
 

      

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

CASE REPORT 

 

Abstract 
 

Background: Substituted urea herbicide is widely used in the agricultural industry and is accessible to most people around the globe. 
Accidental or deliberate poisoning is an anticipated complication of these agrochemical products. 
Case presentation: We present a 15-year-old girl following deliberate self-ingestion of substituted urea herbicide (Diuron). She was 
diagnosed with Diuron induced methemoglobinemia and treated with intravenous methylene blue. Later she developed hemolytic 
anemia and needed 3 units of blood transfusions. Her haemolysis was thought to be due to methylene blue with concomitant 
Glucose‐6‐phosphate dehydrogenase (G6PD) deficiency as no other possible cause was found for haemolysis. But on follow-up 
visits, G6PD deficiency was excluded by the screening test and enzyme level assay.  
Conclusion: Heamolytic anemia is a possible rare complication that should be anticipated in patients presented with a significant 
amount of substituted urea herbicide poisoning. Studies have found the possibility of reactive oxygen species accumulation in cells 
leading to oxidative damage. But we were unable to find any reported cases of haemolysis in humans. We postulate that the 
inhibition of NADPH production like G6PD deficiency may be the key mechanism that causes haemolysis in humans by creating an 
acquired G6PD deficiency status in red blood cells. However, further studies are needed to identify the exact mechanism of 
hemolysis in humans. 
 
Keywords: Diuron; Haemolytic Anemia; G6PD Deficiency; Methemoglobinemia; Substituted Urea Herbicide 
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profuse vomiting. She became drowsy and found to have 
low capillary O2 saturation(SPO2) at the local hospital. She 
doesn’t give a family history of haemolytic diseases or 
consanguinity. She was drowsy on admission and pulse rate 
– 86 bpm, blood pressure (BP) – 105/57 mmHg, respiratory 
rate (RR) – 24 bpm, lungs clear and other system 
examination was normal. Her SPO2 was 88% on room air 
and ABG showed pH 7.36, PCO2 – 26 mmHg, PO2 – 112 
mmHg, HCO3 – 14.7 mmol/L, and base excess – (-10.7). 

Gastric lavage and activated charcoal were given after 
admission. She was diagnosed with methemoglobinemia 
(methemoglobin level 40 %, estimated using the color chart 
method) and was treated with IV 1% methylene blue 5ml 
slow infusions till methemoglobin level dropped to 15% and 
supplementary oxygen was given and SPO2 was improved to 
98% on room air. She was kept under observation at the ICU. 
On 1st day of admission her Full blood count (FBC) showed 
white cell count (WBC) – 7600/uL, haemoglobin (Hb) – 12.6 
g/dl, and Platelet (PLT) – 245 000/Ul. Her serum creatinine, 
liver enzyme, and serum electrolytes were normal. On the 6th 
__________ 

 
 
DCMU[4-(3,4-Dichlorophenyl)-1,1-dimethylurea)] is a 

substituted urea compound first introduced as an herbicide 
in 1951 (1) and came to the market for commercial use in 
1954. It is used to control a variety of annual-perennial 
broadleaf and grassy weeds. It has low toxicity to mammals 
and in humans, eye, throat and skin contact can irritate. 
Severe toxicity can cause nausea, vomiting, abdominal pain, 
diarrhea, methemoglobinemia and central nervous system 
depression causing respiratory failure and rarely haemolytic 
anemia (2). We report a patient who self-ingested a 
significant amount of DCMU, developed hemolytic anemia, 
needed blood transfusions and prolonged hospital stay. 

 
 
A 15-year-old girl presented with deliberate self-ingestion 

of approximately 150ml of Diuron and was admitted to 
toxicology unit at teaching hospital Peradeniya in May 2018. 
She had felt dizzy and faintishness after ingestion and had 
_________ 
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day, her heamoglobin dropped to 6.7 g/dl with macrocytosis 
(MCV – 106 fL) and reticulocyte count was 3.2%, LDH – 
840 U/L, CPK 255 U/L, direct Coombs test negative, CRP, 
ESR and clotting profile was normal. Her blood picture was 
suggestive of haemolytic anemia with bite cells compatible 
with G6PD deficiency. She has transfused 3 units of packed 
red cells and eventually hemoglobin was stable. Non-
contrast computed tomography (NCCT) brain showed no 
evidence of cerebral oedema, ECG and 2D ECHO 
cardiogram and ultrasound abdomen was normal. Exclusion 
of Glucose‐6‐phosphate dehydrogenase (G6PD) deficiency 
before starting methylene blue was not feasible due to the 
lack of facilities and acute haemolytic episode. Hence G6PD 
deficiency and methylene blue induced haemolysis was 
thought to be the most possible diagnosis and plan to 
investigate further to confirm. 

She was discharged after 2 weeks and on follow-up visits, 
her haemoglobin level was and found to be static around 11 
g/dl with no evidence of haemolysis in the repeat blood 
picture. Three months later Methaemoglobin reduction test 
(Brewer’s test) was normal. Quantitative analysis of the 
G6PD activity was performed using  G6PD activity 
quantitative spectrophotometric assay, which is a validated 
assay of G6PD deficiency (3). Her G6PD enzyme activity 
was 8 IU/g Hb (7 to 10 IU/g Hb) excluding G6PD deficiency. 
Genetic studies were not affordable for the patient. 

 
 
Diuron is a substituted urea herbicide and it is widely 

used in the agricultural industry. Its mechanism of action is 
by inhibiting the photosynthesis of the plants (2). It inhibits 
the production of NADPH in plants by blocking electron 
transfer from primary acceptor (QA) to a secondary acceptor 
(QB) in the photosynthesis pathway causing increased 
oxidative stress and cell death (4) (Fig. 01).  

According to the available literature, Diuron is less toxic 
_____ 

to humans but the effects, when ingested in large amount, are 
sparsely reported. The common clinical features of toxicity are 
nausea, vomiting, abdominal pain, diarrhea, 
methemoglobinemia and central nervous system depression 
causing respiratory failure (5). Animal studies are done to assess 
the toxicity showed the possibility of haemolytic anemia and 
secondary stimulation of erythropoietic activity (6, 7), though 
they were not reported in humans in the current literature. 

 Our patient presented with constitutional symptoms 
including vomiting, dizziness and developed 
methemoglobinemia. She was treated with IV methylene 
blue and developed haemolytic anemia. Micro angiopathic 
haemolytic anemia (MAHA), autoimmune haemolytic 
anemia, and sepsis causing disseminated intravascular 
haemolysis were less likely due to incompatible history, 
blood picture appearance, absence of other cytopenias and 
negative coombs test, normal inflammatory markers and 
clotting profile respectively.  

Methemoglobinemia is a well-known toxic effect of diuron 
and in this patient, IV methylene blue is used to treat 
methemoglobinemia (5). In a G6PD deficient patient, it can 
induce haemolysis (8). G6PD deficiency is an X-linked 
recessive hereditary disorder and it is the most common 
enzyme defect affecting humans (9). Females are less affected 
than males due to its x link recessive inheritance, but a study 
done in Sri Lanka recruiting over 2,000 people from two main 
districts showed that the prevalence of G6PD deficiency 
distributed equally among males and females (10). Production 
of the NADPH is reduced in G6PD deficient red blood 
cells(RBC) making them vulnerable to oxidative stress induce 
haemolysis. (Fig. 02). Toxic chemicals, drugs, and infections 
were the commonest among many causes that can induce 
haemolysis (11). It is recommended to exclude G6PD 
deficiency prior to starting methylene blue but it may not be 
possible if the patient is having an acute haemolytic episode. 
Because in an acute heamolytic episode high reticulocyte 
________ 
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count can give a false negative result (3, 12). On follow-up 
visits, she was screened for G6PD deficiency. The negative 
Brewer’s test, which is a reliable screening for G6PD 
deficiency for decades (13, 14) had proved the haemolysis 
is unlikely to be due to G6PD deficiency but is most 
probably due to the Diuron. Normal G6PD enzyme assay 
further confirmed the fact.  

Haemolytic anemia mimicking G6PD deficiency is not 
reported in humans in the literature to our knowledge. 
Some researchers have found that the production of reactive 
oxygen species (ROS) was statistically significantly 
increased in human cells in a study done to find the toxicity 
of Diuron in human cancer cells (15). We can postulate that 
the inhibition of the production of NADPH in plants may 
be the key mechanism that causes haemolysis in humans as 
in G6PD deficiency. Diuron may create an acquired G6PD 
deficiency status, making the patient susceptible to 
hemolysis under oxidative stress caused by the Diuron itself 
and the treatment, methylene blue. Studies done using rats 
proved that diuron can cause haemolysis and enlarge spleen 
and iron accumulation of the spleen (6). Hence 
extravascular haemolysis is the other possibility. However, 
the exact mechanism of haemolysis in humans is still not 
identified and further studies are required to confirm the 
exact mechanism. 

 
 
substituted urea herbicide is widely used in many 

countries. Toxicological effects and mechanisms of this 
compound in humans are yet to be discovered as evident by 
this case. It is advisable to anticipate haemolytic anemia as 
a direct toxic effect of substituted urea herbicide and more 
studies need to be conducted in this field. 
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