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ULTRSTRUCTURAL CHANGES IN THE SPINAL
GANGLIA AFTER IMMOBILIZATION OF THE
HINDLIMB OF THE ALBINO RAT

Adel A. Bondok, Ahmed S. Zolfakar*
and Mustafa A. Karwad**

From
Mansoura Faculty of Medicine, Menoufiya Faculty of Medicine*, Egypt
and El-Arab Medical University**, Libya

ABSTRACT

Prolonged bed rest and immobili-
zation of joints for long periods of
time are frequently prescribed for in-
tensive care and orthopedic patients.
Abundant scientific evidences in the
past 50 years have demonstrated that
long-term immobilization lead to muilti-
ple pathological changes in most or-
gans and systems of the body, with
particular in the nervous and muscu-
loskeletal systems. Moreover, critical
illness neuropathy with defect in sen-
sory perception is recognized more
frequently in intensive care patients
due to immobilization and bed rest for
long time. The present investigation
was, therefore, designed to study the
ultrastructural changes in the primary
sensory neurons in the dorsal root
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ganglia of the albino rat after a long
period of immobilization of both the
knee and ankle joints by using above
knee plaster cast. These changes
may shed some light on the possible
mechanism underlying the immobili-
zation neuropathy and the defect in
sensory perception.

Ten adult male albino rats were
used in this investigation. The left
knee and ankle joints were immobi-
lized, in the resting position, by the
application of an above knee plaster
cast for 12 weeks. The contralateral
right side was used as control. After
12 weeks, the plastar cast was re-
moved and the rats were sacrificed
by intracardiac perfusion with a mix-
ture of 2% paraformaldehyde and 2%
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374  ULTRSTRUCTURAL CHANGES IN THE SPINAL GANGLIA etc..

glutaraldehyde. The left (experimental
immobilized side) and right (control
side) lumbar dorsal root ganglia (L4,
L5 and L6) were exposed, carefully
dissected out, kept in the same fixa-
tive overnight and then processed for
electron microscopic examination.

Electron microscopic examination
of the DRG of the immobilized side
revealed that the affected sensory
neurons showed aggregation of dis-
torted cytoplasmic organelles with
dissolution of Nissl substance and for-
mation of vacuoles of variable sizes.
The most noticeable observation was
marked hyperplasia of the neurofila-
ments and dilatation of the rough en-
doplasmic reticulum.

Changes similar to apoptosis were
seen in the nucleus of the affected
neurons including abnormal enfolding
of the nuclear membrane and frag-
mentation and condensation of the
nuclear chromatin. Nucleolar margi-
nation, nucleolar hypertrophy and
triple nucleoli were also observed. On
the other hand, the cytoplasmic and
nuclear changes observed on the im-
mobilized side were not observed in
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the ganglia of the control mobilized
side.

Examination of the myelinated ax-
ons in the dorsal root ganglia of the
immobilized side revealed wide dis-
tention of myelin sheaths with splitting
of the myelin lamellae and subse-
quent formation of large vacuoles and
vesicular degeneration of
These changes were not observed in
the control ganglia.

myelin.

INTRODUCTION

Prolonged bed rest and immobili-
zation of joints for long periods of
time are amongst the most frequently
prescribed therapies for intensive
care and orthopedic patients (Allen et
al., 1999). Unfortunately, abundant
scientific evidence in the past 50
years has demonstrated that this
long-term inactivity, elimination of
gravity and immobilization lead to
multiple pathological changes in most
organs and systems of the body gen-
erally known as "immobilization syn-
drome" (Denes, 1996; Okun et al.,
2002).

Critical illness neuropathy is an ax-
onal polyneuropathy recognized more
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frequently in intensive care patients
due ic immobilization (Zitko, 2000).
Despite careful nursing and physio-
therapy, wasting, myopathy and neu-
ropathy are commonly seen in sedat-
ed or comatosed intensive care
patients undergoing long-term bed
rest. Wiis and Qvist (1999) described
four cases of peroneal nerve lesion
with drop foot in patients with up to
eight weeks of immobilization. Peter-
sen et al. (1999) reported two pediat-
ric intensive care patients with flaccid
tetraparesis.

More recently, Fletcher et al.
(2003) reported neurophysiologic evi-
dence consistent with critical illness
polyneuropathy in more than 90% of
long-stay patients after intensive care
unit discharge. The neurological

changes due to immobilization are

more pronounced in younger than in

older ones, indicating that longer peri-
ods of immobilization in younger ani-
mals lead to a greater degree of
harmful effects (Urso et al., 2006).
Moreover, in contrast to nerve lesions
in adult animals, retrograde neuronal
death is accelerated when nerve inju-
ry occurs in immature animals such
as newborn rats (Bondok and San-

n

sone, 1984-a; Bondok and Sansone,
1984-b; Yip et al., 1984; Devor et al.,
1985). Gawish (2004) revealed that
long-term immobilization of the rat
hind limb resulted in a significant re-
duction in the cross-sectional area of
the sciatic nerve and in the total num-
ber of the myelinated nerve fibers.

Searching the literature for any
structural changes in the sensory
neurons in the dorsal root ganglia that
may explain the effects of this immo-
bilization-associated neuropathy re-
vealed only electrophysiologic studies
and clinical reports. In the light of the
previous investigations on the effects
of immobilization and prolonged bed
rest, the present investigation was de-
signed to study the ultrastructural
changes in the dorsal root ganglia of
the albino rat after a long period of
immobilization of both the knee and
ankle joints by the use of an above
knee plaster cast, which is one of the
most widely used methods for the im-
mobilization (Coutinho et al., 2002).
The cast is popular and inexpensive
method for the immobilization. These
changes in the dorsal root ganglia
may explain the possible mechanism
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underlying the immobilization neurop-
athy. '

MATERIAL AND METHODS

Animals :

Ten adult male albino rats weigh-
ing 285 + 28 gm were used in this in-
vestigation. The animals were housed
in plastic cages, one rat in a separate
cage, under controlled environmental
conditions, with free access to stan-
dard food and water.

Fixation :

Rats were anesthetized by intra-
peritoneal injection of chloral hydrate
(300 mg/kg) before the immobilization
procedure. The knee and ankle joints
of the left hind limb were immobilized
in a semiflexed position, by the appli-
cation of an above knee plaster cast
for 12 weeks. The contralateral right
side was used as a control. After a
period of 12 weeks in the plaster cast,
the rats were anaesthetized with
chloral hydrate. Then the thorax was

opened, a cannula was inserted into

the left ventricle of the heart, the right
atrium was incised and blood was
washed out by intracardiac perfusion
with 500 ml of normal saline followed
by 500 ml of a mixture of 2% parafor-
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maldehyde and 2% glutaraldehyde in
0.1M cacodylate buffer at pH 7.4.

Obtaining the Specimens :

An incision was made in the back
of the thigh on both the left (immobi-
lized) and right (control) sides and the
left and right sciatic nerves were ex-
posed near the greater sciatic fora-
men. The sciatic nerve was followed
to its roots (L4, 5, 6) in the interverte-
bral foramina where the dorsal root
ganglia are located. The L4, L5 and
L6 dorsal root ganglia were carefully
dissected out and kept in the same
fixative in the refrigerator overnight.

Processing the Specimens :

The specimens were rinsed in ca-
codylate buffer, postfixed with 1% os-
mium tetroxide for 2 hours, dehydrat-
ed in ascending series of ethanol,
cleared in propylene oxide, infiltrated
in a mixture of propylene oxide and
Epon resin and then embedded in
Epon resin. Semithin sections (1
mm thick) were cut with the ultrami-
crotome, stained with toluidine blue
and examined with a light microscope
for orientation and selection of the ar-
eas containing nerve cells. Ultrathin
sections (70 - 80 nm) were cut, dou-
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ble stained with uranyl acetate and
lead citrate and examined with a
JEOL electron microscope.

RESULTS

A. CONTROL GANGLIA (MOBI-
LIZED SIDE)

The present observations on the
ultrastructure of the control dorsal
root ganglia (Figs. 1, 2 and 3) showed
that the spinal ganglion neurons had
well-organized organelles and a cen-
trally placed nucleus. The cell bodies
of the primary sensory neurons ap-
peared surrounded by a layer of sat-
ellite cells. The nerve cells appeared
separated by bundles of myelinated
axons with regularly arranged myelin
lamellae.

Nissl substance consisted of well-
organized parallel cisternae of rough
endoplasmic reticulum. Free ribo-
somes were present in small clusters
between the cisternae of the endo-
plasmic reticulum. The mitochondria
randomly distributed. Well-
developed Golgi apparatus surround-
ed the nucleus and was associated
with numerous vesicles. The neurofil-
aments and the neurotubules were
dispersed throughout the perikaryon

were

around Nissl bodies and the mito-
chondria.

The nucleus was large, rounded
and centrally located. The nuclear
membrane had a smooth undulating
profile and the nucleus contained uni-
formly dispersed chromatin granules

B. EXPERIMENTAL GANGLIA
(IMMOBILIZED SIDE):

Electron microscopic examination
of the dorsal root ganglia 12 weeks
after immobilization revealed a spec-
trum of structural damage ranging
from loss of Nissl| substance and cyto-
plasmic degradation of organelles to
frank necrosis on the immobilized
side (Figs. 4, 5, 6). The most noticea-
ble observation was marked hyper-
plasia of the neurofilaments, dilatation
of the rough endoplasmic reticulum
and marked enfolding of the nuclear
membrane (Figs. 6, 7, 9, 10, 11).

Frequently, affected primary sen-
sory neurons exhibited perinuclear
aggregation of distorted cytoplasmic
organelles with dissolution of Nissl

substance, increased numbers of
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neurofilaments, dilatation of the rough
endoplasmic reticulum, vacuoles of
variable sizes, formation of large pe-
ripheral vacuoles, increased number
of lysosomes and decreased size of
the mitochondria (Figs. 7, 8, 9). Some
degenerated neurons were trans-
formed into large electron-dense mul-
tivesicular body (Fig. 6). Polysomes
appeared dissociated into single free
ribosomes and appeared scattered
around the neurofilaments and the di-
lated rough endoplasmic reticulum
(Figs. 8, 9). Lamellar bodies, small
myelin figures and dense bodies ap-
peared interspersed among the neu-
rofilaments (Fig. 9).

The degenerated neurons ap-
peared engulfed by satellite cells
(Figs. 5, 6). The degenerative chang-
es observed in the sensory neurons
of the immobilized side were not ob-
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served in the ganglia of the control
mobilized side.

Changes similar to apoptosis were
seen in the nucleus of some neurons
including abnormal enfolding of the
nuclear membrane and fragmentation
and condensation of the nuclear
chromatin (Figs. 6, 7, 11). In some
nerve cells, nucleolar hypertrophy,
nucleolar margination and triple nu-
cleoli were observed (Figs. 12 &13).

Examination of the myelinated ax-
ons in the dorsal root ganglia of im-
mobilized side revealed striking ultra-
structural alterations. They appeared
in the form of wide distention of mye-
lin sheaths of the myelinated nerve fi-
bers with splitting of the myelin lamel-
lae and subsequent formation of large
vacuoles and vesicular degeneration
of myelin (Fig. 14).
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g1 Electron micrbgraph of a control L5 dorsal root ganglion showing a part of senso-
ry neuron containing a rounded nucleus (N), well-organized rough endoplas-
mic reticulum (RER), Golgi apparatus (G) in the perinuclear zone and random-

Fig. 2 : Electron micrograph of a control L4 dorsal root ganglion showing a part of senso-
ry neuron containing a nucleus (N) with regular nuclear membrane, well-
organized rough endoplasmic reticulum (RER), Golgi apparatus (G) and nu-
merous mitochondria (M). The spaces between the RER and other organelles
contain neurofilaments. X 5,000.

MANSOURA MEDICAL JOURNAL
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Fig. 3 : Electron mlcrograph of a control do?sal root ganglion showmg a part of sensory
neuron containing well-organized rough endoplasmic reticulum (RER), numer-
ous randomly distributed mitochondria (M), other organelles and a nucleus (N)
with mild irregularity in the nuclear membrane. Minimal amount of neurofila-
ments is present between the different organelles. X 5,000.

R R B
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Fig. 4 : Electron micrograph of a dorsal root ganglion 12 weeks after immobilization
showing a completely degenerated neuron containing apoptotic nucleus (N)
and numerous degenerated organelles. X 10,000.

Vol. 39, No. 1 & 2 Jan., & April, 2008
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Fig. 5 : Electron micrograch of a dorsal root ganglion on the immobilized side showing
completely degenerated neuron (N) engulfed by a sateliite cell f8). X 3000

Fig. 6 : Electron micrograph of a dorsal root ganglion 12 weeks after immobilization
showing 2 degenerated neurons (1 & 2) engulfed by satellite zells (S). Nerve

cell 1 has a nucleus (N} with markedly enfolded nuclear membrane. Nerve zell
2 is transfermad into a large muitivesicular body. X 10,000.

MANSOURA MEDICAL JOURNAL.
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Fig. 7 : Electron micrograph of a dorsal root ganglion 12 weeks after immobilization
showing a degenerating neuron containing apoptotic nucleus (N) with large
electron-dense mosaic-shaped nucleolus (Nu) and markedly enfolded nuclear
membrane (Nm). The cytoplasm contains distorted organelles and dense bod-

ies (arrows). X 11,000.

5
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Fig. 8 : Electron micrograph of a dorsal root ganglion 12 weeks after immobilization
showing a degenerating neuron containing dissoluted ribosomes (R) from the
rough endoplasmic reticulum, degenerated nucleus (N), increased number of

lvsosomes (L) and distorted mitochondria (M). X 12,000.
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Fig. 9 : Electron micrograph of a dorsal root ganglion 12 weeks after immobilization
showing a primary sensory neuron containing dissociated ribosomes (R) from
the rough endoplasmic reticulum and their dissolution into free ribosomes,
marked increase in the neurofilaments (NF) and myelin figures (My). X 12,000.
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Fig. 10 : Electron micrograph of a dorsal root ganglion 12 weeks after immobilization
showing a primary sensory neuron containing marked increase in the neurofil-
aments (NF) and enfolding of the nuclear membrane (arrow). X 15,000.
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Fig. 11 : Electron micrograph of an affected primary sensory neuron 12 weeks after im-
mobilization showing a nucleus ihat appears divided into 3 pieces (N) by
marked enfolding of the nuciear membrane (arrows). X §,000.

Fig. 12 : Electron micrograph of a sensory neuron 12 weeks after immobilization showing
a nucleus (N) containing 3 nucleoli {Nu) which are located at the margin of the

nucleus (nucleoiar margination) and arz attached to the nuclear membrane. X
10,500.

Vol. 39, No. 1 & 2 Jan.. & Apri, 2008
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Fig. 13 : Electron micrograph of a sensory neuron 12 weeks after immobilization showing
a nucleus (N) containing 3 nucleoli (Nu). X 4,500.

after immobilization showing several myelinated axons. The myelin shows
multiple splitting and disruption of the myelin lamellae with formation of vacu-
oles (*) between the lamellae. X 6,000.

MANSOURA MEDICAL JOURNAL
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DISCUSSION

The effect of immobilization on the
structure of the peripheral nervous
system is not so clear and has not
been fully investigated in the recent
literature. At the present time, there is
a vague knowledge concerning the
structural bases for the immobilization
neuropathy syndrome. Searching the
literature for any histological evidence
that might explain the immobilization-
associated polyneuropathy revealed
only clinical reports and electrophysi-
ologic studies. Aimost all the earlier
reports on immobilization on the ner-
vous system have dealt only with the
clinical manifestations of long-term
bed rest. Unfortunately, the ultrastruc-
tural changes in the primary sensory
neurons which might explain the sen-
sory deficit in the immobilization syn-
drome have not been investigated.
The only available ultrastructural re-
port on the effect of immobilization on
the nervous system is that of Gawish
(2004) who presented the morpho-
metric and the ultrastructural changes
in the sciatic nerve of the albino rat as
a model of long-term immobilization.

According to the resuits of the
present investigation and of previous

Vol. 39, No. 1 &2 Jan., & April, 2008

investigations (Gawish, 2004), it is
obvious that the structural changes in
the dorsal root ganglia and in the pe-
ripheral nerves could be, in part, re-
sponsible for the sensory manifesta-
tions of the immobilization neuropathy
syndrome.

Gawish (2004) reported that long-
term immobilization of the hind limb
resulted in dramatic changes in the
sciatic nerve in the form of a highly
significant reduction in the cross-
sectional area of the sciatic nerve
(43%) and in the total number of the
myelinated fibers (33%). Similar to
the present observations, immobiliza-
tion resulted in splitting of the myelin
lamellae, loss of the compact lamellar
structure of the myelin sheath and in
degenerative changes in the myelin.
Therefore, it is reasonable to suggest
that the changes in the sensory neu-
rons are most probably due to the de-
generative changes and loss of their
peripheral branches in the sciatic
nerve; a degeneration called retro-
grade degeneration.

In the present study, long-term im-
mobilization of both the knee and an-
kle joints for 12 weeks resulted in a
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spectrum of ultrastructural damage to
the primary sensory neurons on the
immobilized side. The most remarka-
ble observations were marked hyper-
plasia of the neurofilaments, marked
enfolding of the nuclear membrane
and dilatation of the rough endoplas-
mic reticulum. The affected primary
sensory neurons showed distorted or-
ganelles, numerous lysosomes, dis-
solution of Nissl substance and for-
mation of vacuoles of variable sizes.
Nuclear changes similar to apoptosis
were seen in the affected neurons
with condensation and fragmentation
of the nuclear chromatin. Nucleolar
hypertrophy, multinucleoli and nucleo-
lar margination were also observed.
Moreover, unusual cytoplasmic inclu-
sions filled with neurofilaments were
observed in the affected neurons. De-
generative changes in the myelinated
axons in the spinal ganglia of immobi-
lized side with splitting of the myelin
lamellae and formation of large vacu-
oles were observed. These neuronal
changes were not observed in the
control ganglia of the mobilized con-
trol side. The ultrastructural changes
after immobilization may indicate a
definite structural neural involvement

in the immobilization-associated poly-
neuropathy.

The dissociation of ribosomes
from polysomes and rough endoplas-
mic reticulum to single ribosomes has
been also described in degenerating
neurons in the facial nucleus of adult
mice following facial nerve transec-
tion (Torvik and Skjorten, 1971) and
in the trigeminal ganglion of adult rats
following infraorbital nerve transection
(Aldskogius and Arvidsson, 1978).
Since the free ribosomes are involved
in the production of proteins for local
use by the cell and not for transport to
the axon terminals, this dissociation
into single ribosomes may be a re-
sponse to increase protein production
needed for the survival of cell body.

Abnormal increase in the amount
of neurofilaments was a prominent
feature of the affected neurons. Simi-
lar observations were seen in the spi-
nal ganglia of adult rat after transec-
tion of the brachial plexus (Zelena,
1971), in the facial neurons of new-
born rabbit after transection of the fa-
cial nerve (Torvik, 1972) and in young
rats after sciatic nerve crush at birth
(Bondok and Gawish, 1994). More re-
cently, the present changes after im-

MANSOURA MEDICAL JOURNAL
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mobilization is almost similar to those
reported in the dorsal root ganglia af-
ter exposure to neuropathy-inducing
organophosphorous compounds

(Massicotte et al., 2003).

The presence of nuclear changes
similar to apoptosis, nucleolar hyper-
trophy, and nucleolar
margination raise the question of
DNA damage. The nucleolar margina-
tion is defined as the presence of nu-
cleoli touching the nuclear mem-
brane. Yin et al. (2003) have
indicated that the incidence of nucleo-
lar hypertrophy and nucleolar margi-
nation is an indication that chronic
atrophic gastritis can develop into
gastric cancer. Hussein et al. (2003)
revealed multinucleation in the irradi-
ated skin cells and that ultraviolet-B
irradiation caused an increase in the
apoptotic activity and reflecting DNA
damage.

multinucleoli

The results of the present study
are of interest from two points of
view. Firstly, they extend our knowl-
edge on the ultrastructure of the retro-
grade neuronal degeneration. Sec-
ondly, they add new information
relevant to the reaction of primary

Vol. 39, No. 1 & 2 Jan., & April, 2008

sensory neurons to immobilization.
Disintegration and vacuolation of cell
organelles and apoptosis may indi-
cate a stage of "no return" and inevi-
table cell death.

It is also questionable whether
these changes in the nerve cells are
primary to immobilization or secon-
dary to the changes in the muscles or
the peripheral nerves and whether
these changes are reversible or not.
Grana et al. (1996) presented evi-
dence that muscle disuse due to cast
immobilization of one leg can result in
a reversible dysfunction of neuromus-
cular transmission. On the other hand
and more recently, Fletcher et al.
(2003) reported persistent neuromus-
cular and neurophysiologic abnormal-
ities in long-term survivors of pro-
longed critical iliness.

It is concluded in this study that
long-term immabilization has a dam-
aging effect on the structure of the
primary sensory neurons and subse-
quently on the sensory perception.
These ultrastructural changes after
immobilization may indicate a definite
structural neural involvement in the
immobilization-associated  polyneu-
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ropathy. This conclusion supports the
lay wisdom "use it or lose it". There-
fore, early mobilization and shorten-
ing of the period of immobilization
and bed rest are highly recommend-
ed to avoid structural damage of the
peripheral nerves and their associat-
ed ganglia. Encourage movement
and gentle exercises to improve
blood flow to the affected area. Physi-
otherapy and electrical stimulation of
immobilized muscles can prevent
many of the complications of inactivity
and bed rest.
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