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Neuronal degeneration in the striatum of the groggy rat: A new mutant with a movement disorder

I. K. Takeuchi and Y. K. Takeuchi?®

Department of Embryology, Institute for Developmental Research, Aichi Prefectural Colony, Kasugai, Aichi 480-03, and
¢ Anatomical Laboratory, Gifu College of Medical Technology, Seki 501-32 (Japan) '

Received 15 January 1991, accepted 21 March 1991

Abstract. A new mutation displaying abnormal movement was obtained in the progeny of a female Wistar rat which
had been given 10 mg/kg methylnitrosourea at an early stage of the gestational period. Genetic studies revealed that
the character is inherited by an autosomal single recessive gene, and we designated this mutation groggy (gene symbol
gr). The abnormal movement of the groggy rat was first apparent around postnatal day 15, while the histological
studies revealed the appearance of numerous necrotic neurons in the striatum of the groggy rat on postnatal days

60 and 120.

Key words. Neurological mutant; movement disorder; striatum; neuronal degeneration; Wistar rat.

Numerous mutations with neurological abnormalities
have been reported in mice. In rats, however, very few
neurological mutants have yet been described. In the
course of studying the effects of methylnitrosourea ad-
ministration to pregnant rats in terms of the development
of the progeny, a new mutation was obtained displaying
movement disorder. In the present study, the clinical and
genetical features of this mutant rat are first described;
thereafter, results of histological examination of the
brain are reported.

Materials and methods

Origin of animals. A female Slc:Wistar rat was given
10 mg/kg methylnitrosourea intraperitoneally on gesta-
tional day 4 (the onset of pregnancy was designated ges-
tational day 0). This mother bore 5 normal-appearing
offspring (2 males and 3 females). These animals were
randomly mated and one female gave birth to 7 offspring
among which 3 animals (2 males and 1 female) displayed
the same pattern of movement disorder. Then, one of the
abnormal males was paired with the abnormal female,
and all the offspring obtained from this pair displayed
the same pattern of movement disorder. Further breed-
ing is performed in 2 ways. Pedigreed stock is maintained
by brother-sister-mating. The mutants used for the ex-

periments are produced by mating homozygous males
with heterozygous females, since the offspring of the ho-
mozygous females mated with homozygous males be-
come dirty owing to the creeping movement of the moth-
er during forstering.

Histological study. On various postnatal days males of
the mutant rats were deeply anesthetized by ethyl ether,
and killed by a cardiac perfusion with 10% formalin
after the blood vessels had been flushed out with physio-
logical saline. After perfusion, the brains were quickly
removed, bisected coronally, and fixed with Bodian II
solution for 24 h. They were then dehydrated with an
ethanol series and embedded in paraffin wax. For the
control, normal rats of the Slc:Wistar strain were sacri-
ficed and their brains were embedded in paraffin wax by
the same methods. Coronal sections 810 yum thick were
stained with cresyl violet before light microscopic exam-
ination.

Count of necrotic neurons in the striatum. The number of
necrotic neurons appearing in the striatum of the
Slc:Wistar and the mutant rats during postnatal growth
was counted in the coronal section of the caudate nucleus
cut at the plane approximately corresponding to FIG.
A29 of Craigie’s Neuroanatomy of the Rat!. Five males
were examined on each selected postnatal day, and statis-
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tical analysis was performed using the Mann-Whitney U
test.

Results

Clinical features and genetic observations. The abnormal
movement of the mutant rat first becomes apparent
around postnatal day 15. Initial clinical signs are an am-
bulation with dragging hindlimbs (fig. 1), and a frequent
twisting of hindlimbs during locomotion (fig.2). On
postnatal day 20, the animals become less active, and
frequently lie on their side with the hindlimbs extending
(fig. 3). Their locomotion is unstable owing to the stiff

Figure 1. A groggy rat on postnatal day 15 showing ambulation with
dragging hindlimbs.

Figure 2. Twisting of the hindlimbs during locomotion of the groggy rat.
Postnatal day 15.

Figure 3. A groggy rat lying on his side with the hindlimbs extending.
Postnatal day 20.
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movement of hindlimbs (fig. 4), and they frequently top-
ple over (fig. 5). Thereafter, the symptoms become stable.
Weight gain of the affected rats is somewhat retarded,
and the average body weight of mutant rats on postnatal
day 60 (235.0 g in male) is significantly reduced as com-
pared with the normal littermates (345.0 g in male)
(p < 0.001, by Mann-Whitney U test).

All F, offspring obtained from the mating of mutant rats
with normal Wistar rats displayed normal movement
throughout life. In 341 F, animals from F; x F, mating,
87 displayed abnormal movement and the remaining 254
were normal, a close approximation of the expected value
of 85.25:255.75 for 1:3 segregation (table 1). Of 506 off-
spring from backcross mating of F, animals to ho-
mozygous parents, 234 animals showed the abnormal
phenotype, while the remaining 272 animals were nor-

Figure 4. Stiff movement of hindlimbs during locomotion of the groggy
rat on postnatal day 20.

Figure 5. The groggy rat topples over during locomotion. Postnatal day
0.

Table 1. Segregation of affected animals in F, offspring after intercross
of F, heterozygotes derived from crossing mutant rats and normal Wistar
rats

Affected Unaffected Total
Number of progeny 87 254 341
Expected value 85.25 255.75 341

for 1:3 segregation

0.95 < p < 0.90 (3 test).
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Table 2. Segregation of affected animals in backcross of F, het-
erozygotes with mutant parents
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Table 3. Number (mean + SD) of necrotic neurons in the caudate nuclei
(C.N.) of the Slc:Wistar and the groggy rats

Affected Unaffected Total
Number of progeny 234 272 506
Expected value 253 253 506

for 1:1 segregation

0.80 < p < 0.70 (x* test).

Figure 6. Brains of the groggy (right) and the normal Wistar (Jef?) rats on
postnatal day 120. The cerebellum of the groggy rat is slightly reduced in
size as compared to that of the normal Wistar rat.

mal. The deviation from the expected value for 1:1 segre-
gation of 253:253 was not significant (table 2). Thus, the
character is considered to be inherited by an autosomal
single recessive gene, and we designate this mutation

groggy (gene symbol gr).

Postnatal Slc:Wistar rat Groggy rat
day Right C.N. Left C.N. Right C.N. Left C.N.
10 - - 0 0
15 - - 0 0
20 02+04 0613 0 0
30 t2+18 22429 26+38 36+25
40 30+£28 48144 16+13 24436
60 08+13 16417 39.2+332*  56.0 + 53.2*
120 16+3.6 18+1.6 65.6 + 65.7*  68.8 + 86.3*

® p < 0.01 compared with respective Slc:Wistar-rat group.

Gross morphology. Until postnatal day 40, no differences
were discernible between the brains of the mutant rats
and those of the normal Wistar rats. On postnatal day 60,
the cerebella of some mutant rats were slightly smaller
than those of the normal Wistar rats. The slight reduc-
tion in the size of the cerebellum was clearly noticed in all
the brains from mutant rats on postnatal day 120 (fig. 6).

Histological observations. No noticeable histological ab-
normalities were found in the brains of the young mutant
rats, whereas numerous necrotic neurons were observed
in the striatum of the mature mutant rats. These necrotic
neurons were intensely and almost homogeneously
stained with cresyl violet in their cytoplasm and nuclei,
and appeared to have shrunk (fig. 7). Table 3 shows the
number of necrotic neurons appearing in the caudate
nuclei of the Slc:Wistar and the mutant rats during post-
natal growth. No necrotic neurons appeared in the cau-

Figure 7. Coronal section of the caudate nucleus of the groggy rat on
postnatal day 60. Numerous necrotic neurons, homogeneously dense and
appearing to have shrunk, are found (arrows) ( x 256).
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date nuclei of the mutant rats up to postnatal day 20. On
postnatal day 30 and day 40, a few necrotic neurons were
found in the caudate nuclei of some of the Slc:Wistar and
the mutant rats. On postnatal days 60 and 120, numerous
necrotic neurons were encountered in the caudate nuclei
of the mutant rats. The number of necrotic neurons
varied not only among the different mutant rats but also
between right and left caudate nuclei in the same mutant
rat (data not shown).

Discussion

Among many kinds of mutant rodents with movement
disorders, to our knowledge only one mutant mouse,
weaver, has been reported as having abnormalities in the
striatum. In the striatum of the weaver mouse, however,
a massive postnatal loss of dopamine, owing to the cell
death of dopaminergic neurons in the substantia nigra
pars compacta, has been reported, but no neuronal de-
generation was described 274, Thus, the mutant rat de-
scribed in this paper, groggy, may be a new kind of
neurological mutant displaying neuronal degeneration in
the striatum.

Although the first noticeable abnormal movement ap-
peared around postnatal day 15 in the groggy rat, the
histological study of the brains during postnatal growth
showed that the onset of the appearance of necrotic neu-
rons in the striatum was around postnatal day 60. This
fact suggests that the neuronal degeneration in the stria-
tum of the groggy rat may not be the primary effect of the
mutant gene, but a secondary one. At present, no obvi-
ous histological abnormalities have been observed in oth-
er regions of the brain of the groggy rat except for the
striatum. Further immunohistochemical studies to iden-
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tify what types of neurons degenerate in the striatum of
the groggy rat may provide some clues for the elucidation
of the real effect of the mutant gene.

In human beings, the occurrence of neuronal degenera-
tion in the striatum has been reported in some extrapyra-
midal disorders such as Huntington’s chorea, striatoni-
gral degeneration, hereditary putaminal (striatal)
necrosis, and infantile bilateral striatal necrosis, but the
precise mechanism of loss of striatal neurons in these
disorders remains obscure®~8, The groggy rat may be a
useful model for studying this problem.
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Abstract. A series of genetic, developmental and environmental variables have been analyzed in a prospective sample
of full-term newborn babies, compatible with their mothers in the major blood group systems, in order to attempt
an evaluation of the effect of these variables on serum bilirubin level during the first few days of life.

Three genetic factors (PGM, , ACP, and ADA) and three non-genetic variables (rise of bilirubin level during the first
day of life, a mother with a history of previous abortion, and use of alcoholic beverages by the mother) have a
significant predictive value for the separation of newborns with clinically relevant jaundice from other infants.
Key words. Neonatal jaundice; genetic polymorphism; risk of hyperbilirubinemia; adenosine deaminase; acid phos-
phatase; phosphoglucomutase.



