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1)

INTRODUCTION

Glyphosate is widely used as a non-selective her-

bicide
1)
. Ingestion of small amounts of glyphosate

usually causes only gastrointestinal symptoms with-

out any major organ damages including renal toxicity

and lung injury, unlike paraquat2). Although ingestion

of large amounts of glyphosate may cause renal injury,

it is mild to moderate and hemodialysis treatment is

usually not needed
2)
. Some reports described that

renal failure occurred in 14% of patients ingesting

glyphosate but it was mild (mean serum creatinine

levels 1.2 mg/dL) and all of them did not receive
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hemodialysis
1)
. For the first time, Moon et al

2)
re-

ported two cases of acute renal failure requiring

hemodialysis. Since both of them had cardiovascular

instability and refractory metabolic acidosis at the

occurrence of renal failure, the authors considered

that the cause of renal failure was not so much gly-

phosate induced kidney toxicity as cardiovascular

instability and refractory metabolic acidosis. Here we

describe the first case of glyphosate induced severe

tubulointerstitial nephritis requiring hemodialysis

developed without cardiovascular instability in Korea.

CASE REPORT

A 67-year-old man with no history of renal disease

presented to the emergency room 30 minutes after

ingesting 90 mL of glyphosate herbicide (41% gly-

phosate) intentionally. On arrival, the patient com-

plained of nausea, vomiting, and chest burning sensa-

tion. In the emergency room, gastric lavage with 5 L
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of normal saline was performed. His blood pressure

was 130/80 mmHg, heart rate was 84 beats/minute,

respiration rate was 21 breaths/minute and tempera-

ture was 36.9 . On physical examination, he was℃

alert and oriented, his lung sounds were clear, his

heart sounds were normal and his abdomen was non-

tender. In initial laboratory findings, his hemoglobin

was 15.7 g/dL, WBC count was 10,250/mm
3
, platelet

count was 114,000/mm
3
, serum sodium was 141

mEq/L, serum potassium was 5.2 mEq/L, serum chlo-

ride was 107 mEq/L, blood glucose was 120 mg/dL,

AST was 21 IU/L, ALT was 13 IU/L, total bilirubin

was 0.85 mg/dL, amylase was 60.4 IU/L, urea nitro-

gen was 9.1 mg/dL, and his mylase was 60.4 Iwas 0.8

mg/dL. In urinalysis, spylific gravity was 1.016, pro-

tein was negatse, micro RBC was 0-1/HPF, and micro

WBC was 0-1/HPF. An arterial blood gas analysis in

room air demonstrateas pH 7.41, pCO2 36.5 mmHg,

paO2 88.4 mmHg, HCO3
-

17.4 mEq/L, SaO2 97.0 %.

Chest X-ray showed normal findings, and electro-

cardiogram showed normal sinus rhythm without ST-

segment changes. One day after ingestion, his creat-

inine abruptly increased to 4.4 mg/dL. Over the next

24 hours, the patient showed stuporous mentality. His

blood pressure was 110/75 mmHg, heart rate was 108

beats/minute, the respiratory rate was 29 breaths/

minute and temperature was 36.3 . A repeated chest℃

X-ray revealed pulmonary edema and an arterial

blood gas analysis showed a pH 7.346, pCO2 32.0

mmHg, paO2 66.6 mmHg, HCO3
-

17.3 mEq/L. His

serum creatinine increased to 8.2 mg/dL, and urine

output decreased to less than 10 mL/hour. We started

hemodialysis and continued this treatment for two

weeks. Soon after, his stuporous mentality and pul-

monary edema improved. His renal function was slowly

improving during hemodialysis and his creatinine

decreased to 4.6 mg/dL.

Follow-up chest X-ray showed normal findings and

the urine output increased to 100 ml/hour. No further

hemodialysis was necessary. We performed a kidney

biopsy to confirm the cause of acute renal failure

and it revealed tubulointerstitial nephritis consistent

with drug-induced nephrotoxic injury (Fig. 1). After

discontinuation of hemodialysis, his renal function

gradually recovered and serum creatinine level de-

creased to 1.6 mg/dL three weeks after admission

(Fig. 2).

DISCUSSION

This is the first case of glyphosate induced severe

tubulointerstitial nephritis requiring hemodialysis

without cardiovascular collapse. Several reports have

shown the cases of acute renal failure requiring he-

modialysis accompanied with cardiovascular instabi-

lity
2, 9)

. In our patient, he had acute renal failure

without cardiovascular instability and fully recovered

after hemodialysis. We demonstrated tubulointerstitial

Fig. 1. Glyphosate induced tubulointerstitial nephritis. The glomerular structures are
relatively well preserved. There are edema and some infiltration of lympho-
histiocytes in the interstitium (A, H&E, 100). Some neutrophils are aggre× -
gated focally and the tubules show luminal dilatation with WBC casts. The tu-
bular epithelial cells reveal thinning and degenerative changes (B, H&E, 200).×
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nephritis as a possible cause of acute renal failure by

performing kidney biopsy.

Glyphosate is used widely as a non-selective her-

bicide. Commercial glyphosate-based products are

marketed in concentrations ranging from 1% to 41%

or more glyphosate and commonly consist of an aqu-

eous mixture of the isopropylamine salt of glypho-

sate, a surfactant, and multifarious minor components
3)
. Although glyphosate is a phosphorus-containing

compound, it works differently compared to other

organophosphorous compounds in humans. Organo-

phosphorous compounds contain carbon and phospho-

rous acid derivatives3). They bind to acetylcholine-

sterase, also known as neural acetylcholinesterase,

and inhibit this enzyme. As a result, toxic effects of

organophosphorous compounds involve the nervous

system
4)
. In comparison, glyphosate is chemically

similar to other phosphorus-containing compounds.

However, it does not inhibit the acetylcholinesterase

and, thus, lacks organophosphorous-like activity. The

mechanisms of toxicity of glyphosate herbicide are

complicated, because commercial glyphosate formula-

tions contain a surfactant and various minor compo-

nents. Tai et al5) reported that the mechanisms of

toxicity are related to the presence of the surfactant

rather than the glyphosate itself.

The ingestion of a small amount of glyphosate her-

bicide usually results in minimal symptoms such as

sore throat, fever, nausea, vomiting, and abdominal

pain
6)
. However, ingestion of >85 mL of the concent-

rated formulation can cause significant toxicity in

adults, such as gastrointestinal irritation, hepatic and

renal dysfunction, cardiovascular instability, pulmo-

nary insufficiency and even death, despite the admini-

stration of aggressive treatment
7)
. In our case, the

patient presented to the hospital after ingesting 90 mL

of glyphosate herbicide intentionally, and he compla-

ined of nausea, vomiting, and chest burning sensation.

Ingestion of a large amount of glyphosate may place

patients at risk for renal dysfunction. However, it is

uncommon and ingestion requiring hemodialysis is

even more rare. In Korea, Jeong et al
1)

described that

mild degree of renal failure occurred in 14% of 36

patients ingesting glyphosate thnd, Lee et al6) re-

ported that the probability of renal dysfunction neces-

sitating hemodialysis in patients with glyphosate in-

gestion was less than 2%.

The mechanisms of renal toxicity due to glyphosate

are not clear. Several possible causes can explain the

renal dysfunction due to glyphosate. First, glyphosate

may damage renal tubules directly. Glyphosate for-

mulations are excreted by kidney, then these may

Fig. 2. Clinical course of glyphosate induced tubulointerstitial nephritis.
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cause renal toxicity
8)
. Some authors reported that

acute tubular necrosis was revealed on an autopsy,

and a higher concentration of glyphosate was detected

in kidney than compared to brain, liver, and blood8).

Second, glyphosate ingestion may lead to cardiovas-

cular collapse, which causes acute renal failure. As

the mechanisms of renal toxicity due to glyphosate

are unclear, we think further studies should be per-

formed.

It is widely considered that the treatment of glyp-

hosate poisoning is based on a supportive nature
2)
.

However, glyphosate poisoning can generate severe

renal dysfunction refractory to the supportive treat-

ment. In these cases, hemodialysis can clear a signifi-

cant amount of glyphosate
6)

and can improve the

prognosis of patients exhibiting complicated acute

renal failure
2)
. Since there was a report obtained that

renal dysfunction necessitating hemodialysis was

highly associated with poor outcome and mortality
6)
,

hemodialysis should be initiated early in the course of

intoxication, before the patient's condition deteriorates

and end-organ damage becomes irreversible9).

In conclusion, ingestion of large amounts of gly-

phosate can lead to acute renal failure. This is caused

by tubulointerstitial nephritis without cardiovascular

collapse, and performing hemodialysis is effective

against acute renal failure due to glyphosate.
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