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Summary

Percentages of the three muscle fiber rvpes were determined in the middie gluteal mues-
cle of 11 Quarter horses (QH) and 6 Standardbreds (STB) at I day, 3 months, 6 months
and 1 vear of age . Muscle biopsies were taken 2 cm below the superficial fascia from
the middle portion of the middle ghiteal muscle. Biopsy samples were mounted on chucks,
sectioned on a cryostat and stained for myosin ATPase (pH 9.4) and succinate delry-
drogenase Fibers were clussified as fast twirch glveolvtic (FG), fast iwitch oxidative
elyeolvtic (FOG) or slow nvitch oxidative {(SO) The percentages of all 3 fiber rypes
were significantly different between breeds. Quarter Horses had a higher (P < 001)
percentage of FG fibers and a lower (P < .001) percentage of FOG fibers, and a
significamily lower (P < 001) percentage of SO fibers than STB Small changes oc-
curred in the percent FG, FOG and S0 fibers as a function of age in both QH and
STB. However, the only age-related significant change was an increase (P < 03) in
percent FOG fibers from QH

Index terms: Horse, growth.

Introduction

Studies (Snow and Guy, 1980; Snow and Guy, 1981; Stull and Albert, 1981) indicate
that the percentage of different muscle fiber types varies substantially with the breed
and type of horse. Studies of human muscle (Saltin er af , 1977; Inbar et a/., 1981)
have shown that the fiber type comnposition of the vastus lateralis, a muscle used actively
in running, is correlated with athletic performance. Snow (1983) reported that signif-
icant differences were found between the percentage of type I muscle fibers in the
middle gluteal muscle of Thoroughbred horses classed as stayers versus Thoroughbreds
classed as sprinters or medium-distance runners. The gluteus medius is the major pro-
pulsion muscle in the horses’ hind limbs. In order to interpret fiber type information
from very young animals and make meaningful projections, the dynamics of muscle
fiber type populations as a function of age must be known.
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Suzuki and Cassens {1980} found that the percentage of type I (slow-twitch) muscle
fibers increased from birth to § weeks of age in several muscles of the pig. In young
hamsters (Goldspink and Ward, 1979), per cent siow-twitch type fibers decreased over
time in the biceps brachii, while the percent slow twitch type fibers increased over time
in the soleus. In the horse, Lindholm and Piehl (1974) reported that the percent fast
twitch highly oxidative fibers in the middle gluteal was higher in adult horses than in
6-month-old foals The percent fast-twitch low oxidative fibers was lower in aduit horses
than in six-month-old foals. Essen, er af ., (1980) found that a sub-class of fast twitch
fibers, type II C, was more predominant in the middle gluteal of foals than in older
horses Others (Essen-Gustavsson er al., 1983; Henckel, 1983) have reported increasing
percentages of type Il A fibers and decreasing percentages of type Il B fibers as a
function of increasing age in foals 6 months of age and older. Thornton and Taylor
(1983) reported that very young foals may enhance their anaerobic, rather than aerobic
components of muscle metabolism during the first few months of life.

The purpose of the present study was to systematically investigate changes in per
cent muscle fiber types with increasing age. Beginning with young foals, middle gluteal
biopsy samples were removed from the same individuals over a one year span of time.

Materials and Methods

Eleven Quarter Horses (QH) and 6 Standardbred horses (STB) were studied Muscle
biopsies were taken 2 cm below the fascia from the middle portion of the M. gluteus
medius of each horse at 1 day, 3 months, 6 months and | year of age. The biopsy
location was identified as being a site on the croup at an angle of 45° dorsocaudal from
the tuber coxae In 1-day-old foals, the biopsy site was 5-6 cm from the tuber coxae,
while in yearlings the site was 8-10 cm from the tuber coxae The exact location of
the biopsies in all horses from | day through 1 year of age was influenced by individual
muscie size. The biopsies were alternately taken from the left and right middle gluteal
on each subsequent sampling occasion to minimize possible interference of scar tissue
and muscle regeneration

All foals were kept on grass-alfalfa pasture with free access to creep feed of ap-
proximately 70% digestibility and 18% crude protein until weaning at 3 months of age.
After weaning and until I year of age, foals were kept in large dry lots or on pasture.
When not on pasture, foals received mixed grass-legume hay or haylage of about 16%
crude protein on a dry basis at a rate of 2% of body weight daily and supplemental
grain at an average rate of 1% of body weight daily. Growth rates and healith of foals
throughout the study were normal for age.

Before cach biopsy, the hair at the biopsy site was shaved and the skin was thor-
oughiy cleansed. Three ml of lidocaine without epinephrine were injected beneath the
skin and fascia as a local anesthetic. A stab incision was made through the skin and
fascia, and biopsies were retrieved from 2 cm below the fascia using a Love-Gruenwald
Invertebral Disc Rongeur with 3 X 10 mum cups and a seven inch shaft.

Histochemical analysis. Muscie samples for histochemical analysis were mounted
onto chucks, cut into 10 pwm sections on a cryostat at —20°C and stained for myosin
ATPase (pH 9.4) (Padykula and Herman, 1955) and succinate dehydrogenase (Nachlas
et al., 1957). The percentage of fibers staining negative for succinate dehydrogenase
(SDH) was designated as the per cent FG fibers and the percentage of fibers staining
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negative for myosin ATPase was designated as the per cent SO fibers. The percentage
of FOG fibers was determined by the formula % FOG = 100 — (% SO + % FG)
(Snow and Guy, 1980) At least 200 total fibers per section were characterized for each
stain from 2 or 3 locations within a section.

Statistics . Linear regression coefficients of fiber types versus age for each horse were
calculated. A regression coefficient for a given fiber type represents the rate of change
in fiber type per cent through 1 year of age. These regression coefficients were used
as the data on which further statistical analyses were based (Allen er al , 1983). t-tests
were used to test whether the regressions of fiber types on age were different than zero
Analysis of variance of regression coefficients was used to compare changes in fiber
types between breeds. The animal within breed mean square was used as the error term
for testing differences in fiber type changes between breeds because animals were nested
within breed. Analysis of variance of mean per cent fiber types averaged over all ages
was used to compare per cent fiber type populations between breeds.

Results

Table 1 lists the fiber type percentage for samples taken from QH and STB at 1 day,
3 months, 6 months and 1 year of age and also, mean fiber types averaged across all
ages are listed for each breed. Quarter horses had a higher (P < .001) percentage FG
fibers, lower (P < 001) percentage FOG fibers and lower (P < .001) percentage SO
fibers than Standardbreds.

Table 2 shows mean linear regression coefficients for the regression of three fiber
types on age, the standard error of the mean, the r-value and the probability of obtaining
a larger r-value if the regression coefficient were actually equal to zero. This infor-
mation is presented averaged over both breeds, and also separately according to breed.

When both Quarter Horses and Standardbreds were analyzed together, there was an

TABLE 1 Age differences in percentage of muscle fiber types of Standardbred (STB) and Quarter
Horses (QH)*

FG FOG S0
Apge QH 518 QH 5TB QH STB
1 day 404 +29 3D0x50 515229 3577%40 §1 =19 12316
n= 10 n==6 n= 10 n =0 a = i} nw= 6
3 months 440=37 324£30 45548 554248 105+ 28 122+ 34
n= 10 n= 3 n= 10 n=S5 n = ¢ n=235
6 months 42635 d2+44 456230 50447 8% 17 15414
a=0 n=3 n=9 n=>5 nw= 9 n=3
i year I +34 205+26 48536 547x36 12638 15816
g =10 n=6 n= 0 n=256 n= 10 n==6
Combinedage 415*34 313x39 478x37 548242 107T+27 13021
means a= I n=6 n= il n==6 n=1l n==6

*Values are given as mean per cent = S 1. The n values for QH less than 1 and STB less than 6 reflect
missing samples FG = fast twitch glycolytic; FOG = fast twitch oxidative glycolytic; 50 = stow twitch
oxidative
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TABLE 2 t-Tests of mean regression coefficients for percentage of muscle fiber types in middle
gluteal of Quarter and Standardbred Horses from birth through one year of age

Fiber Std error of
type Coefficient the mean t P

Combined Horses {n = 16)

FG 713 278 2.56 0.022
FOG -9 93 332 —-2.99 0 009
S0 2 80 1 66 1.69 0.112
Quarter Horses (n = 11}

FG 698 369 1 8% 0.088
FOG —10 56 421 -2 31 0 031
SO 358 170 1.70 0120
Standardbreds {(n = 3)%

FG 745 421 1.77 0 151
FOG —8.55 585 —1.46 0218
S0 110 2.78 039 0.713

*Both the 3 and 6 month samples were missing from the same STB horse, therefore, only five
animals were used for the analysis
FG = fast twitch glycolytic; FOG = fast twitch oxidate glycolytic: SO = slow twitch oxidative

increase (P < .03) in per cent FG fibers and a decrease (P < 01) in per cent FOG
fibers as a function of increasing age. No significant change (P > .05) was detected
in per cent SO fibers.

Discussion

In this study, small changes were observed in the percentages of the different fiber
types as a function of age. An approximate 12% decline in the per cent FOG fibers
was found from one day of age through 6 months of age for both Quarter Horse and
Standardbred foals. However, at | year of age, the values were similar to the initial |
day levels. The overall mean regression coefficient for FOG fibers (—9 93) reflects the
decreasing per cent FOG fibers for the first 6 months after birth.

Regression analysis over all horses from [ day through 1 year of age also detected
a slight tendency for the percentage of FG fibers to increase due to the initial rise up
to0 3 to 6 months after foaling. The per cent FG fibers at one year also returned to
approximately the same level as at day 1. Although per cent SO fibers numerically
increased throughout the first year of age in both QH and STB foals, the increase was
not statistically significant (P > .05).

The significant differences seen in the per cent fiber type populations of FG, FOG
and SO fibers between Quarter Horses and Standardbreds are not surprising in light of
their respective athletic specializations. The Quarter Horse breed, developed for strength,
agility and short distance sprinting speed could be expected to have a higher percentage
of FG fibers and a lower percentage of SO fibers than the Standardbred, which is a
middle distance sprinter. The larger per cent FOG fibers in Standardbreds could indicate
less reliance on the easily fatigued FG fibers.
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Had this study not examined the per cent fiber types in very young foals, the con-
clusions reached concerning per cent fiber type changes as a function of age would
have been identical to those of other researchers (Essen-Gustavsson er al , 1983; Henckel,
1983) who sampled foals at & months of age and beyond. These investigations noted
an increase in the percentage of type Il A fibers and a decrease in the percentage of
type 11 B in foals as they grew from 6 months of age to I year and beyond A similar
conclusion could be reached in this study by looking only at the 6-month and I-year-
old foals. However, the increase in per cent FOG fibers in foals from 6 months to |
vear of age was preceded by 6 months of decreasing per cent FOG fibers Likewise,
the decrease in per cent FG fibers in foals from 6 months to 1 year of age was preceded
by 3 10 6 months of increasing per cent FG fibers,

A continuous but nonsignificant (P > 05) trend of increased per cent SO fibers from
I day through | year of age was also noted in this study. The 2-cm sampling depth in
newborn foals is relatively deeper within the middle gluteal muscle than at subsequent
later sampling occasions. If the per cent SO fibers do not change as a function of age,
a slightly higher proportion of SO fibers could be detected in muscle samples from the
horses at younger ages However, our results indicate fewer SO fibers at younger ages.
The possibility remains that an increase in per cent SO fibers occurs in foals from birth
through I year of age.

The trend in this study for per cent FG fibers to increase from 1 day through 6 months
of age and for per cent FOG fibers to deciease is consistent with the conclusions of
Thornton and Taylor (1983) that very young foals enhance their anaerobic components
of muscle during the first several months of life. However, in this study the degree of
change seen in the per cent fiber types over the first year was small. This observation
is consistent with the advanced physiological muscle maturity of newborn foals. Dif-
ferences in the per cent FG, FOG and SO fiber types (Raub et al , 1986) between adult
and fetal equine middle gluteal were greater than the differences between neonatal and
older foals found in this study
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