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ABSTRACT
Objectives: Diquat has replaced paraquat in agricultural areas as a herbicide but has led to 
extensive poisoning. Unlike paraquat, which targets the lungs, diquat primarily targets the kidneys. 
Autopsies and animal experiments suggest that interstitial kidney damage is the most critical renal 
lesion. Diquat is a nonselective chemical widely used for terrestrial and aquatic plants after the 
ban on paraquat. Although diquat is known to affect the kidneys mainly, no study has reported 
renal biopsy in patients with diquat poisoning.
Methods: We investigated the histopathologic feature in a young man with diquat poisoning who 
developed acute kidney injury by renal biopsy.
Results: Autopsy and animal experiments suggest that interstitial kidney inflammation is the most 
critical renal lesion. Surprisingly, our results showed that lipid degeneration and acute tubular 
injury with limited interstitial inflammation were the dominant histologic findings in this patient. 
Conclusions: Based on a renal biopsy, this was the first study describing the characteristics of the 
kidney affected by diquat poisoning. Our findings might provide information for managing 
patients who develop AKI due to diquat poisoning.

A 24-year-old male was brought to our emergency depart-
ment by his colleagues more than 5 h after he consumed 
180 mL of diquat due to emotional problems. The patient 
developed nausea and started vomiting greenish-black gas-
tric contents 10 min after ingesting diquat. In the hospital, 
gastric lavage was administered. The patient denied hyper-
tension, diabetes, or other cardiorespiratory diseases. He 
also had no history of depression, allergy, or infectious dis-
eases, and thus, we concluded that he had a good physio-
psychological status. Although his blood pressure was 
174/108 mmHg, the other vital signs were normal, oral 
mucosa was caustic, cardiopulmonary condition showed no 
remarkable signs, his abdomen was tender, without rebound 
pain or muscle tension, no edema occurred in the lower 
limbs, and his pathologic reflexes were negative. The results 
of laboratory examinations showed the following: white 
blood cell count: 19.28 × 109/L, neutrophils: 90.1%, hepatic 
function and renal function were within the lower limit, 
coagulatory function and other biochemical functions 
showed no remarkable changes, only cholinesterase was 
8604 U/L; radiologic tests showed: diffused infiltration of 
both pulmonary fields (Figure 1.). The patient was diagnosed 

with ‘pesticide poisoning’. Gastric protection, veno-venous 
hemofiltration, hemoperfusion, and continuous renal replace-
ment were performed. Methylprednisolone impulse was con-
tinued for four days and then changed to oral prednisone 
till cessation. As the infiltration in the lungs and inflamma-
tory factors were higher than normal, empiric antimicrobial 
treatment was administered. Anuria persisted for several 
days, and the situation remained unchanged. When the 
patient stabilized, he was transferred to our department. 
After admission, as the creatinine level was elevated and the 
patient was still suffering from anuria, hemodiafiltration, 
hemodialysis, and hemoperfusion were performed. Antibiotic 
treatment was discontinued after determining the absence 
of infiltration in both pulmonary fields. As the interpersonal 
situation was various, for accurate diagnosis, a renal biopsy 
was performed. The results confirmed diquat-induced acute 
tubular injury (Figure 2.). The specific outcome was as fol-
lows: A total of 23 patent glomeruli were identified in the 
tissue submitted for evaluation. There was no noticeable 
hypercellularity within the mesangial area and the endocap-
illary lumen, as well as no evidence of significant glomerular 
inflammation or necrosis (A). The tubular parenchyma 
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showed severe interstitial edema associated with scattered 
nonspecific mononuclear cell inflammatory (B). Intact tubules 
showed diffuse acute tubular injurious changes character-
ized by attenuation of the brush borders and cytoplasmic 
rounded vacuolization(C). Oil Red O staining confirmed the 
lipid degeneration within the tubules and spared glomeruli 
(D). The immunofluorescence microscopy examination was 
negative for IgG, IgA, IgM, C3, C1q and kappa and lambda 
light chains. Electron microscopy examination was 

unremarkable. After treatment, the urine volume increased 
gradually. After being hospitalized in our unit for 11 days, 
hemodialysis was stopped, and the urine volume was nor-
mal. The patient was discharged after 21 days of hospitaliza-
tion. After one month of follow-up, the renal indices of the 
patient were stable, and he appeared to be normal.

After paraquat was banned, the use of diquat, a paraquat 
substitute, increased considerably. Reports regarding diquat 
poisoning have grown recently [4]. Although diquat is less 

Figure 1. Computed tomography scans showed that diffused infiltration occurred in both lung fields, and no fibrotic lesions were present.

Figure 2. a: Preserved glomeruli, adjacent acute tubular injury with attenuated brush border and lipid degeneration (PaS stain; original magnification 
x400). B: Conspicuous lipid degeneration observed in the tubules (PaS stain; original magnification x400); C: acute tubular injury without interstitial inflam-
mation (H&e stain, original magnification x100); D: Oil Red O staining indicates vacuolation and a normal glomerulus (original magnification x400).
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toxic than paraquat, their mechanism of toxicity is identical. 
It is an effective insecticide and can enter the body via the 
food chain or through skin contact, intentional ingestion, 
and accidental infusion, causing a series of toxic effects on 
various organs, including the kidneys, lungs, liver, heart, and 
central nervous system, leading to multi-organ dysfunction 
and death [1–3]. The lethal dose for adults is 6–12 g [5,6]. 
The patient reported in our study ingested 36 g, which far 
exceeded the maximum fatal dose. Fortunately, the patient 
was cured. We performed a renal biopsy to examine his 
renal pathologic changes, which helped us develop a proto-
col and a regimen for clinical treatment.

Diquat is hydrophilic, implying that it can freely enter cells 
and tissues and produce free oxygen radicals, which can 
cause mitochondrial dysfunction and cell death [7]. Since it is 
widely available to general people, it is easily distributed to 
the tissues and organs throughout the body by blood, 
attributed to the difference of targeting organs; the concen-
trations are also various. Some autopsy reports found that 
the highest concentration of diquat occurred in the kidneys, 
followed by the lungs, liver, brain, and heart [7]. As diquat is 
excreted by the kidneys, it is the most important target 
organ. Unlike paraquat, diquat seldom causes pulmonary 
fibrosis, at least during a short period or at the early stage. 
In one study, it only caused infiltration of inflammatory cells, 
resulting in a diffuse exudative change in both lung fields 
[8]. However, differential diagnosis or underdiagnosis might 
lead to inefficient therapy, which might cause the patient to 
develop pulmonary fibrosis and result in respiratory failure, 
causing death. For such patients, pulmonary transplantation 
might be suggested. We could not determine the exact 
pathologic changes in the kidneys through speculation and 
deduction based on former cases. Thus, we performed a 
renal biopsy to confirm our diagnosis and aid treatment, as 
well as, make an accurate prognosis.

Through renal biopsy, we found that diquat targeted the 
renal tubules, resulting in tubular injury [9], which was con-
sistent with the autopsy reports. However, in previous animal 
experiments, a interstitial inflammatory cell infiltration was 
observed after they were administered diquat for 16 hours, 
tubular necrosis was obvious [8]. These differences among 
species might be attributed to the application of glucocorti-
coids and clearance of toxin before biopsy. When exposed to 
more than or equal 350 mg/kg diquat, rats’ urea was appar-
ently higher than control group in the early stage of AKI, 
blood urea nitrogen and creatinine were not affected. 
Whereas these factors were normal in humans, such as our 
case reported here. As it is difficult for us to figure out the 
urine volume of animals, as well as clinical symptoms, so 
diquat-induced AKI can only be diagnosed by biochemical 
indexes and pathological investigation, or some biomarkers 
and effectors which can give clinicians some clues to detect 
and treat diquat-related AKI.

Diquat is an agriculture herbicide, which can induce the 
redox cycle and lead to the production of reactive oxidative 
species, and lipid peroxidation. Specifically, lipid peroxidation 
might cause fatty metabolism disorder2. PPAR, both a nuclear 

receptor and transcription parameter, which is in charge of 
lipid metabolism and genes-related to fatty acid pathway. 
diquat-treated group were lack of PPAR, causing more lipid 
deposited in kidneys, leading to AKI. So the possible path-
ways which led to AKI might be PPAR signaling pathway and 
fatty acid oxidation pathway.

The clinical manifestations range from no specific symptoms 
to life-threatening conditions. More attention should be paid to 
monitor vital signs and auxiliary examinations. No specific anti-
dote is available for this kind of toxicity. The main regimen 
involves supportive therapy. Reducing absorption and improv-
ing excretion can help in treating the patient; The mortality 
rate following the ingestion of diquat is high, as such chemi-
cals are very toxic. To treat such cases, quick therapy needs to 
be administered, soon after admission. Family members or the 
patient need to specify the name of the chemical for the cor-
rect diagnosis. Similar to hemopuriation techniques, the prog-
nosis of these cases depends on the route of exposure, the 
quantity of the chemical absorbed, medical history, age, etc. 
Some biomarkers, such as creatine phosphokinase, myoglobin, 
and uric acid, might have partial predictive functions. Thus, 
these biomarkers should be further investigated.
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