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INTRODUCTION

It has been suggested that skeletal muscle fibre number in man decreases throughout
life from birth to old age (Grimby & Saltin, 1983; Rice, Pettigrew, Noble & Taylor,
1988). Others, however, suggest that muscle fibre number does not begin to decrease
until 60 years of age (Sato et al. 1984 ; Green, 1986). Similar reports in animals have
indicated a decrease in skeletal muscle fibre number from youth to adulthood in rats
(Rayne & Crawford, 1975; Caccia, Harris & Johnson, 1979), guinea-pigs (Faulkner,
Maxwell, Brook & Lieberman, 1971), dogs (Ihemelandu, 1980), pigs (Staun, 1963) and
cattle (Bendall & Voyle, 1967). Conversely, Rowe & Goldspink (1969) found no
change in muscle fibre number from one day to six months of age in mice.

The likely explanation for the inconsistency in the results from these studies resides
in the inability to determine accurately the total number of muscle fibres from muscle
cross-sections. The problems associated with this and other methods of total fibre
number estimation have been a topic of discussion for a number of years (Clark, 1931;
Maxwell, Faulkner & Hyatt, 1974; Rayne & Crawford, 1975; Gollnick et al. 1983;
Timson & Dudenhoeffer, 1984) but these problems have now been resolved with the
advent of the nitric acid digestion technique by Gollnick, Timson, Moore & Riedy
(1981). The purpose of the present study was to investigate the relationship of age to
skeletal muscle fibre number during the period from youth to adulthood in the rat.

MATERIALS AND METHODS

Twelve male Sprague-Dawley rats were used in the study. At 25 days of age the
animals underwent surgical removal of the soleus and tibialis anterior muscles from
one hindlimb. Surgery was performed under sterile conditions with the animals
anaesthetised with sodium pentobarbitone (45 mg/kg). A longitudinal incision was
made along the lateral aspect of the lower hindlimb. The soleus muscle was isolated
from beneath the gastrocnemius and plantaris muscles and was removed. The tibialis
anterior muscle was removed from the anterior portion of the leg through the same
incision. The muscles were weighed and stored at —80 °C until analysis. The incisions
were closed with silk suture. Following recovery from the anaesthesia the animals were
returned to their cages. They were housed in wire-bottomed cages on a 12 hourly
light—dark cycle and food and water were provided ad libitum. At 180 days of age 6
of the animals were killed by cervical dislocation and the soleus and tibialis anterior
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muscles from the contralateral leg were removed and treated as described above. The
same procedure was carried out on the remaining 6 animals at 365 days of age.

Fibre number for the soleus muscles was determined by the nitric acid digestion
method (Gollnick et al. 1981). The muscles were placed in a 15 % nitric acid solution
for 4-6 hours to digest the connective tissue. They were then washed thoroughly and
placed in a dish containing distilled water. Individual fibres were teased from the
muscle under a dissecting microscope and counted. Fibre number for the tibialis
anterior muscles was determined by the mean fibre dry weight estimation method
(Timson & Dudenhoeffer, 1984) because of the much larger number of fibres in this
muscle. Bundles of fibres were carefully separated from the muscles following nitric
acid digestion and placed in groups of similar length. Approximately 400—500 fibres
were counted from each group, as described for the soleus muscles. These fibres and
the remaining bundles from each group were dried to a constant weight in an oven at
80 °C and weighed to 0-1 ug using a Cahn electrobalance. The mean fibre dry weight
for each group was determined from the fibres that were counted. The number of fibres
in the remainder of the group was estimated by dividing the mean fibre dry weight into
the dry weight of the remainder of the group. Total fibre number was the sum of all
the groups.

Fibre number differences for each muscle between 25 and 180 days of age and 25
and 365 days of age were analysed using paired ¢ tests.

RESULTS AND DISCUSSION

Body weights and muscle weights and fibre numbers for the soleus and tibialis
anterior muscles are shown for the 180 days old and 365 days old rats in Table 1. There
was no difference in fibre number for either muscle between 25 days of age and 180
days of age or between 25 days of age and 365 days of age.

The significance of whether or not there is a reduction in skeletal muscle fibre
number during the time period from youth to adulthood relates to the growth
potential of the animal. Muscle size in the adult animal is primarily a function of
muscle fibre number (Aberle & Doolittle, 1976; Luff & Goldspink, 1970); therefore,
a decrease in fibre number would result in a decrease in growth potential of the animal.
The results of this study support the work of Rowe & Goldspink (1969) indicating that
there is no change in skeletal muscle fibre number from the early postnatal period until
adulthood. It does not, however, support the findings of others indicating a decrease
in fibre number during this period (Bendall & Voyle, 1967; Caccia et al. 1979;
Faulkner et al. 1971; Themelandu, 1980; Rayne & Crawford, 1975; Staun, 1963).

A possible confounding factor in the interpretation of the data presented in these
previous studies is the use of indirect methods for the determination of muscle fibre
number. A major problem arises when fibre number is determined from counts of
histological sections of skeletal muscle following periods of change in muscle size
(Gollnick et al. 1983). The result is a decrease in apparent fibre number when there is
muscle fibre atrophy (Nicks, Beneke, Key & Timson, 1989) and an increase in
apparent fibre number when there is fibre hypertrophy (Gollnick ez al. 1981) at
constant muscle length. The reason for changes in the number of fibres in a
histological section is that there is a change in the angle of the fibres relative to the long
axis of the muscle resulting in more (hypertrophy) or fewer (atrophy) fibres appearing
in the section. It is likely that during periods of rapid body growth, when the length
of the muscle is increasing more rapidly than the cross-sectional area of the muscle
fibres, the fibre angle relative to the long axis of the muscle would decrease. This would
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Table 1. Body weight, muscle weight and fibre number for 180 days:and 365 days groups

Muscle weight (mg) Fibre number
Body
weight (g)  Soleus Tib. ant. Soleus Tib. ant.
25 days 607 217 9-4 3035 17295
+71 +32 +12:1 +130 +643
180 days 4279 190-5 814-8 3069 17284
+123 +134 +175 +123 +506
25 days 66-5 259 1106 3179 17931
+47 +31 +107 +66 +360
365 days 480-4 184-0 856-4 3173 18060
+92 +58 +21-5 166 +512

result in a decrease in the number of fibres appearing in a histological section of the
muscle similar to that which occurs during muscle atrophy. The studies of Rayne &
Crawford (1975) and Themelandu (1980) attempted to circumvent this problem by
choosing muscles that would likely include all fibres in a histological section because
of their architecture and small size. However, it cannot be certain that all fibres are
included even in muscles of this type (Cardenas, Stolov, & Hardy, 1977; Timson,
Bowlin, Dudenhoeffer, & George, 1985). The nitric acid digestion method of muscle
fibre number determination used in this study eliminates the problems associated with
the histological section method. Because of the utilisation of the nitric acid digestion
method for muscle fibre number determination in this study the conclusion that
muscle fibre number does not change from youth to adulthood in the rat can be made
with a relatively large degree of confidence.

SUMMARY

The purpose of this study was to determine whether or not there was a decrease in
skeletal muscle fibre number in the rat from the early postnatal period to adulthood.
Twelve male Sprague-Dawley rats were used in the study. At 25 days of age the
animals underwent surgical removal of the soleus and tibialis anterior muscles from
one hindlimb. At 180 days of age, 6 of the animals were killed and the soleus and
tibialis anterior muscles from the contralateral leg were removed. The same procedure
was carried out on the remaining 6 animals at 365 days of age. Fibre number was
determined by the nitric acid digestion method for the soleus muscles and the mean
fibre dry weight method for the tibialis anterior muscles. There was no difference in
fibre number for either muscle between 25 days of age and 180 days of age or between
25 days of age and 365 days of age. The results of this study indicate that there is no
change in skeletal muscle fibre number from the early postnatal period until adulthood
in the rat.

REFERENCES

ABERLE, E. D. & DooLITTLE, D. P. (1976). Skeletal muscle cellularity in mice selected for large body size and
in controls. Growth 40, 133-145.

BENDALL, J. R. & VOYLE, C. A. (1967). A study of histological changes in the growing muscles of beef animals.
Journal of Food Technology 2, 259-283.

CAcclA, M. R, HARRIs, J. B. & JoHNSON, M. A. (1979). Morphology and physiology of skeletal muscle in
aging rodents. Muscle and Nerve 2, 202-212.



36 B. F. TIMSON AND G. A. DUDENHOEFFER

CARDENAS, D. D., StoLov, W. C. & HARrDY, R. (1977). Muscle fibre number in immobilization atrophy.
Archives of Physical Medicine and Rehabilitation 58, 423-426.

CLARK, D. A. (1931). Muscle counts of motor units: a study in innervation ratios. American Journal of
Physiology 96, 296-304.

FAULKNER, J. A., MAXWELL, L. C.,, BROOK, D. A. & LiEBERMAN, D. A. (1971). Adaptation of guinea pig
plantaris muscle fibers to endurance training. American Journal of Physiology 221, 291-297.

GoLLNICK, P. D., ParRsoNs, D., RiIEDY, M., Moorg, R. L. & TimsoN, B. F. (1983). An evaluation of
mechanisms modulating muscle size in response to varying perturbations. In Frontiers of Exercise Biology
(ed. K. T. Borer, D. W. Edington & T. P. White), pp. 27-50. Champaign, IL: Human Kinetics Publishers,
Inc.

GOLLNICK, P. D., TiMsoN, B. F., MOoRE, R. L. & Riepy, M. (1981). Muscular enlargement and number of
fibers in skeletal muscles of rats. Journal of Applied Physiology 50, 936-943.

GREEN, H. J. (1986). Characteristics of aging human skeletal muscles. In Sports Medicine for the Mature
Athlete (ed. J. R. Sutton & R. M. Brock), pp. 17-26. Indianapolis: Benchmark Press, Inc.

GRIMBY, G. & SALTIN, B. (1983). The aging muscle. Clinical Physiology 3, 209-218.

IHEMELANDU, E. C. (1980). Decrease in fibre numbers of dog pectineus muscle with age. Journal of Anatomy
130, 69-73.

Lurr, A. R. & GOLDsPINK, G. (1970). Total number of fibres in muscles of several strains of mice. Journal of
Animal Science 30, 891-893.

MAXWELL, L. C., FAULKNER, J. A. & HYATT, G. J. (1974). Estimation of number of fibers in guinea pig skeletal
muscle. Journal of Applied Physiology 37, 259-264.

Nicks, D. K., BENexg, W. M., Key, R. M., & Timson, B. F. (1989). Muscle fibre size and number following
immobilisation atrophy. Journal of Anatomy 163, 1-5.

RAYNE, J. & CraWFORD, G. N. C. (1975). Increase in fibre number of the rat pterygoid muscles during
postnatal growth. Journal of Anatomy 119, 347-357.

RicCEg, C. L., PETTIGREW, F. P., NOBLE, E. G. & TAYLOR, A. W. (1988). Fibre composition of skeletal muscle.
In Principles of Exercise Biochemistry (ed. J. R. Poortmans), vol. 27, pp. 22-39. Basel: Karger.

RowE, R. W. D. & GOLDSPINK, G. (1969). Muscle fibre growth in five different muscles in both sexes of mice.
I. Normal mice. Journal of Anatomy 104, 519-530.

Sato, T., AKATSUKA, H., KiT0, K., TOKORO, Y., TAUCHI, H. & KATO, K. (1984). Age changes in size and
number of muscle fibers in human minor pectoral muscle. Mechanisms of Aging and Development 28, 99-109.

StAUN, H. (1963). Various factors affecting number and size of muscle fibres in the pig. Acta agriculturea
scandinavica 13, 293-322.

TimsoN, B. F., BowLIN, B. K., DUDENHOEFFER, G. A. & GEORGE, J. B. (1985). Fibre number, area, and
composition of mouse soleus muscle following enlargement. Journal of Applied Physiology 58, 619-624.
TiMsoN, B. F. & DUDENHOEFFER, G. A. (1984). Estimation of skeletal muscle fiber number by mean fiber dry

weight. Journal of Applied Physiology 56, 244-247.



