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Abstract 
 

 
Purpose: The present study was conducted to determine the effect of vitamins C and E administration 
on the outcome of therapy in patients with paraquat intoxication admitted in the Poisoning Emergency 
Department (PED) of Noor Teaching General Hospital, Isfahan, Iran. 
Methods: We studied retrospectively medical records of 186 patients admitted to the PED in two 
different study periods: 157 patients were evaluated from 1985 to 2001 (first study period) in which 
patients received conventional treatment protocol consisting of fluid replacement, oral absorbents, 
haemodialysis, etc, Also, 29 other patients were assessed from 2001 to 2005 (second study period) in 
which vitamins C and E had been administered to the patients, in addition to the conventional protocol. 
The patients' mortality rate after the first study period was compared to that of the second one, with 
regard to the impact of the additional therapeutic intervention (use of antioxidant vitamins). 
Results: Most of the patients (40.5 %) had ingested more than 20 mL of 20 % paraquat solution and 
were admitted to the hospital during the first 4 h after exposure. Paraquat poisoning was more common 
in men (76.6 %), young adults in the age group 19 - 34 (47 %) and during summer (43.3 %). Mean (± 
SE) length of hospital stay was 62.6 ± 15.6 h. Overall mortality rates were 31 and 55.2 % in the first and 
second periods, respectively. 
Conclusion: Although the addition of antioxidants (vitamins C and E) to the conventional therapy did 
not reduce the mortality rate, other dependent variables including different doses of antioxidants may be 
considered for future studies. 
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INTRODUCTION 
 
Paraquat poisoning is the most common 
cause of fatal herbicide intoxication and most 
cases result from deliberate ingestion. The 
major cause of death in paraquat poisoning is 
respiratory failure due to an oxidative insult to 
the alveolar epithelium with subsequent 
obliterating fibrosis [1]. Currently, there are 
no effective pharmacological antagonists for 
paraquat and there are no chelating agents 
capable of binding the poison in blood or 
other tissues, and so the management of 
paraquat poisoning has remained mostly 
supportive and directed toward decreasing its 
absorption or enhancing its elimination [1].  
 
Despite the best therapeutic efforts, paraquat 
presents a high mortality rate even when the 
patient ingests a minimal amount. 
Recognizing the fact that paraquat induces its 
toxic effects via oxidative stress-mediated 
mechanisms [2], further management should 
theoretically be directed towards reducing the 
acute alveolitis and pulmonary fibrosis by the 
use of antioxidants [2], as has been 
investigated in some studies. The two studies 
that evaluated the effect of melatonin as an 
antioxidant on the cell damage and outcome 
of paraquat-intoxicated rats found that 
melatonin increases survival time and 
provides beneficial effects against paraquat 
toxicity [3,4]. These effects were also 
demonstrated in another study with the 
antioxidant, N-acetylcysteine [5]. 
    
Vitamins C and E are well-known 
antioxidants which rapidly react with radicals 
and interfere with lipid peroxidation. High 
concentrations of ascorbic acid are found 
naturally in the fluid of the lung to protect 
against free radicals generated by toxic 
chemicals in air. Accordingly, it has been 
assumed that both vitamins C and E are 
consumed during radical reactions [6,7]. 
  
In one study, after 48 h intraperitoneal 
administration of paraquat to rats, the vitamin 
C concentration in the lungs was significantly 
decreased, indicating that vitamin C directly 

reflected the oxidative stress in the lungs [8]. 
The other study [9] indicates that increasing 
total antioxidant status by high doses of 
vitamin C could be useful as a free radical 
scavenger for paraquat-poisoned patients. 
Such protective effects have been attributed 
to the ability of vitamin C to quench radicals 
generated by redox cycling of paraquat [9]. 
 
The role of vitamin E in paraquat toxicity was 
demonstrated in several studies where 
deficiency of vitamin E potentiated the 
development of acute paraquat toxicity in 
animals. In two different studies, vitamin E 
deficiency decreased survival and worsened 
histological lung damage in rats [10] and 
significantly reduced the LD50 in mice [11] 
exposed to paraquat. Furthermore, the 
potentiation of acute paraquat toxicity by 
vitamin E deficiency was reversed by 
administration of vitamin E [10]. The results 
of another study suggest that alpha-
tocopherol (vitamin E) delivered directly to 
the lung in a liposomal formulation 24 h prior 
to paraquat administration, confers protection 
against paraquat-induced lung damage [12]. 
Although the mechanism(s) by which vitamin 
E protects against paraquat toxicity is not 
understood, it may be attributed to its 
antioxidant properties in preventing lipid 
peroxidation or inhibiting the generation of 
superoxide anion and its toxicity [1].  
 
Isfahan is the second city of Iran and is 
located in the central part of the country. 
Noor General Teaching Hospital is a referral 
university hospital of this region, especially 
for toxicologic emergencies. In this hospital 
over the years, the treatment protocol for the 
management of paraquat intoxication has 
undergone changes. Prior to 2001, treatment 
consisted of gastrointestinal decontamination 
using Fuller's Earth or Hewitt, activated 
charcoal, dexamethasone, N-acetylcysteine 
(NAC) and haemodialysis. After 2001, 
vitamins C and E were added to this 
conventional protocol. Since almost all cases 
of paraquat intoxication are referred to this 
hospital, the objective of this study was to 
assess the effect of the addition of vitamin C 
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and vitamin E to the earlier treatment protocol 
on the outcome of therapy in patients with 
paraquat intoxication.  
      

METHODS AND PATIENTS 
 
The present study was carried out 
retrospectively in the Poisoning Emergency 
Department of Noor General Teaching 
Hospital, Noor, Isfahan Province, Iran. 
Between 1985 and 2005, 186 adult patients 
with paraquat intoxication, as confirmed by 
urine dithionate testing, were evaluated. The 
exclusion criteria included patients who had 
renal or hepatic disorders at the time of 
hospitalization.  
 
The basic demographic data of the patients 
as well as information about the season in 
which poisoning occurred, amount of 
paraquat ingested (as stated by the patient or 
or someone close to him/her); time from 
ingestion to admission, length of 
hospitalization; poisoning-associated 
complications such as renal, hepatic or 
pulmonary failure; treatment procedures 
(haemodialysis, drugs, antioxidants, etc); 
time of initiating haemodialysis after 
admission; dosage of vitamins C and E; and 
patients' mortality rate, were collected in 
special forms from the patients’ files in the 
records department of the hospital. 
 
The medical records of 157 patients were 
evaluated from 1985 to 2001 (first study 
period) in which patients received 
conventional treatment protocol consisting of 
fluid replacement, oral absorbents, 
haemodialysis, etc. Twenty nine medical 
records of eligible patients who were 

admitted from 2001 to 2005 were assessed 
(second study period) in which various 
amounts of vitamins C and E had been 
administered to patients, in addition to the 
conventional protocol. During this period, the 
patients received daily 100 - 200 mg of 
vitamin E intramuscularly and 2400 - 3600 
mg of vitamin C as intravenous infusion for 3 
- 5 days.  
 
Data analysis 
 
The patients' mortality rate in the first study 
period was compared to that of the second 
study period in order to determine the impact 
of the new therapeutic modalities 
(incorporating the antioxidant vitamins). All 
statistical analyses were performed by 
Spearman test using SPSS for Windows, 
version 13.0.  
 

RESULTS 
 
The basic demographic characteristics of the 
patients and the mortality rates in these two 
study periods are shown in Table 1. Paraquat 
poisoning was more common in men (76.6 
%), young adults, i.e., age group 19 – 34 
years (47 %), and during summer (43.3 %). 
Most of the patients (40.5 %) had ingested 
more than 20 mL of 20 % paraquat solution 
and were admitted to the hospital during the 
first 4 h following exposure, as stated by the 
patient or someone close to him/her. 
Haemodialysis was performed on patients 
mostly during 4 - 8 h after admission (63.2%). 
Length of hospital stay (mean ± SEM) was 
62.6 ± 15.6 h. 
 
 

 

Table 1: Frequency distribution (%) of sex, age group and mortality rate in paraquat-poisoned patients for 
two study periods 

 
Age group (years) Sex Mortality 

rate (%) 
>34 19-34 <19 Female Male 

Total 
 

Study period 

(31%) 40(25.5%) 63(40%) 54(34.5%) 49 (31%) 108(69%) 157 First (1985-2001) 

(55.2%) 7(24.1%) 14(48.3%) 8(27.6%) 8(27.6%) 21(72.4%) 29 Second (2001-2005) 
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Renal failure concomitant with hepatic and 
pulmonary dysfunction was observed in 75 % 
of cases. During the second period, paraquat 
poisoning in 55.2% of the patients resulted in 
death, with most of these occurring on the 
first day of admission. This contrasts with a 
mortality rate of 31 % for patients in the first 
period of the study.  
 

DISCUSSION 
 
Acute paraquat poisoning is a major public 
health problem in many developing countries. 
Despite improvements in medical therapy, 
mortality rate for paraquat-poisoned patients 
remains tragically high. In our study, mortality 
rate was not reduced even after inclusion of 
antioxidant vitamin therapy. High mortality 
could be due to high amounts of paraquat 
ingested by the patients as most of the 
patients had ingested more than 20 mL of the  
poison. This high level of poison intake can 
cause multiple organ dysfunctions, leading to 
complications such as cardiogenic shock, 
acute pulmonary fibrosis, renal and hepatic 
failure, and ultimately, death in 24 - 48 h [2]. 
Most of the patients developed multiple organ 
dysfunctions. 
 
The time interval between exposure and 
treatment initiation was also important. 
Although patients were referred to the 
hospital mostly during the first 4 hours 
following exposure, most of the patients died 
due to acute intoxication regardless of 
therapy. This could be attributed to the rapid 
absorption of this poison via the 
gastrointestinal tract.  
 
Although, a few reports have shown the 
beneficial therapeutic effect of antioxidants in 
paraquat poisoning [9,13,14], the present 
study indicate that in spite of the fact that 
vitamins C and E were administered for more 
than 2 days in most of the paraquat-
intoxication cases in order to prevent the 
pulmonary fibrosis, the mortality rate data 
showed that antioxidant therapy did not 
produce any beneficial outcome. None of the 
patients who ingested > 10 mL of paraquat 

survived. Thus, the main prognostic factor 
appears to be the quantity of paraquat 
ingested, as previous studies have indicated, 
including one report in 1979 which stated that 
at any given time after ingestion, the plasma-
paraquat concentrations of patients who died 
usually exceeded those of survivors [15]. 
Exposure to lesser amount of paraquat, and 
lower degrees of renal, hepatic and 
pulmonary failure on admission, are good 
prognostic factors of survival after acute 
poisoning; consequently, antioxidant therapy 
is unlikely to improve the prognosis of 
paraquat intoxication.  
 
The results of the present study are 
consistent with some previous studies. One 
related study conducted on guinea pigs 
indicated that alteration of endogenous 
ascorbic acid (vitamin C) levels did not alter 
biochemical response to paraquat [16]. 
However, the results of another study on 
rabbit kidney cortex slices did show that 
ascorbic acid is able to inhibit the 
accumulation of paraquat, and therefore may 
serve as an antidote for paraquat toxicity [17]. 
There have also been contradictory reports 
about the usefulness of vitamin E in paraquat 
toxicity. While one study showed that vitamin 
E inhibits the induction of cytotoxic effects of 
paraquat on cultured rat hepatocytes [18],  
others conclude that there is no protective 
influence of vitamin E on paraquat 
intoxication [19-21].  
 

CONCLUSION 
 
Although adding antioxidants (vitamins C and 
E) to our conventional therapy did not reduce 
the mortality rate in patients who suffered 
paraquat poisoning, other variables such as 
inadequate dose of antioxidants, as well as 
variables associated with paraquat poisoning, 
also need to be considered. Thus, further 
well-designed prospective studies are 
needed to evaluate the outcome and 
mortality rate among the different treatment 
protocols. The failure of current treatments in 
the management of paraquat poisoning not 
only calls for large prospective clinical trials 
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on the treatment of paraquat poisoning, but 
also for urgent preventive measures.                    
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