard or guideline has not yet been adopted 
for the treatment of paraquat poisoning in China 
and elsewhere. The frequently-employed 
symptomatic treatments involve gastric lavage, 
scavenging of oxygen free radicals, and blood 
purification, but these strategies have not 
reduced the high mortality rate associated with 
paraquat poisoning [3,4]. Reduced glutathione is 
a tripeptide with good anti-inflammatory, 
antioxidant and microcirculation-enhancing 
properties [5,6]. 
 
Ulinastatin is often used clinically to treat patients 
with acute circulatory failure. It mitigates hypoxia 
and reduces lung damage. In addition, it mimics 
glucocorticoid function and inhibits the release of 
proinflammatory factors [7,8]. At present, the 
specific mechanism involved in paraquat 
poisoning is unclear, leading to treatment 
difficulties. In recent years, scholars have 
discovered that the IL-6/STAT3 signaling 
pathway plays a critical part in paraquat 
poisoning, and this has led to increased interest 
in research on paraquat toxicity [9,10]. This study 
retrospectively analyzed the clinical data of 88 
paraquat-poisoned patients admitted to our 
hospital from February 2017 to October 2020, 
with the aim of investigating the effect of 
combination treatment using reduced glutathione 
and ulinastatin on the expressions of IL-6, sIL-6R 
and sgp130. 
 
METHODS 
 
Patients 
 
Eighty-eight (88) patients with paraquat 
poisoning admitted to our hospital over a period 
of February 2017 to October 2020 were assigned 
into control group (n = 40) and study group (n = 
48), based on their treatments. The former group 
received conventional treatment, while the latter 
group was given combination of reduced 
glutathione and ulinastatin. The two groups were 
comparable in general data (p > 0.05, Table 1). 
 
Treatments 
 
The control group received conventional 
treatment, and was given 30% montmorillonite 

solution in water for gastric lavage, followed by 
continuation of intake of montmorillonite powder. 
Mannitol (20%) was given for catharsis, until 
disappearance of dark green color in the stool. 
The patients also received blood perfusion (4 h 
at a time) for 3 consecutive days, as well as 
vitamin B, vitamin C and ligustrazine. 
Methylprednisolone (500 mg) was dissolved in 
100 ml of normal saline and administered twice a 
day in the form of intravenous drip. Respiratory 
support and tracheal intubation were carried out 
when necessary.  
 
For patients in the study group, 1.2 g of reduced 
glutathione (Shanghai Fudan Forward 
Pharmaceutical Company Ltd (NMPA approval 
number: H20031265; specification: 0.6 g) was 
added to 250 mL of 5 % glucose solution, and 
given as intravenous drip, once a day, for 7 
consecutive days. Moreover, 200,000 units of 
Ulinastatin (Techpool Bio-Pharma Co. Ltd 
(NMPA approval number: H19990133; 
specification: 50000 units) were added to 250 mL 
of 5 % glucose solution and administered 
intravenously, twice a day for 7 consecutive 
days. 
 
Measurement of indicators 
 
The criteria for evaluation of treatment efficacy 
are shown in Table 2. Total treatment 
effectiveness was calculated using Eq 1. 
 
A (%) = {(B + C)/D}100 …….... (1) 
                          
A: total effectiveness; B: number of cured cases; 
C: number of improved cases; D: total number of 
cases. 
 
The levels of IL-6, sIL-6R, and sgp130 in the 
peripheral blood of patients were determined 
when the patients were admitted to the hospital, 
at 5 days of treatment, and after treatment. 
Peripheral blood (5 mL) was centrifuged at 3500 
rpm for 10 min, and the supernatant was 
preserved in a cold storage at -80 ℃. Enzyme-
linked immunosorbent assay was used to 
measure the levels of IL-6, sIL-6R, and sgp130 in 
peripheral blood, using their respective assay kits 
(Shanghai H Yinyuan Biological Technology Co. 
Ltd) in line with the manufacturers’ instructions. 

 
           Table 1: Patient profile 
 

Group n 
Sex

Age 
Clinic time 

(h) 
Dosage (mL) 

Male Female
Control 40 14 (35.0) 26 (65.0) 32.40±7.10 5.40±1.60 45.14±10.04 
Study  48 20 (41.67) 28 (58.33) 31.22±6.08 6.02±1.72 48.01±10.36 
t/X2-value  0.409 0.84 1.738 1.312 
P-value   0.522 0.403 0.086 0.193 
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Table 2: Criteria used for evaluation of treatment effectiveness 
 
Efficacy Evaluation criterion 
Cured Clinical symptoms disappeared and the chest CT 

showed no obvious abnormalities 
 

Improved Only mild respiratory symptoms; blood 
biochemical indicators and blood oxygen 
saturation are basically normal, chest CT shows 
lung interstitial changes 

Ineffective Death
 
Table 3: Comparison of treatment effectiveness ups {n (%)} 
 
Group N Cured Improved Invalid Total 

effectiveness 
Control 40 5 (12.50) 12 (30.0) 23 (57.50) 17 (42.50) 
Study  48 14 (29.17) 16 (33.33) 18 (37.50) 30 (62.50) 
χ2   2.137 
P-value  0.033
 
Lung damage was assessed with chest CT 
examinations at the time of admission, and every 
3 to 5 days after admission. Changes in CT 
results at the early period (within 5 days of 
treatment), middle period (7 - 14 days post-
admission) and late period (after treatment) were 
compared between the two groups. 
 
Statistical analysis 
 
In this study, SPSS 21.0 was employed to 
process and analyze the data obtained. 
Quantitative data were expressed as mean ± 
standard deviation (SD), and investigated with t-
test. Qualitative data were presented as 
percentage (%), and performed with chi-square 
or rank-sum test. P < 0.05 was assumed to 
indicate statistical differences. 
 
RESULTS 
 
Treatment efficacy 
 
As shown in Table 3, study group witnessed 
higher treatment effectiveness than the control 
group (p < 0.05). 
 
Peripheral blood levels of IL-6, sIL-6R and 
sgp130  
 
The levels of IL-6, sIL-6R and sgp130 in 
peripheral blood of the study group were 
significantly lower than those in the control group 
in the early period (within 5 days after treatment), 
middle period (7 - 14 days of treatment), and 
later period (after treatment) (p < 0.05). See 
Figure 1, Figure 2 and Figure 3.  
 

 
 
Figure 1: Peripheral blood levels of IL-6, sIL-6R and 
sgp130 in the early period 
 

 
 
Figure 2: Peripheral blood levels of IL-6, sIL-6R and 
sgp130 in the middle period 
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Figure 3: Peripheral blood levels of IL-6, sIL-6R and 
sgp130 in the later period 
 
Lung CT  
 
There was a lower number of patients with flake-
like or dotted opacity, increased lung texture, 
pleural effusion and ground glass opacity in the 
study group during the early period (within 5 days 
after treatment) than in the control group. In 
addition, lower number of patients had 
pulmonary edema, fibrous cord, pleural effusion, 
ground glass opacity and reticular opacity in the 
study group during the middle period (7 - 14 
days) than in the control group. The number of 
patients with honeycomb lungs, fibrous cord, 
nodules and reticular opacity was lower in the 

study group than in the control group (p < 0.05). 
See Table 4, Table 5 and Table 6. 
 
DISCUSSION 
 
Oxidative damage and inflammation are 
generally considered as important mechanisms 
through which paraquat poisoning causes lung 
damage. Free radicals cause oxidative damage, 
induce secretion of specific chemokines, 
stimulate alveolar tissue cells to release a variety 
of cytokines such as TNF-α and IL-6 [11], initiate 
inflammatory cascade, trigger the "cascade 
effect", and cause severe inflammatory damage 
to the lungs [12]. Interleukin-6 (IL-6) participates 
in the cytokine network. It induces the 
homodimerization of gp130 by binding to its 
receptor, and activates the downstream JAK-
STAT3 pathway, thereby stimulating the 
expression of IL-6-targeted response genes. It 
has been reported that IL-6 is of great 
importance in cell proliferation and differentiation, 
angiogenesis, and inflammation [13]. It exists in 
two forms: sIL-6 and mIL-6. In the healthy state, 
the amount of sIL-6 is usually low. Most sIL-6s 
are formed by the "shedding" of mIL-6 through 
the action of related proteases. IL-6 binds to sIL-
6 and sIL-6R, and inhibits the release of mIL-6R 
from endothelial cells and smooth muscle cells. 

 
Table 4: Comparison of lung CT in the early period between the two groups {n (%)] 
 
Group Cases (n) Flake-like or 

dotted 
opacity

Increased 
lung texture 

Pleural 
effusion 

Ground glass 
opacity 

Control 40 27（67.50） 28（70.0） 17（42.50） 20（50.0） 
Study  48 20（41.67） 19（39.58） 10（20.83） 12（25.0） 
χ2   5.851 8.112 4.816 5.893 
P-value  0.016 0.004 0.028 0.015 
 
Table 5: Comparison of lung CT in the middle period {n (%)} 
 
Group Cases 

(n) 
Pulmonary 

edema 
Fibrous 

cord 
Pleural 
effusion 

Ground 
glass 

opacity 

Reticular 
opacity 

Control 40 18（45.0） 24（60.0） 19（47.50） 24（60.0） 13（32.50） 
Study  48 9（18.75） 13（27.08） 7（14.58） 14（29.17） 4（8.33） 
χ2   7.069 9.702 11.357 8.454 8.175 
P-value  0.008 0.002 0.001 0.004 0.004 
 
Table 6: Comparison of lung CT in the late period {n (%)} 
 
Group Cases (n) Honeycomb 

lungs 
Fibrous cord Nodules 

opacity 
Reticular 
opacity 

Control  40 17 (42.50) 19 (47.50) 24 (60.0) 24 (60.0) 
Study  48 5 (10.42) 11 (22.92) 12 (25.0) 14 (29.17) 
χ2   11.978 5.868 11.056 8.454 
P-value  0.001 0.015 0.001 0.004 
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This is called the trans-signaling pathway of IL-6, 
and it has a pro-inflammatory effect. In the serum 
of patients with multiple organ dysfunction 
syndrome, the levels of sIL-6R and sgp130 
increase along with rise in IL-6 level as the 
disease worsens, thereby aggravating 
inflammatory responses [14]. 
 
Paraquat brings about lung damage through a 
characteristic process. At the early and mid-
stages of poisoning, inflammatory cell infiltration 
in the lungs promotes the release of a large 
amount of oxidized substances, leading to 
aggravation of lung damage, pulmonary edema 
and hemorrhage. As the disease worsens, 
pulmonary interstitial fibrosis appears at the late 
stage [15]. At present, there are no specific drugs 
for treating paraquat poisoning. The most 
frequently used clinical method for saving 
patients is blood purification. However, paraquat 
has a strong affinity for the lungs, thereby limiting 
the effectiveness of blood purification [16]. 
Ulinastatin exerts potent inhibitory effects on a 
variety of enzymes. It belongs to an important 
class of bioactive substances that regulate cell 
expression and secretion. It effectively regulates 
inflammatory response, inhibits inflammation, 
protects body tissues, promotes tissue repair, 
and reduces inflammatory damage [17]. 
Reduced glutathione is the biologically active 
form of glutathione. It enhances the metabolism 
of carbohydrates, lipids and proteins, and 
participates actively in the neutralization of free 
radicals, thereby maintaining the stability of the 
internal environment [18].  
 
Studies have shown that organophosphorus 
pesticide poisoning lowers reduced glutathione 
levels. Appropriate supplementation with 
exogenous reduced glutathione effectively 
reduces tissue cell damage. Due to its strong 
antioxidant and anti-inflammatory properties, 
reduced glutathione protects the liver, kidney, 
lung and other organs from ROS-induced 
damage [15]. Therefore, reduced glutathione is 
often used clinically for the treatment of acute 
and critical illnesses. In this study, the study 
group obtained more excellent treatment 
efficacy. Moreover, the study group observed 
remarkably lower levels of IL-6, sIL-6R and 
sgp130 in the peripheral blood in the early, 
middle and late periods. Also, the study group 
exhibited more favorable lung CT at each of the 
stages studied. These results indicate that the 
use of reduced glutathione and ulinastatin 
produces a significant and beneficial effect on 
patients with paraquat poisoning. The combined 
treatment effectively down-regulated the serum 
expressions of IL-6, sIL-6 and sgp130, inhibited 
inflammation, and reduced lung damage.  

Limitations of this study 
 
The sample size used in this study was small. 
Moreover, the results may be biased, since the 
study was a retrospective analysis. Therefore, 
there is need to use a larger sample size and 
conduct a prospective study so as to validate the 
findings obtained in the present investigation.  
 
CONCLUSION 
 
Combination of reduced glutathione and 
ulinastatin produces a significant and beneficial 
outcome in the treatment of paraquat poisoning 
by effectively down-regulating the serum 
expressions of IL-6, sIL-6 and sgp130; inhibiting 
inflammatory response and reducing pulmonary 
lesions. 
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