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Abstract. This study investigated the effects of high-dose 
long-term antioxidant free radicals on the mortality rate, 
creatinine (Cr) value, partial pressure of oxygen (PaO2), 
alanine aminotransferase (ALT), as well as the incidence rates 
of lung fibrosis and dysfunction in the treatment of patients 
with severe paraquat (PQ) poisoning [toxic dose, 20 ml stock 
solution (20% w/v)]. A total of 23 cases of severe PQ poisoning 
treated in Xiangyang First People's Hospital, Hubei University 
of Medicine were collected (group 1), and they received 
conventional treatments such as immunosuppressive agents 
and/or hemoperfusion. Six patients were given high-dose 
long‑term antioxidant therapy on the basis of conventional 
treatments (group 2). After treatment, 6 out of the 23 patients 
in group 1 survived, and all the 6 patients in group 2 survived, 
with the survival rate of 26.1 vs. 100% (p<0.01). The lowest 
PaO2 value in group 1 was lower than that in group 2 (70.26±
16.38 vs. 91.17±3.43 mmHg, p<0.01). The highest ALT value 
in group 1 was higher than that in group 2 (216.74±126.23 vs. 
52.50±24.83 U/l, p<0.01). There was no significant difference 
in the incidence rate of lung fibrosis between the two groups 
of survived patients, but there were 6 patients that died of 
severe lung fibrosis in group 1. Besides, the incidence rate of 
lung dysfunction in patients in group 2 was significantly lower 
than that in survived patients in group 1 (p<0.01). High-dose 
long-term antioxidants are the most critical treatment option 
to improve the survival rate of high-dose PQ poisoning, they 
increase the patient's PaO2, enhance liver function, reduce lung 
fibrosis and refine lung dysfunction.

Introduction

Paraquat (PQ), as an electron acceptor, induces a large 
number of reactive oxygen species (ROS) upon entry into the 
mitochondria, thus resulting in damage to tissue cells (1,2). 
After oral administration of PQ, PQ is quickly absorbed by the 
blood and actively transported into cells by inverse chemical 
gradients of type I and Ⅱ lung cells, leading to a significant 
increase in the concentration in the lung, which is 6-10 times 
as high as that of the plasma concentration. Even though the 
plasma PQ concentration significantly declines, it can still be 
maintained at a high concentration within the lung, so the lung 
is its main target organ. In addition, PQ triggers the alveolar 
interstitial infiltration of a large number of inflammatory cells, 
which causes acute lung injury in the early stage and results 
in lung fibrosis in the advanced stage, so it is the main cause 
of death of patients. Liver and kidney damage in patients can 
jointly lead to multiple organ failure (3). PQ in the blood is 
mainly excreted through the kidney as a prototype. The 
direct toxic effects of PQ on the renal tubules can cause acute 
kidney function impairment and delayed excretion of PQ (4). 
Maintaining the kidney function is very important for reducing 
the PQ concentration in the plasma, which can also reduce the 
accumulation of PQ in lung cells (5).

The lethal dose of orally administered PQ is ~20 ml, 
and the mortality rate is positively related to PQ intake. The 
mortality rate of patients with high-dose poisoning reaches 
60-90%, and the survival rate of patients taking >60 ml PQ 
is <1%. Besides, survivors are also often companied by severe 
lung fibrosis, thus seriously affecting the respiratory function 
of patients (5).

The current treatment regimens for PQ are mainly early 
gastric lavage, oral administration of cathartic agents, oral 
administration of activated carbon and increased infusion 
quantity, excretion of PQ accelerated by diuretics, early hemo-
perfusion, and the applications of immunosuppressive agents 
and conventional antioxidants (5-7). However, according to 
the actual observation in Xiangyang First People's Hospital, 
Hubei University of Medicine (Xiangyang, China) and the 
literature reports, the mortality rate of patients with severe 
PQ poisoning is high (5,6). At present, there is no recognized 
specific treatment for high‑dose PQ poisoning, including the 
treatment with conventional antioxidants (5).
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The mass production of ROS is the main mechanism of 
PQ poisoning (1,3,8), and a large number of cell and animal 
experiments have confirmed the effectiveness of antioxidative 
therapy (9), but only two clinical reports have suggested 
that antioxidant therapy is effective (10,11). Observation in 
clinical practice and the literature analysis have indicated that 
conventional antioxidant therapy does not effectively improve 
the survival rate of patients. Therefore, there is currently no 
consensus on the application of antioxidants as the primary 
treatment method (5,6).

For a long time, the core issue ignored in the clinical 
treatment for PQ poisoning is whether ROS can be effectively 
cleared, which is the key to determining the success of treat-
ment in patients with high-dose PQ poisoning. Considering that 
PQ induces ROS generation in a dose-dependent manner (12), 
and that antioxidants inhibit ROS in a dose‑dependent 
manner (12,13), antioxidants at the conventional dose cannot 
effectively increase the survival rate. Therefore, it was 
proposed for the first time to employ high‑dose long‑term anti-
oxidants for treating patients with severe PQ poisoning, so as 
to observe changes in the patient's survival rate, lung fibrosis 
and function.

Materials and methods

General data of patients. Group 1: a total of 23 hospitalized 
patients with PQ poisoning in the hospital from January 2011 
to May 2013 were selected after patients with the oral dose of 
<20 ml were excluded.

Group 2: a total of 6 hospitalized patients in the hospital 
from June 2013 to March 2017 were selected after patients 
with the oral dose of <20 ml were excluded.

The study was approved by the Ethics Committee of 
Xiangyang First People’s Hospital, Hubei University of 
Medicine. The patients who participated in this research, 
signed an informed consent and had complete clinical data.

Treatment regimens. Group 1: all patients underwent conven-
tional hemoperfusion, followed by continuous venovenous 
hemofiltration (CVVH) and glucocorticoid treatment (methyl-
prednisolone, 40-80 mg/day), and they received intravenously 
vitamin C (2 g/day) and orally took activated carbon, so as to 
maintain the electrolyte balance. Antibiotic therapy and other 
therapies were conducted when patients were complicated 
with infection, and they received ventilator-assisted respiration 
when respiratory failure occurred. Following the acute lung 
injury phase, patients were given 40 mg prednisone daily with 
weekly reduction of 5 mg after discharge, and the administra-
tion was kept for 1 month after the dose was reduced to 5 mg 
daily, followed by discontinuation.

Group 2: after the approval was gained from patients and 
their family members, the dose of vitamin C was changed to 
3 g q.8 h (intravenous drip) on the basis of the conventional 
therapy, and that of glutathione (GSH) was changed to 
2.4 g q.12 h (intravenous drip). Seven days later, the dose of 
vitamin C was changed to 3 g q.12 h, and that of GSH was 
changed to 2.4 g q.d, with hospital stays of 10-14 days. After 
discharge, patients were orally administered with 0.6 g acetyl 
cysteine tablets twice a day for a total of 3 months. Besides, 
40 mg prednisone tablets were given to patients daily, with 

weekly reduction of 5 mg, and the administration was kept for 
1 month after the dose was reduced to 5 mg daily, followed by 
discontinuation.

Before treatment, oral PQ dose, time interval from 
administration to treatment, white blood cell (WBC), 
creatinine (Cr), alanine aminotransferase (ALT), partial 
pressure of oxygen (PaO2) and partial pressure of carbon 
dioxide (PaCO2) of patients in each group were collected.

The survival rate evaluation after the end of treatment: 
patients were regarded as survived if they were alive for 
6 months or longer from the date of hospitalization. The 
highest Cr and ALT values of patients were taken as indicators 
for liver and kidney damage. The lowest PaO2 value of patients 
was seen as the indicator for acute respiratory function impair-
ment. Lung fibrosis was evaluated according to the chest X‑ray 
examination results of patients. Moreover, the lung dysfunction 
of the survived patients was determined based on the existence 
of chest tightness and dyspnea after physical activities.

Statistical analysis. Statistical Product and Service Solutions 
(SPSS) 22.0 was applied for statistical analysis. Enumeration 
data are expressed as case (n) and percentage. As the total 
number of samples was <40, Fisher's exact test was used to 
analyze intergroup differences. Measurement data were 
presented as mean ± standard deviation, and intergroup 
differences were analyzed via the independent samples t-test. 
P<0.05 indicates that the difference is statistically significant.

Table I. Characteristics of the two groups of patients with PQ 
poisoning.

 Group 1 Group 2
Variables (n=23) (n=6) P‑value

Age (years) 33.70±10.50 35.50±12.86 0.723
Male 12 (52.2%) 2 (33.3%) 0.651
Amount of ingested
PQ (ml) 42.17±14.13 48.33±38.17 0.713
Time interval (h) 5.26±2.14 5.83±2.48 0.576

PQ, paraquat.

Table Ⅱ. Various detection indicators of the two groups of 
patients before admission.

Variables Group 1 (n=23) Group 2 (n=6) P‑value

WBC (109/l) 10.05±2.35 9.55±2.60 0.651
PaO2 (mmHg) 95.57±5.35 96.33±6.25 0.764
PaCO2 (mmHg) 39.09±3.09 38.83±2.64 0.856
ALT (U/l) 37.04±4.43 37.50±2.81 0.813
Cr (mg/dl) 1.10±0.20 1.06±0.20 0.608

WBC, white blood cell; PaO2, partial pressure of oxygen; PaCO2, 
partial pressure of carbon dioxide; ALT, alanine aminotransferase; 
Cr, creatinine.
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Results

There was no significant difference in the basic data between 
the two groups of patients (p>0.05) (Table I).

The independent samples t-test was conducted for the two 
groups of patients before treatment, which revealed that there 
were no significant differences in WBC, PaO2, PaCO2, ALT and 
Cr (p>0.05), suggesting that there are no obvious differences 

in the infection index, lung, liver and kidney function between 
the two groups of patients before admission (Table Ⅱ).

Fisher's exact test demonstrated that the survival rate of 
group 1 was lower than that of group 2, and the difference was 
statistically significant (p<0.05), indicating that the high‑dose 
long-term antioxidant therapy significantly improves the 
patient's survival rate (Table Ⅲ).

Table Ⅲ. Analysis of the mortality rate of the two groups of 
patients.

Groups Death (n, %) Survival (n, %) P-value

Group 1 17 (73.9) 6 (26.1) 0.002
Group 2 0 (0.0) 6 (100.0)

Table Ⅳ. Analysis of the difference in the incidence rate of 
lung fibrosis between the two groups of patients.

 Lung fibrosis (n, %)
 --------------------------------------------------
Groups No Yes P-value

Group 1 0 (0.0) 6 (100.0) 0.182
Group 2 3 (50.0) 3 (50.0)

Figure 1. A 22-year-old male patient in group 1 took orally 80 ml PQ. The lung CT signs on the 7th day after treatment are displayed, and the results manifested 
a double lung infection and pleural effusion formation. Due to the progressive appearance of severe hypoxemia and respiratory failure, ventilator‑assisted 
respiration was performed, with the lowest PaO2 of 31 mmHg. The patient died of acute lung injury on the 10th day. PQ, paraquat; CT, computed tomography; 
PaO2, partial pressure of oxygen.

Figure 2. A 53-year-old female patient in group 2 took orally 120 ml PQ. The lung CT signs on the 8th day after treatment are displayed, and the results 
revealed a large‑area double lung infection, fibrosis and a small amount of pleural effusion. However, the patient never showed hypoxemia, with the lowest 
PaO2 of 90 mmHg, and she was discharged after the disease was controlled stable on the 14th day. A retrospective review of chest radiographs at 3 months after 
discharge revealed the existence of only mild lung fibrosis, and the 2‑year follow‑up indicated that there was no dyspnea in the patient after physical activities. 
PQ, paraquat; CT, computed tomography; PaO2, partial pressure of oxygen.
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According to Fisher's exact test, there was no significant 
difference in the incidence rate of lung fibrosis among the 
survivors in either group (p>0.05). However, 6 patients in 
group 1 died of respiratory failure due to severe lung fibrosis 
while there was no patient with severe lung fibrosis in group 2, 
suggesting that high-dose long-term antioxidants effectively 
reduce lung fibrosis in patients (Table Ⅳ, Figs. 1 and 2).

The results manifested that after the independent samples 
t‑test, there was no statistically significant difference in the 
highest Cr value between the two groups of patients before and 
after treatment (p>0.05). The paired sample t-test illustrated 
that in group 1, Cr value after treatment was higher than that 
before treatment, and the difference was statistically signifi-
cant (p<0.05), suggesting that severe PQ poisoning remarkably 
impairs kidney function of patients, but not revealing that 
long-term high-dose antioxidant therapy can protect the 
patient's kidney function (Table V).

Based on the results, the independent samples t‑test 
demonstrated that there was no significant difference in 
preoperative ALT between the two groups (p>0.05). After 
treatment, ALT in group 1 was higher than that in group 2, 
with statistically significant difference (p<0.05). The paired 
sample t-test manifested that in group 1, ALT after treatment 
was higher than that before treatment, showing a statistically 
significant difference (p<0.05), which suggested that severe 
PQ poisoning obviously damages liver function of patients, 
and the high-dose long-term antioxidant therapy can protect 
liver function of patients (Table Ⅵ).

On the basis of the results, the independent samples t‑test 
showed that there was no statistically significant difference in 
PaO2 between the two groups before treatment (p>0.05). After 
treatment, PaO2 in group 1 was lower than that in group 2, 

with a statistically significant difference (p<0.05). The paired 
sample t-test illustrated that in group 1, PaO2 after treatment 
was lower than that before treatment, and the difference was 
statistically significant (p<0.05), manifesting that severe PQ 
poisoning significantly impairs lung function of patients, and 
the high-dose long-term antioxidant therapy can protect lung 
function of patients in the acute phase (Table Ⅶ).

Fisher's exact test revealed that the incidence rate of lung 
dysfunction in group 1 was higher than that in group 2, and the 
difference was statistically significant (p<0.05), indicating that 
the high-dose long-term antioxidant therapy can prevent lung 
dysfunction in survivors (Table Ⅷ).

Discussion

The mortality rate of patients with severe PQ poisoning is 
extremely high, and there is currently no specific treatment 
for it. Clinical treatments mainly include immunosuppressive 
agents and early hemoperfusion, and the lung transplantation 
in the later period can increase the survival rate of patients to 
a limited degree (6,7).

Efficient clearance of ROS is the core of the treatment for 
high‑dose PQ poisoning, but few clinical papers discuss how 
to effectively clear ROS. In this study, high-dose long-term 
antioxidants successfully saved the life of all patients in 
group 2, and effectively relieved the patient's lung fibrosis and 
dysfunction in the advanced stage, in which its maximum oral 
dose reached 120 ml.

Main mechanism of PQ poisoning
PQ induces ROS mass production through mitochondria. 
PQ produces only a small amount of ROS if not ingested 
by mitochondria, whereas ROS produced by PQ ingested 
by mitochondria is significantly increased (2). After PQ 
enters mitochondria, PQ2+ gains electrons [originated 

Table Ⅵ. Analyses of ALT of the two groups of patients before 
and after treatment.

 ALT before ALT after
Variables treatment (U/l) treatment (U/l) P‑value

Group 1 37.04±4.43 216.74±126.23 <0.001
Group 2 37.50±2.81 52.50±24.83 0.189
P-value 0.813 <0.001

ALT, alanine aminotransferase.

Table V. Analyses of Cr value of the two groups of patients 
before and after treatment.

 Cr value Cr value
 before treatment after treatment
Variables (mg/dl) (mg/dl) P‑value

Group 1 1.10±0.20 2.95±1.85 <0.001
Group 2 1.06±0.20 1.86±0.75 0.061
P-value 0.608 0.173

Cr, creatinine.

Table Ⅶ. Analyses of PaO2 of the two groups of patients 
during hospitalization before and after treatment.

 PaO2 before PaO2 after
Variables treatment (mmHg) treatment (mmHg) P‑value

Group 1 95.57±5.35 70.26±16.38 <0.001
Group 2 96.33±6.25 91.17±3.43 0.230
P-value 0.764 <0.001

PaO2, partial pressure of oxygen.

Table Ⅷ. Analysis of the difference in the incidence rate of 
lung dysfunction between the two groups of patients.

 No incidence of Incidence of
 lung dysfunction lung dysfunction
Groups (n, %) (n, %) P-value

Group 1 1 (16.7) 5 (83.3) 0.015
Group 2 6 (100.0) 0 (0.0)
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from nicotinamide adenine dinucleotide phosphate 
oxidase (NADPH)] from the complex I at the electron transport 
chain (ETC), and then PQ2+ is reduced to a monovalent PQ+, 
which transfers electrons to O2 to form ROS, and is oxidized 
to PQ2+, thus forming a redox cycle that produces large 
amounts of ROS [such as superoxide radicals (O2

-), hydrogen 
peroxide (H2O2), and hydroxyl radicals (-OH)] (1). However, 
literature has also revealed that complex Ⅲ is the site of PQ2+ 
producing mass ROS (2). Therefore, regardless of the site 
of production, PQ2+ largely plucks electrons from the ETC 
through the redox cycle and delivers it to oxygen to form ROS, 
which is the primary mechanism of PQ poisoning.

PQ destroys mitochondrial deoxyribonucleic acid 
(mtDNA) and ETC, resulting in secondary ROS increase. ROS 
can destroy cell proteins, DNA, cell membranes and other 
macromolecular substances, leading to cell death (9,14). ETC 
in mitochondria is very sensitive to ROS and is easily damaged 
by ROS (15). PQ can lead to a significant reduction of mito-
chondrial respiratory chain complex in the lung, liver, kidney 
and brain tissues (15). A large number of basic studies have 
shown that the ETC injury, especially the complex Ⅰ injury, will 
lead to a large number of electronic leaks to form ROS (16). 
PQ induces mtDNA and nuclear DNA (nDNA) oxidative 
damage (17). mtDNA encodes 13 of the 113 subunits of ETC, 
and oxidative damage to mtDNA leads to insufficient secondary 
synthesis of ETC (18). 8-Oxoguanine glycosylase 1 (OGG1) is a 
DNA repair enzyme that maintains the integrity of mtDNA and 
reduces ROS generation. However, OGG1 knockdown results 
in a significant increase in ROS, suggesting that mtDNA injury 
will further increase ROS generation (19).

ROS induces the production of inflammatory cytokines 
in large quantities. Another notable feature of PQ poisoning 
is the large increases of inflammatory cytokines and cells in 
the lung (3,6). ROS is the most important signal molecule 
inducing inflammation. ROS induces nuclear factor of κ 
light polypeptide gene enhancer in B cell inhibitor α (IκB‑α) 
phosphorylation, so as to lead to dissociation of nuclear 
factor κ‑light‑chain‑enhancer of activated B cell‑IκB‑α 
(NF-κB‑IκB‑α) complex. Then, NF-κB translocates into the 
nucleus and binds to κB transcription factor, thus inducing 
the expression of various inflammatory cytokines [such as 
tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), IL-8, 
and transforming growth factor-β (TGF-β)] (3,20-22), and the 
inflammatory cytokine TNF can also promote the destruction 
of alveolar epithelial mitochondrial  I, resulting in the produc-
tion of ROS and the formation of a vicious circle (23). At the 
same time, ROS destroys the vascular epithelial cells and leads 
to the destruction of the intercellular junctions. Inflammatory 
cytokines induce inflammatory cells to enter the lung through 
the gap between the two vascular endothelia.

In summary, PQ induces a large number of inflammatory 
cytokines by inducing ROS generation, thus leading to apop-
tosis or necrosis of the lung epithelial cells in patients (9,14), 
resulting in acute lung injury with multiple organ damage 
to such as the liver and kidney (17,24), and triggering lung 
fibrosis in the later period, which is the main mechanism of 
PQ poisoning (3).

The role of antioxidants and confusion in clinical applica‑
tions. Antioxidants directly combat ROS‑induced cellular 

damage. A large number of cell and animal experiments 
have shown that antioxidants can reduce PQ-induced ROS 
generation, reduce cell death and protect the lung, liver and 
kidney function of patients (11,17). The mortality rate of 
patients is mainly positively related to the patient's oral dose, 
and those who take >60 ml PQ almost never survive (5). The 
most important reason is that PQ induces ROS generation 
in a dose-dependent manner (12), and similarly, the effect of 
antioxidants is dose-dependent. High-dose antioxidants can 
effectively inhibit ROS generation (13).

Antioxidants restore the function of mtDNA, ETC and 
mitochondria. Loss of mtDNA and damage to ETC are impor-
tant sources of ROS generation (16). Mitochondrial GSH level 
is an important factor for maintaining the integrity of mtDNA. 
Antioxidants can reduce the formation of 8-hydroxy-2'-deoxy-
guanosine (8-OHdG), a DNA oxidative product, and restore the 
integrity of mtDNA (17). In addition, N-acetylcysteine (NAC) 
can restore the integrity of ETC with oxidative damage (25), 
thereby reducing ROS regeneration.

Antioxidants reduce the formation of inflammatory cyto‑
kines, inhibit the destruction of inflammatory cytokines to cells, 
and play an anti‑lung fibrosis role. ROS, as an intracellular 
signaling molecule, induces the mass production of inflam-
matory cytokines, in which the mass production of TGF-β is 
the main pathogenesis of lung fibrosis (20,22). Inflammatory 
cytokines, such as TNF-α, induce cell death primarily through 
the induction of intracellular ROS generation, whereas anti-
oxidants reduce TNF-α-induced cell death (26). Antioxidants 
can remarkably reduce the generation of various inflammatory 
cytokines, while reducing that of TGF-β (20).

Therefore, in theory, antioxidative therapy is the core of 
the treatment for the disease, but the current antioxidative 
therapy is not regarded as the main treatment, and the patient's 
mortality rate is high (5,6,27). There are few clinical reports 
on high‑dose vitamin C treatment for PQ poisoning, but it can 
effectively protect kidney function and reduce the mortality 
rate (10,11). Therefore, it is hypothesized that antioxidants at 
the conventional dosage cannot clear all ROS, which is the 
major cause of high mortality rate of patients.

Test results suggest that the high‑dose long‑term anti‑
oxidant therapy brings a good clinical effect. High-dose 
vitamin C (maximum dose of 3 g, 3 times daily) and GSH 
(50 mg/kg, once daily) can effectively reduce the oxidant level 
in the body (11,28) and increase the patient's survival rate (10). 
Therefore, the aim of high-dose long-term antioxidant lies in 
effectively preventing the damaging effect of ROS on tissues, 
thereby increasing the patient's survival rate.

In the past, it was believed that the removal of large 
amounts of ROS was difficult to be achieved, so there is no 
report on the application of high-dose long-term antioxidants 
in the treatment of severe PQ poisoning (5).

The experimental results suggested that the high-dose 
long-term antioxidant therapy can effectively improve the 
patient's survival rate and reverse liver function impair-
ment (24).

After patients get through the acute lung injury phase, 
another important issue is lung fibrosis (3,20). Recent studies 
have shown that the increase of TGF-β triggered by abnormal 
ROS in the lung is still the main factor for lung fibrosis (20,21). 
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mtDNA damage is an important molecular change of lung 
fibrosis (29). Early application of NAC can prevent the forma-
tion of lung fibrosis (30). Moreover, high‑dose long‑term 
antioxidant therapy can obviously reduce lung fibrosis in 
patients and improve lung function, suggesting that this 
therapy can effectively reduce the generation of the inflamma-
tory cytokine TGF-β in the lung, which is the most important 
factor for preventing lung fibrosis and enhancing lung function.

Conventional glucocorticoids resistant to lung fibrosis are 
considered as the main treatment option, but its actual effect 
is not good. High-dose glucocorticoids or cytotoxic drugs 
can also effectively improve the patient's survival rate and 
prevent lung fibrosis, but they cause serious side‑effects such 
as increased infection, bone marrow suppression and osteopo-
rosis that limit their clinical application (27).

In conclusion, the main pathogenesis of PQ poisoning is 
the induction of ROS and the mass production of inflamma-
tory cytokines. Acute lung injury in patients and lung fibrosis 
in the later period are the main causes of death of patients. 
To the best of our knowledge, it is proposed in this study for 
the first time that the high‑dose long‑term antioxidant therapy 
is a specific treatment for serious PQ poisoning. The results 
evidenced that this therapy significantly improved the patient's 
survival rate, prevented lung fibrosis in the advanced stage, 
and improved lung and liver function of patients. It is hoped 
that more clinical studies will continue to validate the clinical 
efficacy of this therapy.
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