
THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES 

REVIEW ARTICLE 

3-Nitropropionic Acid - Exogenous 
Animal Neurotoxin and Possible 

Human Striatal Toxin 
A.C. Ludolph, F. He, P.S. Spencer, J. Hammerstad and M. Sabri 

ABSTRACT: 3-Nitropropionic acid (3-NPA) — a suicide inhibitor of succinate dehydrogenase — is a widely dis
tributed plant and fungal neurotoxin known to induce damage to basal ganglia, hippocampus, spinal tracts and periph
eral nerves in animals. Recent reports from Northern China indicate that 3-NPA is also likely to be responsible for the 
development of putaminal necrosis with delayed dystonia in children after ingestion of mildewed sugar cane. This arti
cle discusses the role of 3-NPA in the causation of the disease in China, its neurotoxic effects in animals and the poten
tial role for this compound as a probe of selective neuronal vulnerability. 

RESUME: L'acide trinitropropionique - une neurotoxine exogene animale et possiblement une toxine striatale 
humaine L'acide trinitropropionique (ATNP), un inhibiteur suicide de la succinate-deshydrogenase et une neurotox
ine tres repandue dans les plantes et les champignons, est reconnue comme provoquant des dommages aux ganglions 
de la base, a l'hippocampe, aux faisceaux spinaux et aux nerfs peripheriques chez les animaux. Des communications 
recentes provenant du nord de la Chine indiquent qu'il est possible que l'ATNP soit egalement responsable du 
developpement d'une necrose du putamen avec dystonie retardee chez les enfants qui ingerent de la canne a sucre 
moisie. Nous discutons du role de l'ATNP dans l'etiologie de la maladie en Chine, de ses effets neurotoxiques chez 
l'animal et du role potentiel de ce compose dans l'exploration de la vulnerabilite neuronale selective. 

Can. J. Neurol. Sci. 1991; 18:492-498 

Although dystonias may be secondary or symptomatic,1 the 
etiopathogenesis of the majority of dystonie syndromes is 
unknown and may have genetic and environmental components. 
Toxic models of neurological diseases may provide insight into 
mechanisms of nerve cell degeneration.2-3 This review (a) focus
es on the potential role of an abundant plant and fungal toxin (3-
nitropropionic acid, 3-NPA) in the causation of an encephalopa
thy with a delayed onset dystonia observed in Northern China, 
(b) compares the chemical-induced human disease with the neu
rological picture in animals treated with 3-NPA, (c) summarizes 
the pharmacological effects of 3-NPA, and (d) compares the tox-
icological properties of this compound with those of other bio
chemical agents with a similar target site in the central nervous 
system. We propose that 3-NPA is a useful compound to probe 
selective neuronal vulnerability in the extrapyramidal system, to 
explore the etiopathogenesis of hyperkinetic movement disor
ders, and to provide insights into possible therapeutic approaches. 

THE FUNGAL TOXIN — A LINK 

To HUMAN DISEASES? 

Epidemiology and Clinical Picture of Mildewed Sugar Cane 
Poisoning 

In recent years, Chinese authors have reported4"6 that inges
tion of sugar cane contaminated with the fungus Arthrinium is 
responsible for the development of an acute encephalopathy in 
children. This leads to bilateral symmetric necrosis of the basal 
ganglia and, in a varying number of individuals, to the develop
ment of irreversible generalized dystonia. The aliphatic nitro
compound 3-NPA, an inhibitor of the Krebs cycle enzyme suc
cinate dehydrogenase (SDH), is the principal candidate for the 
causation of the encephalopathy and its tardive effects.46 

Sugar cane is harvested in Southern China in Autumn 
(October), shipped to Northern China, stored, and frequently 
consumed in January and February around the Chinese New 
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Year's Day. Storage in damp conditions promotes fungal growth 
("mildew") within the body of the cane. Sugar cane is sold 
informally at the side of the road and purchased by children and 
adults alike. Adults who consume mildewed sugar cane may 
develop gastrointestinal symptoms but rarely disorders of the 
central nervous system. Children, however, may show signs of a 
severe encephalopathy. It is unclear whether the age distribution 
is due to eating habits (dosage) or related to an increased sus
ceptibility of children. The "oldest patient" with an 
encephalopathy was 27 years old. Reportedly, more than 884 
cases of encephalopathy after intoxication with contaminated 
sugar cane occurred in China from 1972-1989.4-6 Eighty-eight 
individuals died from the intoxication.4-6 

The stereotyped clinical course of the acute intoxication4"6 is 
characterized by a sudden onset of gastrointestinal disturbances 
(nausea, vomiting, abdominal pain, and diarrhea) 2-3 hours after 
ingestion. Headache and dizziness sometimes precede these 
symptoms. Signs of infectious diseases (like fever and nuchal 
rigidity) are absent, and white blood cell counts and cere
brospinal fluid are unremarkable. Somnolence develops in many 
patients and is accompanied by visual and visuomotor deficits 
including double vision, forced upward gaze, conjugation of 
eyes to either side, and horizontal or vertical nystagmus. 
Abdominal and cremasteric reflexes are diminished and 
Babinski's sign is present. Within 3-18 hours after the initial 
symptoms, the majority of patients develop coma and convul
sions (sometimes leading to status epilepticus). Opisthotonus 
and decerebrate rigidity are observed. Patients become comatose 
for a maximum of 20 days. After regaining consciousness, they 
are often unable to speak or to move voluntarily, and they dis
play urinary and fecal incontinence. Neuro-ophthalmological 
examination occasionally shows sluggish pupillary reflexes, 
dilatation and tortuosity of retinal veins, and obscured edges of 
optic discs. After symptomatic treatment, half of the subjects 
described by He and associates4'5 recovered completely. In a 
follow-up study, neurological examination and evoked poten
tials studies were normal in most patients. 

The chronic neurological picture (6 of 12 patients) is charac
terized by appearance of a monophasic, non-progressive ("self-
limiting") delayed dystonia 11-6 days after intoxication or 7-40 
days after regaining consciousness.4'5 The clinical picture 
includes facial grimacing, sustained athetosis of hands and fin
gers, torsion spasms, spasmodic torticollis, painful spasmodic 
attacks in the extremities, and jerklike movements. Speech dis
turbances — and in the most severely affected anarthria — are 
also present. Intelligence cannot be readily assessed, but most 
patients appear alert and communicative. CT-scan consistently 
reveals bilateral hypodensities in the lenticular nuclei, mainly 
the putamen and to a lesser extent the globus pallidus. 
Occasionally, caudate nuclei and claustrum are affected and, in 
3 patients, more diffuse cerebral atrophy was observed.4-5 Visual 
evoked potentials were delayed in 2 patients with dystonia. 

In conclusion, the epidemiological and clinical observations 
in China strongly suggest that the intake of mildewed sugar cane 
is associated with a non-inflammatory encephalopathy, basal 
ganglia lesions and, sometimes, a late-onset dystonic movement 
disorder. The frequency of development of a chronic extrapyra
midal syndrome seems to vary; a range of 1.7% ("large out
break") - to 50% (N = 12) is reported. We do not know whether 
factors like hypoxia, seizures, and status epilepticus play a role 

in the development of basal ganglia damage. He and col
leagues4-5 consider a coma longer than 3 days as a risk factor for 
the development of extrapyramidal disorders. 

Possible Etiology of the Disease 
Samples of mildewed sugar cane contain fungal mycelia.4-6 

Arthrinium is the predominant fungus (46.7-70%).7>8 Juices 
from the sugar cane and Arthrinium cultures isolated from juice 
induce "paralysis in cats and mice" and paroxysmal convulsions 
in dogs when given per as.4"6 3-NPA has been isolated from the 
Arthrinium culture,7 and the neurotoxic effects of the cultures 
and 3-NPA on experimental animals are similar.6'8 Biochemical 
and morphological changes seen in the experimental animals 
have yet to be published in the Western literature and are await
ed with interest. However, the available information makes it 
very likely that Arthrinium spp. and the neurotoxin 3-NPA are 
causally related to the disease. 

3-NITROPROPIONIC ACID AS A PLANT TOXIN 

In addition to being a mycotoxin, 3-NPA and its derivatives 
(aliphatic nitrocompounds) are found in several higher plants 
(Figure 1). The toxicity of these plants is well recognized, and 
aliphatic nitrocompounds frequently cause acute and chronic 
diseases in some domestic animals. In particular, Astragalus 
spp. (milk vetches, locoweeds, poison vetches) are responsible 
for major livestock losses in the Western United States from 
British Columbia to Mexico.911 Plant nitrocompounds are 
found as glucose esters of 3-nitropropionic acid (NPA), and 
ether glucosides of 3-nitropropanol (NPOH).1013 The potential 
health impact of two additional, less abundant, primary nitro
compounds, l-phenyl-2-nitroethane and l-(4'-hydroxyphenyl)-
2-nitroefhane,11 is unknown. Alphatic nitrocompounds related to 
or derived from NPA occur primarily in: a) Leguminosae. pri
marily the genera Astragalus,,14-18 Coronilla,19'20 Indigofera,21-
24 and Lotus.25 b) Malpiaghazeae (Hiptage spp., Heteropteris 
spp., Janusia spp.), 2f><21 and c) Corvnocarpaceae (Corynecarpus 
laevigatus and C. similis).2S 

METABOLISM AND METABOLIC EFFECTS OF 
3-NITROPROPIONIC ACID 

3-NPA irreversibly inhibits the Krebs cycle enzyme succi
nate dehydrogenase (SDH).29'30 SDH, an enzyme of the mito
chondrial membrane (part of Complex II), catalyzes the oxida
tion of succinate to fumarate. The precise mechanism of 
inhibition is unknown: the NPA nitronate may be a suicide 

C H 2 — C O O H C H 2 — C H 2 - 0 H 

N 0 2 N 0 2 

Figure 1 — Structure of 3-nitropropionic acid (left) and 3-
nitropropanol (right). In plants, 3-NPOH occurs as ether 
glycoside whereas NPA conjugates are glucose esters. 
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inhibitor which irreversibly binds to the flavin component of 
DSH,29 or the sulfhydryl group of SDH may attack 3-nitroacry-
late, produced by oxidation of 3-NPA by flavin, and thereby 
affect enzyme inhibition.30 3-NPA also induces reversible inhi
bition of fumarase and aspartase (an enzyme not present in 
humans).31 Schloss and Cleland described inhibition of the isoc-
itrate lyase.32 3-NPA may also inhibit acetylcholinesterase in rat 
brain.33 

After oral administration, the naturally occurring conjugates 
of the nitrocompounds are hydrolyzed in the gastrointestinal 
tract by an esterase (for 3-NPA) or by a P-glucosidase (for 3-
NPOH). After absorption, 3-NPOH is irreversibly metabolized 
to 3-NPA, possibly by liver alcohol dehydrogenase.34 Like other 
nitrocompounds, 3-NPA is metabolized by an amino-acid and 
glucose oxidase which results in the production of nitrites.35 

Nitrite induces oxidation of hemoglobin to methemoglobin, a 
biological effect that complicates the interpretation of the toxici
ty of the primary nitrocompounds and which can be reversed by 
methylene blue. Nitrite ions36 have a direct effect on smooth 
muscle and dilate blood vessels. However, in the rat, 3-NPA 
reportedly induces arterial hypertonia not hypotonia.37 

ANIMAL DISEASES 

Uncontrolled Studies 
Most descriptions of diseases occurring in domestic animals 

refer to poisoning by 3-NPA- or NPOH-containing Astragalus 
spp. in North America. The toxic effects of these plants must be 
distinguished from acute and chronic intoxication from (a) sele
nium-accumulating Astragalus and (b) locoweed poisoning 
caused by certain Astragalus species which contain swainsonine 
(8a, P-indolizidine-la, 2a, 8p triol), the likely toxic principle.10 

Aliphatic nitrocompounds induce acute and chronic effects 
on the nervous system of several species, including cattle, 
sheep, and horses.12 The major signs of the acute syndrome 
(which leads to death within hours or days) are dyspnea, 
cyanosis, frequent urination, and muscular weakness or paraly
sis of the hindquarters.12'38 James10-12 described the picture of 
chronic intoxication ("roaring disease," "cracker heels," or 
"knocking disease") after "grazing of nitro-containing 
Astragalus at a much lower level than in acute poisoning and 
over an extended period of time." After small dosages of the 
toxin, a silent period of up to 21 days can be observed.10 "The 
first signs of chronic intoxication in cattle are labored and rapid 
respiration." . . . "Other signs of intoxication include general 
body weakness, beginning in the pelvic limbs, knuckling of the 
fetlocks, goose stepping, and knocking together of the hind 
limbs when walking. As the disease progresses, there may be 
weakness of hindlimbs or even loss of control of this part of the 
body; the limbs may be dragged when the animal moves. Some 
indication of temporary blindness has been observed." Animals 
with advanced signs of intoxication rarely recover.10 

Controlled Studies 
The toxicity of aliphatic nitrocompounds is greatly species-

dependent. 12,19,20,38,39 Complicating the response is the 
tendency for 3-NPA and 3-NPOH to induce methemoglobine
mia variably in different species. Chronic and acute toxicity 
must also be distinguished. 

Acute clinical signs are similar in all species and include 
depressed food intake, posterior weakness and paralysis, stag

gering gait, incoordination, sometimes temporary blindness (cat
tle), head extension, dyspnea, and terminal hyperpnea. Chronic 
clinical signs in cattle, sheep, meadow voles, and pigs10'12-20 

include posterior weakness, incoordination, knuckling of the fet
locks, stiffness of gait, interference of hind limbs when walking, 
and, sometimes in sheep, stiff front legs. 

Neuropathological findings in cattle and sheep are described 
by James et al.12 who conducted feeding trials of Astragalus 
species for periods from 1-98 days. Considerable inter-individu
al variability is seen. Findings include mild to moderate 
Wallerian degeneration in the spinal cord, "moderate spongy 
vacuolation in the white matter of the globus pallidum (N = 1)," 
and moderately severe Wallerian degeneration and loss of many 
nerve fibers in the sciatic nerve. Degeneration of Purkinje cells 
is observed in coypu stocks consuming Coronilla spp. in experi
mental feeding trials in Hungary.40 

Controlled Studies in Laboratory Animals 
Mice treated with a single or repeated i.p. injections of 120 

mg/kg 3-NPA develop a "characteristic form of basal ganglia 
degeneration."41 Initially, mice show depressed motor activity 
and are less responsive to external stimuli. Occasional episodes 
of hyperactivity and/or abnormal movements, such as tremors, 
head bobbing, head tilt, circling, tail rigidity and elevation, are 
observed. Later, more severe depression develops with intermit
tent periods of arousability and altered motor activity. No appar
ent seizures are seen. Gould and Gustine41 monitored methe
moglobinemia and showed this was unlikely to be responsible. 

Large doses (120 mg/kg/d) of 3-NPA induce the following 
pattern of damage in the central nervous system of mice: 

a) bilaterally symmetric lesions of the lateral aspect of the 
caudate-putamen, with marked swelling of (dendritic) processes; 
and cell bodies, with nuclear pyknosis and chromatin clumping; 

b) postsynaptic lesions of the globus pallidus, the entopedun-
cular nucleus, and the pars reticulata of the anterior substantia 
nigra; 

c) lesions of myelinated fiber tracts of the midbrain, medulla 
oblongata, and spinal cord including the lateral and ventral funi
culi, the medial lemniscus, the descending tract of the fifth 
nerve, the reticular formation and the midbrain rubrospinal tract. 
"Larger myelinated fibers seemed to be preferentially involved." 
Myelin changes are more pronounced than alterations of the 
axon. 

Despite the heterogenous pattern of tissue vulnerability, 
inhibition of SDH enzyme activity (determined biochemically 
and histochemically) is uniform throughout the cortex and the 
caudate/putamen.41 >42 

In rats, a single dose of 3-NPA (30 mg/kg s.c, LD 50 22 
mg/kg s.c.) or 10 mg/kg/day for 1-4 days causes a stereotypic 
clinical picture to develop in stages:43 

Stage 1: somnolence, 
Stage 2: hyperactivity with uncoordinated "wobbly" gait; 

tendency to fall to one side; stereotyped paddling movements; 
axial "roll-over," 

Stage 3: ventral or lateral recumbency with hindlimbs rigidly 
extended; short periods of paddling movements. 

The principal pathological changes are characterized by: 
a) alterations of neuronal somata with marked chromatin 

clumping and increased cytoplasmic lucency, severe cellular 
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shrinkage or swelling, and swelling of mitochondria. Also pre
sent is swelling and chromatin clumping of astrocytes with rela
tively minor changes in the oligodendroglia.43 

b) morphological changes of white matter tracts with axonal 
swelling and adaxonal splitting of myelin. Deficits are most evi
dent in the internal capsule. 
The following structures are selectively lesioned: 

a) caudate-putamen, bilaterally symmetrical changes in all 
animals, 

b) hippocampus, thalamus, and the roof of the fourth ventri
cle, less frequently described, 

c) no pathological alterations in the cerebral (except areas 
subjacent to the rhinal sulcus) and cerebellar cortices and the 
hypothalamus. 
Young rats treated with 10-25 mg/kg body weight 3-NPA twice 
daily developed hind limb paresis and paralysis.44 The function
al and morphological substrate of this deficit was not identified. 

RELATED TOXIC AND METABOLIC DISEASES 

There are similarities between the responses of humans and 
animals to 3-NPA, to methanol/formate, and cyanide (which act 
via a related mechanism), and to inherited fumarase deficiency. 

Methanol Intoxication 

Methanol poisoning bears similarities to intoxication with 3-
NPA. Common features include inhibition of the mitochondrial 
chain (cytochrome c oxidase), the pattern of vulnerability (bilat
eral, symmetric putaminal necrosis), and a profound acidosis 
(not in all species). Dystonia associated with bradykinesia and 
bilateral symmetric putaminal lesions in the CT-scan is a possi
ble consequence of methanol poisoning in humans.45-46 In addi
tion, besides the well-known effect on the retina, anterior horn 
cell necrosis is described in the spinal cord.45 Spasticity has 
been observed in two young patients.47 

Experimental administration to rhesus monkeys of methanol 
— but not of formaldehyde or formate — produces extensor 
rigidity and tremor in association with hemorrhagic striatal 
lesions.48 Management of systemic acidosis does not prevent the 
characteristic damage of the basal ganglia.48 The pathogenesis 
of selective lesions of the optic nerve has been closely linked to 
the effects of formic acid generated from methanol by alcohol 
dehydrogenase.49 Formate inhibits cytochrome oxidase resulting 
in blocked ATP generation.50'51 

Cyanide Intoxication 

Cyanide shuts down the cytochrome oxidase step of the 
electron transport chain producing an immediate termination of 
ATP production. Sublethal cyanide intoxication may be accom
panied by late dystonia, with morphological evidence of striatal 
changes.52"54 

Fumarase Deficiency — an Inherited Human Disease 

Children with a deficiency of the Krebs cycle enzyme 
fumarase show developmental delay, mental retardation, hypo
tonia or spasticity.55"57 Generalized brain atrophy is evident by 
CT-scanning. Gellera and colleagues58 describe a child who suf
fered from partial seizures, permanent gaze deviation, abnormal 
posture of the head, hypotonia and delayed psychomotor devel
opment; later, the abnormal posture was permanent and mild 

axonal dystonia developed. Metabolic acidosis was consistently 
present, deep tendon reflexes were absent, and the CT-scan 
showed diffuse cerebral atrophy. The child died at 7 months. 
Microcephaly, hypomyelination, and islets of cell heterotopia 
(mostly located in the cerebellum, as well as in the parietal and 
occipital areas) were demonstrated neuropathologically. No 
details of basal ganglia morphology were reported. 

OPEN QUESTIONS 

Although much is known about the toxicity of 3-NPA, some 
important theoretical and practical questions are unresolved. 
Four questions arise: 

1. Does 3-NPA induce histotoxic hypoxia? 
2. Is 3-NPA linked to excitotoxicity? 
3. Is there any evidence that 3-NPA induces human diseases 

in places other than China? 
4. Are there other possible links between 3-NPA and human 

disease? 

Does 3-NPA Induce Histotoxic Hypoxia? 

Hamilton and Gould43 suggested that 3-NPA induces "histo
toxic hypoxia" in rats. The term describes brain damage due to 
failure of energy metabolism alone.59 Based on their experience 
with experimental cyanide intoxication, Brierley and 
colleagues59"61 strongly criticized the concept of "histotoxic 
hypoxia." These authors considered hypotension to be essential 
for the development of brain damage in cyanide-treated rats and 
Macaca mulatto. In the primate, they saw white matter involve
ment and "ischemic" neuronal alterations in the striatum (one 
animal). The latter were attributed to "major circulatory compli
cations." Therefore, they concluded that no evidence exists for 
hypoxic damage of a purely histotoxic type in this model. In a 
study with rats,60 they further stated that "cyanide can damage 
neurons only through the medium of secondary effects on circu
lation and respiration." Brierley postulated that "the distribution 
of a putative neuronal damage due to histotoxic hypoxia could 
only be defined if the brain were perfused artificially at a con
stant pressure with blood containing cyanide but of normal oxy
gen and carbon dioxide content and pH."61 Hamilton and Gould 
addressed these questions in a second paper:37 they showed in 
the rat that systemic change of blood pressure and hypoxia is 
not a contributing factor in NPA intoxication. Even though pH 
and bicarbonate were characteristically altered, the acidosis was 
slight compared with the changes Brierley had observed during 
his experiments. Hamilton and Gould37 argued that although the 
acidosis might contribute to the morphology, it is unlikely to 
explain the pattern of tissue vulnerability. They could not 
exclude the possibility that regional changes of blood pressure 
contributed to their findings and also noted a few platelet 
microthrombi in brain regions susceptible to morphologic 
injury. Immunohistochemistry of 3-NPA rats37 showed exten
sive albumin extravasation in animals with severe brain lesions. 
In mildly affected rats, extravasation was absent or limited to 
small cuffs around individual capillaries. The authors concluded 
that leakage of protein-rich fluid is not responsible for reduction 
of tissue change but may contribute to the severity of damage in 
major lesions. 

In conclusion, 3-NPA intoxication of rats results in morpho
logically defined brain damage which is unlikely to be influ-
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enced by systemic changes of blood pressure and only accompa
nied by mild acidosis. Regional changes are not ruled out, and a 
possible additional role of methemoglobinemia needs to be 
investigated. However, there is strong evidence to suspect that 
3-NPA induces neuronal damage directly if not by histotoxic 
hypoxia. 

Is 3-NPA Linked to Excitotoxicity? 

Hamilton and Gould3 7 4 3 reported a "laminar pattern of 
injury in the hippocampus" comparable to that induced by sub
cutaneous injection of the excitotoxin kainate.62 The presence of 
selective dendrosomatic swelling in mice,41 and the extreme 
"ballooned swelling" of neurons in rats, also recalled the fea
tures of an excitotoxic injury. 

These observations antedate by many years the observation 
of Henneberry and colleagues63-64 who established a relation
ship between excitotoxicity and energy transformation. A priori, 
ATP is required to restore ionic and water balance in nerve cells 
depolarized by the action of a neurotransmitter such as gluta-
mate. In practice, a variety of experimental maneuvers designed 
to depress ATP greatly increases neuronal vulnerability to 
endogenous excitotoxins. Moreover, nerve cells become vulner
able to injury from the depolarizing effects of excitatory neuro
transmitters, and associated pathological changes are blocked by 
glutamate receptor antagonists. A comparable approach could 
be employed with 3-NPA. 

Does 3-NPA Induce Neurological Diseases in Humans in 
Places Other Than China? 

Humans are more likely to come into significant contact with 
3-NPA from mycotoxins rather than from plants. 3-NPA is pro
duced by certain strains of Aspergillus flavus and has been iso
lated in cultures with a yield of approximately 100 mg from 6 
liters.65 Nakamura and Shimoda66 identified 3-NPA among the 
metabolites of Aspergillus oryzae, 3-NPA is also a metabolite of 
certain strains of Penicillium atrovenetum; the maximum yield 
in one study67 was 350 mg/1 culture. Prior to recent Chinese 
reports,4"8 the production of 3-NPA by Arthrinium sacchari, 
saccharicola or phaespermum was unknown. Arthrinium spp. 
are cosmopolitan; A. phaespermum is very common on bam
boos, reeds, and many other substrates. A. saccharicola and sac
chari are described on sugar cane, grasses, and fruits. Anzai and 
Suzuki68 found 3-NPA on Streptomyces spp. 

Although Chinese authors were the first to link primary 
nitrocompounds with human neurological disease, several 
authors had previously described contamination of human food 
with mycotoxins containing 3-NPA. Iwasaki and Koskowski69 

showed that various strains of Aspergillus oryzae produced 1-
111 mg 3-NPA per liter culture. These strains grew well on 
cheese curds, soybeans, and peanuts. After 5 days, the cheese 
curds contained 427 mg/kg or 203 mg/kg 3-NPA. Soybean and 
peanut contained a maximum of 10-15 mg/kg 3-NPA. Kinosita 
et al.70 collected samples of popular (often home-made) fer
mented Japanese foodstuffs from local stores ("miso," ferment
ed soy bean paste, "katsuobushi," fermented dry bonitos, and 
starters for their fermentation process). On 24 samples, 21 toxic 
strains were identified of which many produced 3-NPA. A 
cycad miso from Oomi-Ooshima contained an unidentified fun
gus which produced 3-NPA (0.2 mg/ml). 

Other Possible Links Between 3-NPA and Human Disease 
After the discovery of He 4 6 and Liu,8 the observations made 

in the 1920's by Woods and Pendleton71 deserve attention in a 
new context: the authors described an acute degenerative striatal 
disease in 14 Chinese children and adults after a winter of 
famine (1920-1921). "Villagers subsisted on poor quality of 
maize, which they say was somewhat fermented." Three fami
lies were involved, all of whom had close social contact with 
each other. Health problems included "sudden giving way of the 
lower limbs, speech defects, convulsive siezures in some and 
disturbances of automatic associated movements in others." In 
one subject, weakness of forearm and small hand muscles was 
observed. The disease onset was characterized by lethargy and 
sleepiness. Later, in some patients, choreoathetotic and dystonic 
movements appeared. Pathological examination of a single sub
ject revealed "mild hydrocephalus, fibrillar glial proliferation 
around areas of softening, and a general increase of glial cells. 
There was widespread ganglion cell necrosis (most intense in 
the substantia nigra and the lower levels of the striate body)" . . . 
"The cytoplasm was vacuolated, often contained neurophages 
and there was lipid pigment in and around degenerated cells." 

In 1938, Verhaart72 suspected a toxic causation for symmetri
cal neostriatal degeneration in 6-8 month-old breast-fed Chinese 
children. "At that age breast feeding usually begins (in Batavia) 
to be insufficient." Pathologically, he observed "generalized or 
localized rarification of the tissue of the caudate nucleus and the 
putamen . . . with proliferation of the macroglia." The neu
rons in all cases were scanty, the microglia increased, and the 
oligodendrocytes swollen. "To a lesser extent the same changes 
were found in the globus pallidus, especially at the border of the 
putamen, the corpus subthalamicus and the red nucleus and the 
corpora quadrigemina in some cases." 

SUMMARY 

The foregoing provides for a strong rationale to examine the 
question of whether the acute and chronic animal diseases 
induced by 3-NPA have their counterpart in the human species. 
3-NPA also represents a useful tool to examine the relationship 
between the enzyme inhibition of SDH, energy decrements, 
excitotoxicity and selective neural damage. Therapeutic 
approaches for the virtually untreatable extrapyramidal hyperki
nesias induced by this compound could be tested in an animal 
model of the 3-NPA-induced neurological disease. 
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