Environmental Hydrocarbons Produce Degeneration in

Cat Hypothalamus and Optic Tract

Abstract. 2,5-Hexanedione, the principal neurotoxic metabolite of the industrial
solvents n-hexane and methyl n-butyl ketone causes axonal degeneration in the
mammillary body and visual nuclei of cats. Prolonged, low-level exposure to hydro-
carbons in the environment may cause premature deterioration in areas of the hu-
man brain vital for perception and behavior.

Aliphatic hydrocarbons such as n-hex-
ane are widely deployed in the environ-
ment and are known to produce axonal
degeneration in the distal parts of periph-
eral nerves (distal axonopathy) in man
and experimental animals (/-3). An ex-
perimental study with n-hexane demon-
strated that distal axonal degeneration
also occurs in the spinal cord and brain-
stem of the central nervous system
(CNS) concomitantly with the changes in
the peripheral nervous system (PNS) (4).
The weakness and sensory loss associat-
ed with the peripheral nerve changes
(neuropathy) mask the signs of the CNS
degeneration which probably accom-
pany most human toxic neuropathies.
After removal from the toxic environ-
ment, the PNS axons usually regenerate
whereas many of the CNS changes are
permanent. This permits the individual
to recover muscle strength and sensation
but may leave spasticity associated with
irreparable damage to spinal tracts (5).

In our study, which was stimulated by
reports of diminished vision (6) and
memory (7) in human n-hexane in-
toxication, we used 2,5-hexanedione to
produce distal axonal degeneratiort in
cats (8). 2,5-Hexanedione, the putative
neurotoxic metabolite of both n-hexane
and methyl n-butyl ketone (9), was used
because it is readily soluble in water and
lends itself to prolonged, low-level ad-
ministration that resembles the situation
of human exposure.

Intoxicated animals developed in-
sidiously an unsteady gait and distal
weakness in the lower extremities after
60 to 75 days. Further intoxication re-
sulted in a progressive symmetrical
weakness with foot drop in all ex-
tremities. By the time of perfusion, ani-
mals were quadriparetic and unable to
walk. Visual loss, abnormal pupillary re-
flexes, nystagmus, titubation, or hoarse-
ness were not noted.

The evolution of hydrocarbon-induced
feline giant axonal degeneration was sim-
ilar to that described in previous studies
from this laboratory (2). The character-
istic morphological changes were abnor-
mally large fibers with swollen axons dis-
playing abnormal accumulations of 10-
nm neurofilaments, and myelin sheaths
inappropriately thin for their axon diam-
eter. Axonal swellings were present in
the rostral gracile, dorsal spinocerebel-
lar, and caudal corticospinal tracts in the
early stages of intoxication and evolved
concomitantly with changes in the PNS.
Advanced changes consisting of distal fi-
ber disintegration were present in the
tracts at the time of perfusion. In con-
trast, early axonal swellings were pres-
ent throughout the mammillary bodies
(Fig. 1a), the lateral geniculate body and
distal optic tract, and the superior colli-
culus. Necrosis, macrophage accumula-
tion, and hemorrhage did not accompany
the degenerative process. The optic
nerves, vestibular nuclei, dorsal medial

thalamic nuclei, and inferior colliculi
were comparable to those of control ani-
mals. The transsynaptic neuronal break-
down seen at an advanced change in the
gracile nucleus was not detected in these
loci (10). Despite the enlargement of ter-
minal axons in the mammillary and visu-
al nuclei, synaptic complexes remained
intact.

We now demonstrate that a neurotoxic
hydrocarbon causes widespread axonal
degeneration in the mammillary body,
lateral geniculate nucleus, and superior
colliculus of intoxicated cats. Since this
change occurred concomitantly with ax-
onal swellings in the distal optic tract
with preservation of the more proximal
optic nerve, these phenomena are best
interpreted as further examples of the
distal (dying back) axonopathy seen else-
where in the PNS and CNS of these ani-
mals (3). The differential vulnerability of
nerve tracts is proved to be related di-
rectly to the length and diameter of the
composite axons (2). The earlier and
greater changes seen in spinal cord path-
ways relative to those seen in the hypo-
thalamic and visual nuclei correlate well
with the relative shortness and small fi-
ber size of the retina-geniculate and hip-
pocampus-mammillary pathways pre-
sumably involved in this process.

The changes in mammillary body and
optic tract are probably the pathological
correlates of the alterations in memory
and vision that have been infrequently
reported in human n-hexane neuropathy.
Degeneration of the human mammillary
bodies may also result from thiamine
deficiency (Wernicke’s disease) and has
been proposed as one of the lesions asso-
ciated with the loss of recent memory
that characterizes the Wernicke-Korsa-
koff syndrome (/1). Indeed, the distribu-
tion of the changes evoked by 2,5-hex-
anedione is strikingly similar to some of

Fig. 1 (a) Section from the mammillary body of a cat intoxicated with 2,5-hexanedione for 69 days. Axons (4) with abnormal accumulations of
neurofilaments are prominent. The neuron cell body and other neurites appear unremarkable. (b) Mammillary body from control animal with
axon (A) with normal complement of neurofilaments and normal-appearing neuron (N). Scale bars, 1 um.
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those described in human and experi-
mental Wernicke’s disease where the
mammillary bodies, anterior cerebellar
vermis, gracile nuclei, and peripheral
nerves are involved. It seems unlikely
that 2,5-hexanedione damages these
areas because of an induced thiamine
deficiency, since many of the principal
abnormalities of Wernicke’s disease
(macrophage response and periaque-
ductal and periventricular degeneration)
were not present.

Pathological changes in visual -nuclei
and mammillary bodies probably accom-
pany many human toxic neuropathies of
the distal axonopathy type, yet there has
been scant documentation of visual or
mental state deterioration. Two factors
may explain this discrepancy. (i) Few of
the clinical reports included detailed
analysis of visual function (none has re-
ported visual evoked responses) or serial
mental status evaluation. (ii) Many of the
case reports involved short, high-level
exposures and the clinical manifestations
were mild and readily reversed (/).

The importance of these findings may
lie in the field of public health. n-Hexane
is widely used as an industrial solvent
and is one of the many hydrocarbon
components of gasoline. From this study
it seems likely that prolonged, low-level
industrial or environmental exposure to
n-hexane or to the other environmentally
prominent compounds that evoke distal
axonopathy (acrylamide, carbon disul-
fide, cresyl phosphate) will provoke
subtle changes in areas of the nervous
system which may be vital to memory
and vision. As the neuronal function and
population decline in the course of the
normal aging process, individuals ex-
posed to such compounds might experi-
ence premature or accelerated deteriora-
tion in vision and mentation.

Note added in proof: Pilot studies
have shown that acrylamide monomer, a
chemical widely used in the plastic in-
dustry, also produces in rats distal axo-
nal degeneration in the hypothalamus, op-
tic tract, and anterior cerebellar vermis
concurrent with a peripheral neuropathy.
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Estrogen Formation in the Early Rabbit Embryo

Abstract. Androgen formation (3B-hydroxysteroid dehydrogenase activity) was de-
tectable in the rabbit blastocyst on day 5 of gestation (before implantation); estrogen
formation was first detectable on day 7. The capacity to form estrogen on the day of
implantation suggests that estrogen formation in the blastocyst may play a role in

the implantation process.

Indirect evidence suggests that estro-
gen action is involved in establishing di-
rect contact between mother and embryo
at implantation. In the rat, progesterone
and estrogen in the maternal circulation
are required for the initiation of blasto-
cyst implantation, and estrogen appears
to facilitate implantation even in species
(such as the rabbit) that apparently lack
an absolute requirement for maternal es-
trogen (I). The observation that anties-
trogen inhibits implantation in intact
(2) and ovariectomized, progesterone-
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treated rabbits (3) suggests that small
amounts of estrogen are essential even in
this species. Although the origin of estro-
gen for implantation of the blastocyst in
the ovariectomized rabbit has not been
defined, embryos of several species are
capable of a variety of steroid hormone
transformations before and after implan-
tation (¢-6). On the basis of histochemi-
cal studies of 38- and 178-hydroxysteroid
dehydrogenase (E.C. 1.1.1.51) activities
and the measurement of estradiol con-
tent in rabbit blastocysts, Dickmann et

Fig. 1. Developmental pattern of 33-hydroxy-
steroid dehydrogenase activity in the early
rabbit embryo. Rabbit blastocysts and early
embryos with membranes were recovered at
various times during gestation and incubated
in the presence of 5 uM [7-*H]dehydroepi-
androsterone (30 c¢/mmole) for 2 hours at
37°C. At the end of the incubation, the
reactions were stopped with chloroform;
methanol (in a ratio of 2:1) and the reaction
products, androstenedione and testosterone,
were isolated and quantified (8). Six to eleven
embryos (days 4 and 5), three embryos (day
6), or one embryo (days 7 to 11) were used for
each determination. The data are presented as
the mean = the standard error of the mean for

the number of determinations shown in parentheses, with the exception of day 4, which is a
single determination, and day 5, which is the mean with the range of two observations. The
arrow indicates the approximate time of implantation.
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