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also feeds on bottom dwelling crabs and other crustacea. 
The distribution of  prey governs the movement of pollock:. 
Experiments on fish kept in captivity at Woods Hole have 
shown that pollocks capture their food more by keen sight 
than by scent 5. 
The behavior patterns of these fishes are obviously dif- 
ferent. The yeUowtail and hake are sluggish swimmers and 

are bottom dwellers in adult life. The pollock, in contrast, 
may be found in any part of the water column using its 
keen sight to actively pursue its prey. We conclude that the 
function of these triple cones cannot be deduced based on 
the behavioral patterns of these 3 fishes. It is, however, 
intriguing that many fishes in thee Woods Hole area possess 
this unusual photoreceptor structure. 
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Summary. The sensory organs of skeletal muscles, the muscle spindles, were examined using electron microscopy in 
dy2~/dy 2~ dystrophic mice. Despite widespread damage to the extrafusal (skeletomotor) fibres the intrafusal (spindle) fibres 
appeared normal and seemed resistant to the aetiological factors for murine dystrophy. 

Muscular dystrophy is a term used to describe a variety of  
inherited progressive diseases of  skeletal muscle. In the 
mouse, there exists a muscular dystrophy caused by an 
autosomal recessive gene (denoted dy). This well known 
muscular dystrophy has been extensively studied as it has 
been considered a model for human Duchenne ~,3 and 
extraocular 4 muscular dystrophies because of the similari- 
ties in muscle histology. More recently, a 2nd progressive 
hereditary mouse myopathy has been discovered in which 
neurological abnormalities are also present 5-7. This disease 
is caused by a 2nd allele (denoted dy 2J) at the dy locus. 
Histochemical and morphological studies of extrafusal 

2I  .2J muscle fibres in dy /dy mice have recently been de- 
scribed 8,9. 
Although the pathological changes in murine muscular 
dystrophy are commonly attributed to a primary abnormal- 
ity of the muscle fibres, there is evidence to suggest that 
muscular d),strophy could be attributable to neuronal ab- 

10 12 2J 2J normalities' ,  - particularly in dy /dy mice. This became 
known as the 'neurogenic hypothesis'. Electron microscopi- 
cal studies of  the richly innervated sensory organs of 
skeletal muscles, the muscle spindles, in 129 ReJ dy/dy 
dystrophic mice have shown that, contrary to expectation, 
they appear normal. Consequently, partial rejection or 
modification of the neurogenic hypothesis was proposed ~3. 
The present study was undertaken to establish whether 
there are any ultrastructural changes detectable in the 
intrafusal fibres in muscle spindles of dy2JIIdy 2J dystrophic 
mice. Any evidence suggesting that intrafusal muscle fibres 
are capable of resisting the pathological processes that 
induce changes in the extrafusal fibres would be of consid- 
erable interest. 
Specimens of extensor digitorum longus muscles were 
obtained from 6 clinically affected dy2J/dy 2J dystrophic 
mice at 3 months of age and from 6 non-litternaate controls 
and prepared for electron microscopy as described pre- 
viously 13;14. 15 spindles were found in dystrophic muscle. 
Ultrathin sections were cut from the spindles at intervals 

along most of their lengths. Some spindles were also 
examined in longitudinally-cut sections. 
The dystrophic spindles contained an average of  4 intra- 
fusal fibres ranging from 3 to 7 fibres. Nuclear bag fibres 
contained up to 3 nuclei and a peripheral rim of myofi- 
laments in each equatorial cross section and could be 
clearly differentiated from the narrower and shorter 
nuclear chain fibres which contained singly occurring cen- 
tral nuclei. Both the major types of intrafusal fibre con- 
t a ined  numerous myofilaments in their polar regions. 
Nuclear bag fibres tended to contain confluent masses of 
myofilaments interspaced with relatively infrequently oc- 
curring mitochondria of variable size. In a few nuclear bag 
fibres the mitochondria were of more regular size and more 
evenly dispersed throughout the fibre cross sections. These 
2 types of nuclear bag fibre correspond to those previously 
designated as types 2 and 3 respectively 13'15. Nuclear chain 
fibres contained groups of myofilaments which formed 
relatively discrete myofibrils often separated by numerous 
mitochondria. In both nuclear bag and nuclear chain fibres 
the number of myofilaments was markedly reduced in their 
equatorial regions compared with their polar regions. 
Numerous dilated terminal cisternae of triads typical of 
those previously reported in the mouse 12 and in other 

216 species were also found. 
Satellite cells were found lying between the basement 
membrane of  the intrafusal fibres and their plasma mem- 
branes. They seemed inactive because their relatively small 
amounts of cytoplasm contained few ribosomes and little 
rough endoplasmic reticulum, All intrafusal fibres ex- 
amined received a direct sensory innervation without in- 
tervening basement membrane. 
Each spindle was seen to possess a prominent periaxial 
space containing a characteristic flocculent precipitate. 
Typically, aggregations of the precipitate could be found 
close to inner capsule cells on the side facing the intrafusal 
fibre. The periaxial space was bounded by a capsule 
consisting of up to 5 or 6 layers of  perineural epithelial 
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Longitudinal section of equatorial region of a muscle spindle in a clinically dystrophic mouse. 2 major types of intrafusal fibre can be 
differentiated. Nuclear bag fibres (NB) are relatively broad and contain relatively few mitochondria. Nuclear chain fibres (NC) are 
relatively narrow and contain more numerous mitochondria particularly along their central axes. Primary sensory endings (S) contain 
numerous mitochondria and encircle all intrafusal fibres. The equatorial reduction in myofilament (M) content when compared with polar 
region as in typical normal spindles is clearly seen. • 1950. 

cells. Each of  these cells contained numerous  pinocytic 
vesicles. The capsule of  each spindle enclosed the muscle 
fibres for most of  their lenghts except close to their inser- 
tions into perimysium. Capillaries were never  seen to 
penetrate the capsule and enter the periaxial space. 
None  of  the spindles in dy2J/dy 2J dystrophic muscles con- 
tained any ultrastructural abnormali ty and did not  appear  
to differ qualitatively f rom normal  spindles. Quanti tat ive 
differences be tween dystrophic and normal  spindles in 
their organelle content  could exist but  they could only be 
detected using stereological techniques specially derived for 
anisotropic tissue ~7. 
These findings have important  implications for the aetiolo- 
gy o f  murine dystrophy and for the properties of  intrafusal 
muscle fibres. I f  the neurogenic hypothesis is true then 
abnormal  features o f  the richly innervated intrafusal fibres 
would  be expected. In their demonstrable  absence, howev-  
er, partial rejection or modif icat ion of  the hypothesis is 
necessary. Fo r  example,  either the sensory or the 7-motor  
supply o f  the spindle must be selectively spared f rom the 
neurogenic process or the intrafusal fibres may  be resistant 
to the supposed neurogenic influence. Should future inves- 
tigation reveal that mouse muscle spindles receive signifi- 
cant addit ional  f l - innervation in which single axons inner- 
vate both intrafusal and extrafusal fibres, then further  
support  for the not ion of  intrafusal resistance to neurogenic 
influences might  be forthcoming. Alternatively,  i f  a myo-  
genic process is responsible for the observed pathological  
changes then intrafusal fibres clearly have some mechanism 
by which they escape damage.  Fur ther  studies on these 2 

possibilities seem worthwhile. The findings may  be relevant  
to many  human diseases in which the intrafusal fibres seem 
relatively unaffected, at least when using light microscopi- 
cal techniques ~8, i9. 
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