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Purkinje cell toxicity of S-aminopropionitrile in the rat
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Summary. Compounds causing neurolathyrism are puta-
tive aetiological agents in neurodegenerative disorders
including amyotrophic lateral sclerosis. S-Aminopro-
pionitrile (BAPN) is one such compound. We have ad-
ministered this lathyrogenic agent at a dose of 1 g/kg
by the intraperitoneal route in experiments in adult
Sprague-Dawley rats during a period of 10 weeks. The
rats developed marked kyphoscoliosis, ataxia with paral-
ysis and muscle wasting of the hind limbs. Vacuolation
and loss of Purkinje cells developed, but no anterior
horn cell degeneration was noted. Immunohistochemical
studies of phosphorylated neurofilaments and the 72
kDa heat shock protein were normal and no intraneu-
ronal ubiquitinated inclusions were seen. High-dose in-
traperitoneal BAPN in the rat causes Purkinje cell
changes, but no other central nervous system abnormali-
ties.
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Introduction

p-Aminopropionitrile (BAPN) is a toxic compound
found in certain species of Lathyrus, particularly sweet
pea, singletary pea and caley pea (Rao ct al. 1964). The
compound is teratogenic in fetal rats (Simpson et al.
1987) and because of its effects on collagen metabolism,
it has been used as an experimental lathyrogen (Selye
1957; Simpson et al. 1987). BAPN and the metabolically
and structurally related compound S-N-oxalyl-L-«,f-dia-
minopropionic acid (BOAA) have been implicated in
the development of neurolathyrism (Rao etal. 1967;
Roy et al. 1985; Spencer 1987), although recent evidence
(Spencer et al. 1986) suggests that the latter compound
is much more neurotoxic than BAPN itself. We have
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studied the effects of intraperitoneal BAPN in the rat
in order to address its potential neurotoxicity.

Materials and methods

One-month-old female Sprague-Dawley rats were maintained sin-
gly or in pairs on a standard diet. The animals were weighed and
examined daily. Seven animals were innoculated using the intraper-
itoneal route for 5 days a week with BAPN, as the fumarate (99%
purity; Sigma, Poole, Dorset, UK), in doses of 1000 mg/kg. This
dose represents a dose equivalent to 20% of the LDs, in rats
of this age and weight (Wiley and Joneja 1976). This dosage regime
was continued for 10 weeks. Seven control animals were treated
with equal volumes of intraperitoneal saline. The rats were killed
immediately after the end of the experiment by perfusion fixation
with 2.5% glutaraldehyde under deep benzodiazepine anaesthesia.
Muscle, brains and spinal cords were removed after fixation and
post-fixed in formol saline to permit immunohistochemical studies.

Serial sections were taken through the cerebrum, cerebellum,
spinal cord, muscle and nerve roots. Cerebellar sections were also
taken in the sagittal and horizontal planes in some animals to
determine the distribution of Purkinje cells (Fabregues et al. 1985;
Ghetti et al. 1985). Tissue was processed from post-fixation in for-
mol saline to paraffin wax in the usual manner. Serial sections
for light microscopy were cut at 5 um and stained using haematoxy-
lin and eosin (H&E), luxol fast blue/cresyl violet, periodic acid-
Schiff (PAS) and the Glees and Marsland silver impregnation meth-
ods.

Sections for immunohistochemical studies were cut at 5 pm.
A standard indirect immunoperoxidase method was used for each
antibody (Sternberger 1979). Positive and negative controls were
included in which the pattern of staining was known, e.g. sections
known to contain ubiquitinated inclusions in anterior horn cells
in a case of amyotrophic lateral sclerosis (ALS) (Leigh et al. 1988)
and negative controls in which the primary antibody was omitted
were included in the histological series. Blocking with normal se-
rum was performed as a control procedure. Sections were incubat-
ed with primary antibody overnight at 4° C [except glial fibrillary
acidic protein (GFAP) which was incubated for 1 h at room tem-
perature].

The pattern of staining with the following antibodies was stud-
ied:
1. mAb 147, a monoclonal antibody with specificity in normal
tissue for the highly phosphorylated 210 kDa neurofilament protein
which is found in axons but not neuronal cell bodies (Anderton
et al. 1982). Diluted 1 in 1.
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2. RT 97, a monoclonal antibody with specificity similar to mAb
147, but which also recognises the neurofibrillary tangles in Alz-
heimer’s disease (Anderton et al. 1982). Diluted 1 in 1000.

3. Anti-GFAP, a commercially available monoclonal antibody ra-
ised against the bovine glial protein (Dako, UK). This antibody
demonstrates astrocytes, but not neurons or microglia. Diluted
1 in 250.

4. Anti-ubiquitin, an affinity-purified polyclonal antibody (Leigh
et al. 1988) which demonstrates accumulations of ubiquitin such
as those found in association with neurofibrillary tangles in Alz-
heimer’s disease, intraneuronal inclusions in ALS, and other cellu-
lar inclusions (Leigh et al. 1988; Manetto et al. 1988). Diluted t
in 1000.

5. Anti-72 kDa heat-shock protein (HSP), a commercially available
monoclonal antibody raised against the purified protein (Ash-
burner and Bonner 1979; Bond and Schlesinger 1985) (Amersham,
UK). Diluted 1 in 800.

Results
Clinical features

Rats in groups treated with BAPN developed a severe
kyphoscoliosis, with ataxia and muscle wasting. Their
hind limbs were extended with atrophic weak muscles.
These abnormalities were not seen in control animals,
X-rays films of the rats, taken at the end of each experi-
ment, showed that the bone deformities of osteolathyr-
ism were prominent in every BAPN-treated rat (Fig. 1).
There was hyperostosis, especially in the femur and hu-

Fig. 1. Radiographs of control
(A) and S-aminopropionitrile
(BAPN)-treated (B) rats. In the
treated animal there is generalised
osteoporosis, bowing of the long
bones, bone cyst formation near
the epiphyses, and a marked
thoracic kyphoscoliosis

merus, with proximal bone cysts. All the treated animals
developed severe kyphoscoliosis.

Macroscopical findings

The gross findings noted above were confirmed. No arte-
rial aneurysms were noted. The cercbral cortex appeared
normal in size in both treated and untreated animals.
There was a pale brown discoloration of the meninges
and central nervous system tissue in all treated animals.
The spinal cord from treated animals was fixed in an
undulating double curve, related to the kyphoscoliosis.
There was no necrosis of the cord or haemorrhage into
the spinal canal.

Light microscopy

The first microscopical change was osteoporosis of the
vertebrae and long bones. The cortex of the vertebral
bones was very thin. The trabeculac were also thin and
widely separated from each other by haemopoietic bone
marrow. Similar changes were observed in long bones.
The thickened and cellular periosteum overlaid islands
of vascular connective tissue which contained irregular
areas of intramembranous new bone. The epiphyseal
growth plates were widened and the cartilage cells were
disorganised and irregularly aligned. Columns of carti-
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Fig. 2. Normal Purkinje cells in
the cerebellar vermis of a control
animal. Glees and Marsland,

x 400

Fig. 3. Empty baskets in the cere-
bellar vermis of an animal treated
with BAPN. Glees and Marsland,
x 400

Fig. 4. Vacuolation of a Purkinje
cell and reactive glial cells (ar-
rowed) in the cerebellar vermis of
an animal treated with BAPN.
Glees and Marsland, x 500
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lage cells frequently extended deeply into the metaphysis,
so that the boundary between metaphysis and epiphysis
was irregular. The bodies of the vertebrae at the level
of the kyphoscoliosis showed severe wedging and osteo-
porosis, with no signs of new bone formation. Large
masses of fibrous tissue were observed adjacent to and
between the vertebrae, so that the intervertebral discs
were distorted and narrowed. No aneurysmal dilatation
of arteries was noted.

No abnormalities in the cerebral cortex were seen in
treated animals or in controls. The spinal cord was nor-
mal in all rats, with no evidence of axonal damage sec-
ondary to cord compression in treated animals. The cere-
bellar cortex was of normal thickness in all animals.
The molecular layer appeared normal. In treated rats
there was an increase in the number of “empty baskets™
where basket cells formed processes around an area in
which no Purkinje cells were present (Figs. 2, 3). Focal
areas of Purkinje cell loss were seen in the vermis, with
a reactive astrocytosis and microglial cell activation.
Elsewhere in the cerebellum the Bergman glial layer was
normal and the granular layer showed no abnormalities.
Occasional Purkinje cells in BAPN-treated cells showed
vacuolation of their cytoplasm, especially in the vermis
(lobules I-I11, IX and X) (Fig. 4). Affected cells showed
no positivity with PAS methods or abnormal structures
in silver impregnations. The content of the vacuoles was
not demonstrated by any histochemical method used.
The nerve roots were normal and the muscle, despite
apparent wasting clinically, showed normal muscle fibres
with no features of neurogenic atrophy or fatty replace-
ment.

Immunohistochemistry

Staining for phosphorylated neurofilament epitopes with
mAb 147 and RT97 showed no abnormalities. No axonal
swellings were seen, and no abnormal perikaryal staining
was present. No staining for ubiquitin was present in
cortical or anterior horn cells. No staining for HSP72
was seen. The GFAP preparations showed a normal
complement of astrocytes, with decoration of the reac-
tive astrocytes in the cerebellar vermis of treated ani-
mals. No abnormal staining of Purkinje cells was seen
using any antibody.

Discussion

The severe skeletal abnormalities observed in the BAPN-
treated rats are similar to those reported by others (Pon-
seti and Baird 1952; Selye 1957; Coulson et al. 1969).
The molecular basis of BAPN-induced osteolathyrism
depends on its tendency to bind lysyl oxidase, the en-
zyme that initiates cross-linking in both collagen and
elastin formation (Simpson et al. 1987). The dose of
BAPN administered in our experiments was 20% of the
LDs,. BAPN has been shown to accumulate rapidly
in brain and cartilage in the rat (Waddell et al. 1974).
BAPN is found in the Lathyrus species of sweet pea,
singletary pea and caley pea (Rao et al. 1964), and has

been implicated in human and experimental lathyrism
(Rao et al. 1964, 1967; Roy et al. 1985). BAPN is terato-
genic in rats and has been suspected to be neurotoxic
(Selye 1957; Mato and Uchiyama 1974; Roy et al. 1985;
Martyn 1987; Simpson et al. 1987). BAPN is closely re-
lated to BOAA, a possible cause of neurolathyrism and
perhaps of certain neurodegenerative disorders such as
Guamanian motor neuron disease (Spencer 1987;
Spencer et al. 1987; Martyn 1987). More recent studies
have suggested that BOAA and cycad neurotoxin f-N-
methylamino-L-alanine (BMAA) are more neurotoxic
than BAPN itself (Nunn ectal. 1968; Seawright et al.
1990). Ultrastructural abnormalities induced by BAPN
are similar to those produced by BMAA (Olney et al.
1976; Seawright et al. 1990).

BAPN is known to cause defects in Schwann cell bas-
al lamina in cell culture (Okada and Bunge 1981; Nino-
miya and Kobayashi 1985). However, the clinical rele-
vance of this finding is unknown. This class of com-
pounds is also known to chelate copper, zinc and nickel
(Nunn et al. 1989). Ultrastructural abnormalities have
been described in the cerebellum of the rat following
administration of BAPN (Mato and Uchiyama 1974),
with the appearance of lamellar structures in Purkinje
cell cytoplasm. In the latter study, however, the dosage
of BAPN was lower than in our experiments, and the
drug was administered orally rather than by intraperi-
toneal injection. The ultrastructural changes included
proliferation of the Golgi apparatus and the appearance
of membranous sacs, stacked to form lamellar structures
(Mato and Uchiyama 1974). In our light microscopical
study we noted intracytoplasmic vacuoles in Purkinje
cells, but these vacuoles did not stain with any of the
methods employed, suggesting loss of contents during
processing of the tissue, or a fluid composition.

Lamellar structures within Purkinje cells very similar
to those induced by BAPN (Mato and Uchiyama 1974)
have also been seen at electron microscopy after treat-
ment with BMAA (Seawright et al. 1990) and similar
structures have been described in studies of drug and
bilirubin toxicity (Snider and Del Carro 1967; Schutta
and Johnson 1967; Jung and Suzuki 1978). These struc-
tures are thought to represent cisterns of the Purkinje
cell endoplasmic reticulum (Seawright et al. 1990). The
72 kDa HSP plays an essential role in the transport
of proteins across intracellular membranes, in particular
the endoplasmic reticulum (Lindquist and Craig 1988).
No localised staining for HSP72 was found in Purkinje
cells, suggesting that although the endoplasmic reticu-
lum is reduplicated, the associated wheat shock response
is not an aggregated or particulate response as in the
“stress granule” formed in reaction to repeated heat
shock to cells in culture (Neumann et al. 1987; Collier
et al. 1988) or in endothelial cells in vivo in aluminium
toxicity (Martin et al. 1991). Ubiquitin is another stress
protein that plays a role in the degradation of normal
and abnormal proteins via non-lysosomal pathways
(Bond and Schlesinger 1985). Ubiquitinated inclusions
are scen in the brain and spinal cord in ALS (Leigh
et al. 1988) and in other disorders in which certain types
of intracellular inclusions are seen (Mannetto et al.



1988). No ubiquitinated inclusions were seen in our
BAPN-treated rats. The nature of the cellular damage
caused by BAPN must therefore be of a type that does
not provoke up-regulation or aggregation of ubiquitin
or HSP 72.

BMAA, unlike BAPN, causes Purkinje cell changes
with vacuolation of the granular cell layer and of the
cerebellar roof nuclei (Seawright et al. 1990). BOAA is
a compound derived from Lathyrus sativus (Rao et al.
1964). BOAA is an excitatory neurotoxin and convulsant
agent resembling glutamate in structure, which is also
structurally and metabolically related to BAPN (Rao
et al. 1964; Olney et al. 1976). This compound causes
brain and retinal damage (Olney et al. 1976) and a flac-
cid paraplegia with neuronal degeneration in rhesus
monkeys when administered intrathecally (Rao et al.
1967). The changes seen after administration of BOAA
or BMAA however, are more marked and more typical
of an excitatory neurotoxin than the changes induced
by BAPN.

In BAPN-treated rats the presence of focal Purkinje
cell loss in the cerebellum is unlikely to be responsible
for the marked motor system abnormalities seen clini-
cally. The lack of abnormality in the central nervous
system outside the cerebellum after BAPN administra-
tion raises the possibility that abnormalities of muscular
function might have been due to peripheral neuropathy.
However, no histological abnormalities were found in
peripheral nerves or muscles. Indeed, the forelimbs were
relatively unaffected, and it is therefore probable that
the weakness was due to the kyphoscoliosis and distal
skeletal deformities, resulting in a functional rather than
a morphological disturbance.
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