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Effect of fluoride on muscle pathology are evident but are less well characterised.
Wistar albino rats received 0 (Control), 300 and 600 ppm of sodium fluoride in
drinking water for 40 days. The control and experimental animals were fasted
overnight and sacrificed under ether anaesthesia. Small pieces of the skeletal
muscle tissue were processed for morphological analysis. Three separate
networks of collagen fibers were distinguished by scanning electron microscope
in the control endomysium ; fibers running longitudinally on the surface of the
muscle fiber, fibers running perpendicularly to the long axis of the muscle, and
fiber having contact with the adjacent muscle fiber. Fluoride toxicity resulted in a
marked increase in the endo and perimysial connective tissue and substantial
increase in the number of perpendicularly oriented collagen fibers with contact to
two adjacent muscle fibers in the endomysium. The surface lesions of fluorosed
skeletal muscle revealed disturbed normal structure of endomysium making it
impossible to distinguish the various networks of fibers from each other. In
perimysium, the connective tissue was very dense and the number of irregularly
oriented collagen fiber was increased. The above described surface lesions in the
intramuscular connective tissue are likely to contribute to the deteriorated
function of skeletal muscles in fluorosis.
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INTRODUCTION
Fluorosis is a well- defined clinical entity characterized by
toxic effects of elevated fluoride intake on teeth, bones
and soft tissues (Guven and Kaya, 2005). Accumulation of
fluoride is therefore a serious risk factor for muscular
abnormalities in fluorosis    (Shashi and Bhushan, 2010).

Skeletal muscle is mainly composed of myofibers and
intramuscular connective tissue. Each myofiber is
sheathed in a connective tissue called endomysium, and
the individual myofibers are gathered together to make a
muscle bundle. The bundle is packed in the perimysium,
which occupies the vast bulk of the intramuscular
connective tissue. It is suggested that collagens, the major
protein constituent of the perimysial and endomysial
connective tissue (Roy et al., 2007), are the major
determinant of muscle texture, primarily influencing the
muscle quality, rather than the muscle quantity.

The elastic behaviour of the skeletal muscle depends not
only on its contractile components, but also on the

intramuscular connective tissue (Williams and Goldspink,
1981). This intramuscular tissue further binds the muscle
cells together during muscle contraction and embraces
capillaries and nerves within skeletal muscle to keep them
in a close adherence with each other.

Collagen fiber network is a major contributor to the
coherence and tensile strength of normal skeletal muscle
(Jarvinen et al., 2002). Despite the well-recognised
importance of the intramuscular connective tissue to the
normal integrity and function of the skeletal muscle, the
specific architecture including the location and three-
dimensional orientation of the intramuscular connective
tissue within the muscle in fluorosis is poorly described.

Thus, the aim of this investigation was to examine the
surface lesions in the skeletal muscle tissue during
experimental fluorosis.

MATERIAL AND METHODS
Wistar albino rats of both sexes weighing 150-200 g were
housed in a solid bottomed polypropylene cages, fed with
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commercial rat pellet diet (Hindustan lever Limited,
Mumbai, India) and water was supplied ad libitum. The
experiments were designed and conducted in accordance
with the ethical norms approved by Institutional Animal
Ethics Committe, Punjabi University, Patiala, India
(Animal maintenance and Registration
No.107/99/CPCSEA/2014-22).

Experimental protocol

The experimental animals were randomly allocated
divided into three equal groups with six rats in each.

Group I – Control rats received 1ml distilled water kg bw
/day orally
Group II– Experimental rats treated with 300 mg  NaF /kg
bw/day via oral gavage.
Group III - Experimental rats treated with 600 mg NaF
/kgbw/day orally

At the end of 40 days of experimental period, the control
and test experimental animals were fasted overnight and
sacrificed under ether anaesthesia. Small pieces of the
skeletal muscle tissue, after washing in cold 0.1 M
phosphate buffer (pH 7.4) were fixed in 2.5 %
glutaraldehyde and 2 % paraformaldehyde buffer for six
hours at 40C for scanning electron microscopy.

The fixed tissues were washed in phosphate buffer (pH
7.4), post fixed in 1 % osmium tetraoxide for one hour,
washed again in phosphate buffer, dehydrated in
ascending  grades of acetone. The tissues were further
dehydrated, dried at critical point for one hour followed by
sputter coating with a 100 Angstrom thick layer of gold in
a sputter apparatus and were examined under the
scanning electron microscope (JEOL JSM – 6510).

RESULTS
The skeletal muscle of control rat revealed the honey-
comb structure of the endomysium and perimysium of the
collagen fibers. The intramuscular connective tissue has a
three-level organisation throughout the muscle, the
epimysium surrounding the entire skeletal muscle, the
perimysium binding individual muscle fibers into bigger
functional units called bundles, and the endomysium
outlining the individual muscle cells (Fig.1).

At higher magnification, the deep and superficial surfaces
of epimysium were composed of very large collagen
bundles. Endomysium revealed an array of tubes into
which muscle fibers insert as well as a thickened area
surrounding the fibers was perimysium (Fig.2).

The muscle fibers were embedded in a complex
connective tissue matrix and were intimately associated
with extracellular matrix (Fig.3).

The perimysial connective tissue contained a dense
network of collagen fibers aligned into three different
dimensions (Fig.4). The surface topology of the adjacent
muscle fibers varied among the fibers. Surface striations
showed A-band and Z-band periodicity of the skeletal
muscle (Fig.5).

The animals treated with 300 mg NaF/ kg bw/day showed
disturbed three-level organization of the intramuscular
tissue. The epimysium and perimysium around the
primary myofiber  fascicles was completely disorganised.
The endomysial collagen content was increased (Figs.6,7).
The increased number of collagen fibers that have contacts
with the adjacent muscle fibers and run perpendicular to
the long axis of the muscle fibers.

Fig.1 Low-magnification scanning electron micrograph of the
collagenous endomysial network around muscle fibers of skeletal

muscle of the control rat (Group I).   X 100

Fig.2 High-magnification scanning electron micrograph of the
collagenous endomysial network around muscle fibers reveals
an array of ‘tubes’ into which the muscle fibers insert as well
as thickened area surrounding the fibers that is perimysium of

skeletal muscle of the control rat ( Group I).   X 650

Fig.3 Low-magnification scanning electron micrograph of the
perimysium (P) around the primary myofiber fascicles and the

endomysium ( E) of skeletal muscle of  the control rat ( Group I).
X 370
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The connective tissue fibers of the endomysium running
between two different muscle fibers became thicker and
were also increased substantially in number (Fig.8). Most
of the increased endomysial collagen fibers deposited
directly around the sarcolemma of the muscle cells,
creating a thick layer of connective tissue fibers
completely surrounding an individual muscle cells. The
endomysial collagen fibers running longitudinally,
circularly and rectangularly on the surface of muscle

fibers were increased in number and in size (Fig.9). The
large collagen cables on the surface of the muscle fiber
and integrated with the fiber surface were visible. The
perimysial cables were torturous and intimately associated
with the fiber surface (Fig.10)

Fig.4 Scanning electron micrograph showing collagen fibers
running in three different orientations that can be distinguished as
separate entities in the normal perimysium of skeletal muscle of

the control rat (Group I).
X 500

Fig .5 Scanning electron micrograph of the adjacent muscle fibers
revealing surface striations with A-band (curved brackets) and Z-
band periodicity. A discrete connection is also seen on the surface
of a fiber that represents ‘perimysial plate’ that connects adjacent
fibers of the skeletal muscle of the control rat (Group I).   X 450

Fig.6. Low- magnification scanning  electron micrograph of  the
perimysium (P) around the primary myofiber fascicles and the

endomysium ( E) reveals an increase in the amount of connective
tissue  of  skeletal muscle of  rat treated with 300 mg NaF / kg bw/

day ( Group II). X 370

Fig.7. High- magnification scanning electron micrograph of  the
perimysium (P) around the primary myofiber fascicles and the

endomysium ( E) reveals an increase in the amount of
connective tissue  of  skeletal muscle of  the rat treated with

300 mg NaF / kg bw/ day (Group II). X 1000

Fig.8 Scanning  electron micrograph showing the number of
collagen fibers that have contacts with adjacent musce fibers (m)

and run perpendicular to the long axis of the muscle fibers are
substantially increased in the  skeletal muscle of the rat treated with

300 mg NaF / kg bw/ day ( Group II).   X 2000

Fig.9. Scanning  electron micrograph showing dense collagen fiber
network on the surface of the muscle  cells in the skeletal muscle of
the  rat treated with   300 mg NaF / kg bw/ day (Group II).  X 230
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The volume, distribuition, fine structural organisation, and
orientation of the connective tissue fibers were altered
after treatment of 600 mg NaF/kg bw/day for 40 days.
Most of the increased endomysial collagen fibers were
deposited directly around the sarcolemma of the muscle
cells, creating a thick layer of connective tissue fibers
completely surrounding the individual muscle cells
(Figs.11, 12). Highly contracted myofibrils with Z- line
ridges and collection of subsarcolemmal mitochondria
near the sarcolemma were prominent. A few longitudinal

tubules perhaps remnants of the sarcoplasmic reticulumn ,
also were observed (Fig.13).

The intact perimysial fiber network had become dense
with a large number of randomly oriented collagen fibers
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DISCUSSION
It is well known that fluorides have a disruptive effect on
various tissues in the body (Hassunuma et al., 2007;
Kumar and Kumari , 2013). Despite the importance of the
interactions between the skeletal muscle tissue and the
surrounding connective tissue, the exact three-dimensional
architecture of the connective tissue network surrounding
the individual muscle cells, within the different  muscle
fibers, and ultimately, enfolding the entire skeletal muscle
as one functional unit, has been poorly characterized in
fluoride intoxication.

In the present study, the micro-architecture of the
endomysial connective tissue surrounding each myofiber
showed that this structure consisted of three separate
networks of collagen fibers running in different directions
in control rat. Of these, the main orientation constituted of
the fibers running parallel to the muscle fibers on their
surface. It can be assumed that these longitudinally
oriented collagen fibers prevent muscle cells from
over-elongation and contraction. In addition to these,
longitudinally oriented fibers, there were thin
perpendicular fibers connecting adjacent muscle fibers to
each other. However, these type of fibers were small in
both number and size in the normal endomysium. Several
authors have shown  the structure and orientation of
collagen fibers in endomysium with a scanning electron
microscope ( Jarvinen et al ., 2002).

During a 40-day period of fluoride toxicity, longitudinally
and perpendicularly oriented collagen fiber networks in
the endomysium, which were clearly distinct in a control
skeletal muscle, grow to an extent that they cannot be
distinguished from each other anymore. The increase in
the endomysial collagen fibers was especially prominent
in the fibers that connect two adjacent muscle fibers
together, which, in turn, restricted the mobility of the
individual muscle fibers. Considerable changes were also
found in the intramuscular perimysial connective tissue in
response to a dose of 600 mg NaF /kg bw /day. Fibers
running in all three dimensions became denser, a change
that was most apparent in the longitudinally oriented
fibers. Thus, the amount of the longitudinally oriented
collagen fibers increased in both the endo- and
perimysium as a result of fluoride toxicity.

Fluoride treated skeletal muscles in this study showed
increased content of collagen fibers in both endomysial
and perimysial connective tissues compared with control.
These findings are in line with the study of Jarvinen et al.
(2002) who noticed that amount of collageneous
connective tissue was increased in the endomysium and
perimysium of an immobilized gastrocnemius muscle,
with complete disorganisation in the perimysial
connective tissue. The intramuscular fibrosis may
contribute to the deteriorated function and biomechanical
properties of the atrophied skeletal muscle, observed in
fluoridated muscles.

The present study exhibited variation in size, focal
degeneration of myofibers and increased deposition of
collagen fibers in-between muscle fibers after fluoride
treatment on the skeletal muscle of rats. It was also
observed that the increase of intrafascicular connective
tissue represents a response to a loss of myofibers where

fibroblasts replace the damaged area, with subsequent
formation of collagen fibers ( Lancut et al., 2004).  The
progressive increase in collagen fibers was concomitant
with the degree of muscle damage after fluoride
administration in rats. Fibrosis was also recorded in the
intercellular spaces in the fluoridated muscles. The
findings are in accordance with the study of Hassan et al
(2009) observed after simvastatin drug treatment.

The fluorosed samples of muscles revealed extended
perimysial cables in the interstitium between the muscle
cells. The cables themselves were organized as bundles of
collagen fibrils which are  in agreement with the findings
of Gillies and Richard (2011) clearly unraveling the
biological and biomechanical. associations between
perimysial cables and endomysial mesh network .

The current detailed characterization of the alterations in
the microarchitecture of the intramuscular connective
tissue showed that fluoride toxicity caused an increase in
the connective tissue surrounding the few remaining
intramuscular capillaries. Such a connective tissue barrier
that develops in the fluorotic muscle disturb the blood
supply of the muscle fibers, resulting in decreased blood
supply to the muscle, and consequently, further increase in
the muscle fiber atrophy (Jo´zsa et al., 1990; Borisov et
al., 2000; Tyml and Costello, 2001).

In conclusion, scanning electron microscopy of surface
lesions in fluorosed muscles shows marked qualitative
changes in the intramuscular connective tissue and are
likely to contribute to the deteriorated function and
biomechanical properties of the skeletal muscle in
fluorosis.
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