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Abstract

Serious exposure to paraquat (more than 10 ml 20% paraquat) usually results in death due to
progressive pulmonary fibrosis. We report successful treatment of an 83-year-old male who in-
gested 50 ml 20% paraquat and the follow-up result after 19 months. Our successful treatment
might due to early and enough gastric lavage, superhigh dose of steroids and ambroxol, and early
and long process of blood purification. At follow-up, the patient’s general condition, laboratory
reports, pulmonary function, and chest radiography remain relatively normal. This successful case
suggested that paraquat caused pulmonary fibrosis was reversible, and that paraquat had no long-
time side effect to lung, liver, kidney, heart, and marrow if the patient received enough and perfect
therapy in time.

Keywords

Paraquat Poisoning, Steroids, Ambroxol, Blood Purification

Subject Areas: Toxicology

1. Introduction
1.1. Primary Treatment Process in Local Hospital

A 83-year-old male (a peasant in Lianpin County of Chongging, China) was admitted to Lianpin Traditional
Chinese Medicine Hospital at 11:10 July 26" 2011, because he ingested 50 ml of 20% paraquat (produced by the
Planck bio-chemical industry Co. LTD) 10 minutes ago. The patient ingested paraquat in a building close to the
hospital due to dispute and fell down immediately without coma and convulsion, and then was sent to the hos-
pital. In Lianpin Traditional Chinese Medicine Hospital, the gastric lavage with 15,000 ml physiological saline
was performed, then 60 g activated charcoal and 20 g magnesium sulfate were dissolved and injected from the
gastric tube, and then hemodialysis (B Braun Co. LTD Lops15 dialyser) plus hemoperfusion (Zhuhai Jianfan Co.
LTD HA130 neutral resina cask) for 4 hours by the right internal jugular venous catheter were carried out. When
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admission, the physical examination and the laboratory tests, including urinalysis, blood routine, liver function,
renal function, blood glucose, blood lipid, thrombin test, electrolytes, total CO, and electrocardiogram were
normal. After hemodialysis, the patient was transferred to Nephrology Department of Xingiao Hospital of Third
Military Medical University.

1.2. The Treatment Process in Nephrology Department of Xinqiao Hospital

The patient was admitted to Xingiao Hospital (ID 03679470) at 00:19, July 27" 2011.

Chief complaint

The patient suffered from palpitation and weak, with only 600 ml urine and without defecation in 14 hours.

Physical Examination

His temperature was 36.8°C, pulse rate 87/minute, respiratory rate 20/ minute, blood pressure 139/87mmHg.
The patient lied down in bed with active position, looked ill but remained conscious with good orientation of
time, place and person. Skin and Lymph nodes was normal. There was no eyelid edema or icteric sclera. The
pupils were symmetric. The chest showed normal with symmetrical expansion, without pulmonary rales. The
heart border and rhythm were normal without murmur. Liver and spleen were not touched. Spine, limbs, neu-
romuscular system were normal.

Laboratory Findings

Blood routine: WBC11.98 x 10°/L, N93.8%, the rest was normal. Urinalysis: protein (+), blood (+), glucose
(+), specific gravity 1.010, pH 7.5. Renal function: Serum creatinine 76 umol/L (0.85 mg/dl), serum urea 5.9
mmol/L (UN16.5 mg/dl), cystatin C 1.59 mg/L. Electrolytes: Serum sodium 129.6 mmol/L, the rest electrolytes
were normal. Myocardial enzymes: lactic dehydrogenase(LDH) and alpha-hydroxybutyric dehydrogenase (o-
HBDH) slightly increased, ischemia modified albumin, aspartate aminotransferase(AST), creatine phosphate
kinase (CPK) and creatine kinase isoenzyme MB (CK-MB) were normal. Heart failure markers: b-type natri-
uretic peptide (B-NP) and troponin T (cTnT) were significantly increased. Electrocardiogram: sinus rhythm,
heart rate was 81/min. Chest radiography: Aorta was dilated, the lungs had no obvious abnormality (Figure 1).
Abdominal ultrasound: Liver, gall bladder, spleen, pancreas and kidney showed normal.

Diagnosis

Paraquat poisoning (Supralethal dose).

Treatment

The patient received 80 mg methylprednisolone and 1000 mg ambroxol each day for 20 days. Then, the me-
thylprednisolone and ambroxol were gradually decreased, and stopped 28 days after poisoning. Twelve hours
continuous venous-venous hemodialysis filtration(CVVHDF, with 1500 ml/h pre-dilution, 500 ml/h post-dilu-
tion, and 2000 ml/h dialysis solutions, Gambro M100 filter) plus 2-hours hemoperfusion (Zhuhai Jianfan Co.
LTD HA130 neutral resina cask) was performed each day for 20 days.

2. Results

On the second day after admission (July 28" 2011), blood creatinine elevated to 188 umol/L (2.1 mg/dl), and
persisted to August 6™ 2011(about 10 days). The heightened myocardial enzymes and heart failure markers per-
sisted until August 25™ 2011 (about 19 days). The laboratory assay results variation was shown in Table 1. On
the 5™ day after admission (August 2" 2011) both upper longs appeared interstitial lesion looked like ground
glass (Figure 2), and showed gradual aggravation until August 7" 2011 (Figures 3-5), and relieved from August
12" 2011(about 16 days post poisoning, Figures 6-8). On August 29™ 2011 (33 days post poisoning) only little
pulmonary fibrotic lesion existed (Figure 9). The patient was discharged from hospital 34 days after admission
with good feeling, and normal results of physical and biological examination.

3. Follow-Up

On February 5™ 2013 (about 19 months after paraquat poisoning), the patient was in a good physical condition,
and could do farm work. Chest X-ray film showed both lung marking increased slightly (Figure 10). Pulmonary
function test showed that forced expiratory volume (FEV) was normal (4.1 L), maximal voluntary ventilation
(MVV) slightly decreased (46.6 L/min), forced expiratory volume in 1 second (FEV1) moderately decreased
(0.9 L), and the FEV1/FEV obviously decreased (21.8%). Laboratory tests: Blood routine and urinalysis were
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Figure 1. The patient was admitted to Xingiao hospital on July 27" 2011. The chest
radiography showed that the lungs had no obvious abnormality.

Figure 2. The chest radiography on August 2™ 2011 showed that both upper lungs
developed interstitial lesion which looked like ground glass.

Figure 3. The chest radiography of the patient from August 4™ 2011 showed gradual
aggravation of the lesion.

Figure 4. The chest radiography of the patient on August 51 2011.
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Figure 6. The chest radiography of the patient from August 12" 2011 showed that the
lesion started to relieve.

Figure 7. The chest radiography of the patient on August 20" 2011.

Figure 8. The chest radiography of the patient on August 24™ 2011.
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Figure 9. The chest radiography on August 29" 2011 showed that only little pulmo-
nary fibrotic lesion existed.

Figure 10. The chest radiography on February 5 2013 showed both lungs marking
increased slightly.

Table 1. The patient’s assay results in hospital.

Date 727 728 729 8.1 8.3 8.6 89 815 825 829

Proteinuria + + + - - - - - - -

Urine occult blood + +++ +++ ++ + - - - - -

Urine glucose + + + - - - - - - -

Blood glucose (mmol/L) 5.4 4.9 4.4 4.3 4.5 4.7 4.4 4.6 4.8 4.3
Serum creatinine (umol/L) 76 188 1904 1576 1202 948 80.2 644 662 57.1
Lactic dehydrogenase (1U/L) 253 257 254 256 253 246 241 259 185 185
a-hydroxybutyric dehydrogenase (1U/L) 213 273 199 214 213 209 211 212 160 160
b-type natriuretic peptide (IU/L) 1520 1732 1421 1351 1369 1520 1123 934 192 195

Troponin T (ug/L) 15.6 17.8 135 10.3 9.5 8.7

normal. Blood glucose was slightly high (7.5 mmol/L, or 135 mg/dl). Blood creatinine was 88.5 pmol/L(1
mg/dl). Liver function and blood lipid were normal.

4. Discussion

Paraquat (I-1-dimethyl-4-4'-bipyridine) is a non-selective and quick-acting killer to green plant. Commercial
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paraquat usually presented as 20% aquatic solution. Molecular formula of paraquat is C1,H14C;,N, and molar
mass is 257.2. Paraquat was most widely used as herbicide in the world. Paraquat, when ingested, is highly toxic
to mammals, including human without specific antidotes. The mortality is more than 90% when one ingested
more than 10 ml of 20% paraquat aquatic solution. In spite of being prohibited or restricted use in more than 20
countries, paraquat is still widely used in 89 countries including China today.

Paraquat can be absorbed by human skin, digestive tract and respiratory tract, and quickly distributes to every
tissues and organs especially the lungs. Paraquat hardly degrades in human body, and is usually discharged from
the urine. Ingested paraquat can cause extensive system damage. Lungs are superlatively easily attacked [1].
Liver, kidney, heart and brain can also be attacked [2]-[5]. Although the patients can die due to multiple organ
failure induced by paraquat in 1 week, but usually die due to progressive pulmonary fibrosis at 2 - 3 weeks post
poisoning. The mechanisms of paraquat inducing tissue injury have not been fully understood. It is most sug-
gested that excessive oxidative stress was related [1] [5].

There is no specific antidote for paraquat poisoning. The most important intervention is as early as possible to
discharge the toxin including vomiting, catharsis and gastric lavage [6]. There are some reports showing that the
lysine acetylsalicylate [7], steroid [8] and ambroxol [9] can reduce the injury of animal lungs caused by paraquat,
but it is not verified in human. No reports have found that patient who ingested more than five times of lethal
dose paraquat was successfully cured.

It was verified by the surveillance tap that this patient ingested paraquat. The positive urine glucose, hematu-
ria, proteinuria, and progressively increasing serum creatinine after poisoning proved that the patient suffered
from acute kidney injury (AKI). The increased LDH, BNP, a-HBDH and c¢TnT indicated obvious myocardial
damage. The interstitial damage (ground-glass lesion) of both upper lungs appeared on the 5™ day, and progres-
sively aggravated, which conformed to the pulmonary fibrosis. All these clinical processes were compatible with
severe paraquat poisoning. It is a miracle that 83-years old man who suffered from serious damages of lungs,
kidney and heart caused by superlethal paraquat poisoning can survive due to successful treatment.

The successful treatment might be attributed to the following points: (1) Eliminating poison from gastroin-
testinal tract in time. The patient received gastric lavage for 15,000 ml in 20 minutes after poisoning, which
eliminated most paraquat in stomach. The activated charcoal infused adsorbed the rest poison in intestinal sys-
tem. (2) Enough and long-time blood purification. The patient received hemodialysis, filtration and hemoper-
fusion 12 hours per day for 20 days, which eliminated the blood paraquat dissociated from tissue gradually.
There was no report about that which kind of blood purification and how long should be given to cure paraquat
poisoning, and there was also no acknowledged indicators about when the blood purification should be stopped.
The patient received blood purification until the assay results of cardio-renal damages became normal. The
blood purification treatment for this patient lasted much longer than that for other patients with acute kidney in-
jury. It was not certain whther such long-time blood purification was necessary. However, successful treatment
of this patient suggested that enough and long-time blood purification was beneficial to the recovery of car-
dio-renal and pulmonary injury caused by paraquat. (3) Large dose of steroids and ambroxol. The pulmonary
fibrosis induced by paraquat had similar pathological feature to severe acute respiratory syndrome (SARS) in-
duced by the coronavirus in 2003. According to the successful experience to treat SARS in XiaoTangShan Hos-
pital of Beijing in 2003, we gave the patient 80 mg methylprednisolone each day. There were some reports
showing that the ambroxol has a special affinity with lung. The concentration of ambroxol in the lung was 20
times higher than that in the blood. In addition to the antitussive and expectorant function, the ambroxol also has
antioxidant and stabilizing effects on lung cells. Large dose (990 mg/day) of ambroxol could relieve the pulmo-
nary damage of patient who suffered from cervical spinal cord injury [10]. The paraquat also concentrates in the
lung and damages the lung through overoxidation [5]. Inspired by the literature, we used large dose of ambroxol
(1000 mg/d, which was 30 times to normal dose). The pulmonary fibrosis induced by paraquat was usually in-
reversible. Anyhow, this patient’s pulmonary fibrosis was under control on the 10" day after poisoning, relieved
on the 15" day, and became normal on the 30™ day. The healing of this patient suggested that the pulmonary fi-
brosis induced by the paraquat could be cured by the large dose of steroids and ambroxol. But the mechanism of
large dose steroids and ambroxol treating pulmonary fibrosis caused by paraquat needs further research.

The patient’s blood glucose was normal without hand tremor while in hospital. But 19 months later, the pa-
tient’s blood glucose increased to 7.5 mmol/L (135 mg/dl) with obvious hand tremor. It is not sure whether these
changes were primary disease or late effect of paraquat poisoning. During follow-up, the patient still worked in
farm, his chest X-ray film and pulmonary function test showed stable, and his blood routine, urinalysis, hepatic
and renal function test were normal. These follow-up results suggested that paraquat had not long-time side effect
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to lung, liver, kidney, heart, and marrow if the patient received enough and perfect therapy promptly.
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