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Electron microscopy of muscle spindles in m. extensor halucis longus of rats 14 days after
space mission on board SLS-2 space laboratory (USA) showed structural rearrangement in
the receptors. The number of intrafusal fibers increased, but some fibers developed degene-
rative changes. The changes were also seen in the spindle capsule, but its integrity was not
impaired. Vascularization of the spindle capsule was impaired as a result of necrobiotic
changes in capillary endotheliocytes. Sensory nerve endings were the most sensitive structures
of the receptor. Destructive changes in various structures of the muscle spindles were paral-

leled by regenerative processes.
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The interactions between various analyzers are disco-
ordinated under conditions of space missions because
of lack of functional loading of the locomotor system
and changes in sensory input into CNS compartments.
These changes lead to motor discoordination in hu-
mans and animals and are paralleled by metabolic and
structural rearrangement in the whole organism and
tissues [1,4-6]. Muscle spindles, as highly differentia-
ted structures regulating spontaneous and reflex acti-
vity of muscles, occupy an important place in this pro-
cess [8]. The data on the role of muscle spindle com-
ponents in receptor intactness in general and recovery
of receptor activity in various pathologies are contra-
dictory [2,3,7]. The state of muscle spindles under
conditions of space flights is poorly studied.

We investigated the structural and functional
changes in muscle spindles under conditions of a
space mission in rats.

MATERIALS AND METHODS

The muscle elevating the forefinger (m. extensor halu-
cis longus) in Spraig—Dowley rats was examined.
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The animals spent 14 days on board the SLS-2 space
laboratory (USA). The material for ultrastructural ana-
lysis was collected from experimental animals on the
orbit and from control and synchronous rats on the
Earth.

Muscle fragments were fixed during the mission
on board the space laboratory in 4% paraformaldehyde
solution in 0.1 M phosphate buffer (pH 7.2) with 2.5%
sucrose and after landing they were postfixed in 1%
OSO, and embedded in araldite. The material was
examined and photographed under a JEM-100S elec-
tron microscope. Semithin sections were stained in
toluidine blue for spot ultratomy. The blocks were
ultratomied at levels 5-6, because of anatomical char-
acteristics of the receptor (sensory nerve endings are
situated in the central part and motor endings in op-
posite poles of intrafusal fibers).

RESULTS

Photooptic examination showed that muscle spindles
are usually located in the immediate vicinity to the
intramuscular nerves. The immediate transition of the
epineural membranes into external leaflets of the re-
ceptor capsules was detected. Normally, the spindle
capsule consists of 3-4 cells of epineural epithelium.

0007-4888/04/1371-0092 © 2004 Plenum Publishing Corporation



A. V. Volodina and O. M. Pozdnyakov

Solitary axons and capillaries were seen on cross-
sections of the capsule. Three-four intrafusal fibers
inside the capsule occupied virtually the entire intra-
capsular space (Fig. 1, a).

The capsule remained intact in the majority of re-
ceptors under conditions of space flight. However,
plasma membranes of the capsular epineural epithelial
cells were destroyed because of edema and hydropic
swelling, which led to focal cytolysis. On the other
hand, multiple layers of the spindle capsule ensured its
anatomical integrity and intactness of individual re-
ceptors (Fig. 1, b; 2, a). Collagen fibrils strictly deline-
ating the capsular membrane were seen between the
capsular layers (Fig. 2, a).

Pronounced destructive changes were seen in
some receptors. Epithelial cells formed numerous
interdigitating processes, the capsular leaflet borders
were undetectable. Lumpy degradation of the cyto-
plasm was seen, the structure of the capsule was im-
paired (Fig. 2, b, ¢).

In axons lying in deep layers of the capsule we
observed detachment and vacuolation of the axoplasm,
impaired structure of myelin sheath, and hyperplasia
of neurofilaments. These changes are morphological
signs of axonal transport disorders. The type and de-
gree of morphological changes in axons varied in dif-
ferent spindles; the signs of Woller degeneration were
seen in some of them (Fig. 1, b, ¢), endoneurium scle-
rosis was observed.

Destructive degenerative changes were seen in the
capsular capillaries and arterioles. Destroyed mem-
branes of cell organelles were seen in endotheliocytes;
finely grained lumpy degeneration of the cytoplasm
was paralleled by increase of its electron density. The
thickness of capillary basal membranes increased, endo-
theliocyte surface was activated (villus formation, bay-
like prolapsed areas), which led in many cases to dis-
integration of the plasma membranes and was accom-
panied by cytoclasmatosis and formation of microclots
(Fig. 2, ¢, d).

Increased electron density of intracapsular space
and appearance of finely dispersed material probably
result from impaired permeability of capsular micro-
vessels, which can be paralleled by an increase in
intracapsular pressure (Fig. 1, b). Intracapsular space
of some muscle spindles was filled with collagen fib-
rils, somewhere fragments of degenerative receptors
were seen between these fibers. In these cases the
receptor can be identified only by multilayer capsular
membrane.

The number of intrafusal fibers in the receptors
increased to 5-6 under conditions of space flight. Intra-
fusal fibers lay loosely in the receptors. Fibers with
signs of intracellular myofibril regeneration were seen
in one receptor (Fig. 3, a, d), other fibers were com-
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pletely destroyed, with membrane fragments occu-
pying their place. Some fibers were necrotic (Fig. 1,
b, d). Myofibrillar atrophy was detected on longitudi-
nal sections of intrafusal fibers.

Ultrastructural signs of adaptive type were de-
tected in the motor nerve endings in polar areas of
intact intrafusal fibers. The zone of synaptic contact
was extended and included 3-4 axon terminals, filled
with synaptic vesicles and small mitochondria. Accu-
mulations of finely dispersed floccular material and
fragments of membrane structures were seen in some
terminals. The type of postsynaptic folds is worthy of
note. Some presented as shallow finger-shaped pro-
lapsed areas, others were well expressed and by their
structural organization resembled synaptic folds of
synapses on extrafusal muscle spindles (Fig. 3, b).
Structural organization of the motor-terminal endings
indicates that the efferent component of the receptor
remained intact.

It is noteworthy that sensory nerve endings exhi-
bited pronounced destructive changes. The greater part
was completely destroyed, others contained fragments
of destroyed organelle membranes (Fig. 3, ¢). Presum-
ably, this was caused by inadequate intensification of
the functional activity of sensory nerve endings of the
receptor under conditions of zero gravity because of
constant correction of the motor function and intense
afferent impulsation. One more proof of this hypo-
thesis is relaxation of extra- and intrafusal fibers. It is
known that a pause in the receptor work is associated
with contraction of extrafusal fibers.

Hence, space mission leads to structural reorga-
nization of muscle spindles. Signs of structural over-
strain of receptors are seen, leading to destructive
degenerative changes in its components, as well as
structural signs of compensatory and regeneratory pro-
cesses. On the other hand, the detected ultrastructural
changes in the receptor components under conditions
of space mission indicate the possibility of their ade-
quate functioning and the intactness of some receptors
in general. Sensory nerve endings are the most vul-
nerable structures of the receptor.

It can be hypothesized that damage to microves-
sels associated with thrombosis is a key component
in the development and progress of degenerative
processes in the receptor. This assumption is in line
with the data of D. Barker and S. S. A. Scott [8] an J.
Kucera and I. M. Walro [10], who showed that devas-
cularization of muscle spindles in the presence of
intact innervation leads to disappearance of the re-
ceptor after 21 days. The receptor appeared again
after 3.5 months. At the same time, denervation of
skeletal muscles in 90% cases is associated with a
decrease in the number of intrafusal fibers in the re-
ceptor [11].
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Fig. 1. Destructive degenerative changes in the intrafusal fibers under conditions of space flight. a) muscle spindle (control, x5600); b)
receptor fragment on day 14 of flight, x5600; c) sclerosed nerve fiber in receptor capsule, x11,200; d) degenerative intrafusal fibers, x5600:
coagulation necrosis, intracellular edema (arrow); normal intrafusal fiber. Here and in Figs. 2-3: IF: intrafusal muscle fiber; C; capillary; CF:
collagen fibers; RC: receptor capsule; NF: nerve fibers; T1, T2, T3: terminals; SNE: sensory nerve endings; EN: microvessel endothelium;
E: erythrocyte; N: nucleus.
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Fig. 2. Disintegration of the external capsule of receptor and destructive changes in capsular microvessels. a) collagen fibrils between receptor
capsule epithelial cell layers, x11,900; b) blurred interface between capsular epithelial cells, signs of intracellular edema, x12,750; c) formation
of interdigitating processes between epithelial layers; cell degradation into fragments, x4930; d) destructive degenerative changes in receptor
capsule. Thrombosis and destruction of capillary wall (arrow), x8500.
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