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ABSTRACT. Twenty-cight Swedish Standardbred trotters {age 2-9 years) per-
formed a standardized exercise tolerance test on a treadmill. The total blood volume
per kg body weight (TBV kg™'), speed producing a blood lactate concentration of 4
mmol [7F (V) and a heart rate of 200 bpm (V) were measured. Biopsies from m.
gluteus medius were taken and analysed for capiilary supply, fibre type composition
and activities of citrate synthase {CS), 3-OH-acyi-CoA dehydrogenase (HAD) and
lactate dehydrogenase {£ DH). Among ihe horses, capillary density varied 2-fold, the
percentage of type I fibres 4-fold, enzyme activities 3-fold and cardiocirculatory
parameters 1.6-fold. The mean area of type 1IB fibres was 2 times larger and of type
IA fibres 1 3 times larger than that of type I fibres. Interrelationships were found
between capillarization, muscle characteristics and cardiocirculatory parameters,
Capillary density and capiliarization of type 1IB fibres correlated positively with
TBV kg~' (p<0.01), Vi {p<0.01), percentage of type | fibres (p<0.001) and
negatively with LDH (p<0.01). No correlations were found with capillarization of
type 1 and I1A fibres. It is concluded that the capillary supply of muscles, especially
of type 1B fibres, is of importance {or acrobic capacily and exercise tolerance in
horses.
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INTRODUCTION

During muscular work oxygen has to be de-
livered continuously to the mitochondria for
aerobic energy production. The dimensions
of the cardiocirculatory system and its capil-

lary bed as well as the structure and metabol- -

ic profiic of muscle will therefore limit the
capacity for aerobic metabolism and work
performance. Horses have a high potential
for aerobic energy production as indicated
by a large blood volume and a high maximal
oxygen uptake as well as an abundance of
mitochondria, high activities of oxidative
enzymes and a large capillary supply in the
muscles.” ' !> The aerobic capacity and car-
diocirculatory dimensions of horses can be
evaluated by means of exercise tolerance
tests on a treadmill. ™' The use of the mus-
cle biopsy technique and histochemical and
biochemical analyses has made it possible to

evaluate the structure and function of the
muscle.'418

Skeletal muscles are composed of fibres
with different contractile and metabolic
characteristics (type I, IIA and IIB). In
horses, the oxidative enzyme activities and
mitochondrial content have been shown to
be highest in type I and 11A fibres, while the
glycolvtic enzyme activities are highest in
type 1IB fibres.*

Interrelationships between cardiocircula-
tory parameters and muscle characteristics
have been demonstrated in horses, but capil-
fary supply has not been taken into consid-
cration.!? The purpose of this study was to
determine the relationships between capil-
larization, cardiocirculatory parameters and
muscle characteristics in Standardbred trot-
fers.
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MATERIALS AND METHODS

Horses  Twenty-gcight  clinically  healthy
Swedish Standardbred trotters were includ-
ed in this study: 6 mares, 5 geldings and 17
stallions, ranging in age from 2 to 9 years. All
horses were in regular training programmes.
Some of the 2 year olds were used for a study
of training effects on young horses, others
were brought by their trainers for a routine
check on work performance. Total blood
volume was within +2 SD of the predicted
normal value with regard to age and sex vari-
ation.?

A standwrdized incremental exercise toler-
ance test (SET) was performed on a high
speed treadmill (Sikob, Sweden) with a
6.25% slope. The horses trotted for 2 min at
each speed of 5,6, 7and 8or6,7,8and9m
s~!, aiming at a final heart rate of about 200
bpm. The young, relatively untrained horses
trotted at the lower speeds. The heart rate
was recorded during the last 15 seconds at
each speed (Mingograph 804, Sicmens-
Elema). Blood samples for lactate analysis
were drawn from a jugular catheter at rest
and during the last [5 seconds at each speed.
Blood lactate analyses were performed using
an enzymatic procedure (Boehringer, test
combination No 1[24842) A dye dilution
method (Evans Blue) was used to measure
total biood volume.!® The exact speed of the
treadmill was determined by timing 10 revo-
iutigns, and Vi and Vy,, were extrapolat-
ed °

Muscle biopsies. Within a week of SET, a
sample from m gluteus medius was taken
using the needle biopsy technique'® The
sample was divided into two parts which
were prepared for histochemistry and bio-
chemistry. All samples were stored at
—80°C until analysed.

Histochemical analvses. Serial sections
were cut in a cryostat at —20°C. Myofibril-
lar AT Pase staining after pre-incubation at
phl 4.6 was employed to identify type 1, IIA
and 1iB fibres, and the fibre type compaosi-
tion was calculated from a minimum of 200
fibres.® Capillaries were visualized using the

amylase-PAS method' and values for capil-
laries per fibre (cap fibre™'), capillary densi-
ty (cap mm ~3), the mean number of capillar-
ies in contact with fibres of each type {(CC)
and CC relative to fibre type area (CC um™*
10~%) were calculated ? Areas were measured
on photographs of the sections stained for
capillaries with a MOP digiplan analyser
{Kontron). The mean area framed for capil-
lary counts was 0.5 mm® and contained an
average of 180 fibres.

Enzyme analyses. The muscle was frecze-
dried for 24 hours and dissccted free from
blood, fat and connective tissue. 1-2 mg of
tissue was homogenized with an ultrasound
disintegrator in ice cold potassium phos-
phate buffer (0.1 M, pH 7.3) at a dilution of
1:400. Activities of citrate synthase (CS), 3-
OH-acvi-CoA dehydrogenase (HAD) and
lactate dehydrogenase (LDH) were analysed
using fluorometric methods **

Statistical analyses. Conventional statisti-
cal methods were employed to calculate
means, standard deviations and correfation
coefficients using Macintosh  Statview
5124,

RESULTS

Means, standard deviations and ranges for
capillarization, muscle characteristics and
cardiocirculatory parameters are presented
in Table 1. Among the 28 horses capillary
density varied 2-fold, the percentage of type
! fibres 4-fold, enzyme activities 3-fold and
cardiocirculatory parameters |.6-fold (Table
1, Fig. 1),

Only small differences were seen in the CC
of the fibre types. The mean azea of type [IB
fibres was 2 times larger and of type IIA
fibres 1.3 times larger than that of type I
fibres. Type B fibres had a 1.6-fold larger
mean area than type IIA fibres. CC relative
to fibre area was higher for type [ (70 %) and
type TIA fibres (50%) than for type IIB fi-
bres, Correlations between capillary supply
and muscle fibre type composition, enzyme
activities and cardiocirculatory parameters
are shown in Table 2. Capillary supply corre-
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Tabie }. Mean, standard deviation and range of capillarization, mean fibre type area, fibre
type distribution, activities of citrate synthase (CS}, 3-OH-acyl-Cod dehydrogenase (HAD)
and lactate dehydrogenase (LDH), total blood volume per kg body weight (TBV kg=!), speed
producing a lactate concentration of 4 mmol 171 (V,,4) and speed at a heart rate of 200 bpm

(V20e) Jor Standardbred trotters (n=number of horses)

Mean + 8D Range 7
Cap mm=* 725 138 486-1031 28
Cap fibre™’ 2.00 0.13 100-2.4% 28
Contact capillaries
per fibre of each type (CC)
1 50 0.7 316-62 27
1A 5.67 0.7 40-70 27
B 5.9 0.9 4.1-74 27
Fibre type area, pm’
1 1947 394 1136-3026 27
IA 2457 152 17773 262 27
IiB 39230 744 28725980 27
CC relative to
fibre type area, pm=* 1073
I 2.60 0.36 I 80-3.30 27
A 2.300 0.30 1.69-2 88 27
IiB ].540% 0.35 1.07-2.33 27
Fibre type distribution, %
1 20 8 9--38 28
HA 46 7 34-58 28
1B 35 10 10-50 28
Enzyme activitics,
mmol kg~' min~!
CS 55 19 27-96 23
HAD 28 10 18-51 2!
LDH 1404 278 6491743 22
TBV kg~! ml kg~! 120 16 97-154 28
Vi M5~ 8 96 122 742-12.12 27
Vopp, m 87! 8.16 1.19 3.84-10.11 28
4 Significantly different from type I fibres.
b Significantly different from type HA fibres.
DISCUSSION

lated positively with TBV kg™, Vi, Vi
the percentage of type I fibres, CS and HAD
and negatively with LIDH and the percentage
of type IIB fibres. There were significant cor-
relations (p<0.001) with age for cap mm™?
{(r=0.77) and CC relative to type 1iB fibre
area {r=0.71). When the correlations of the
capillarization expressed in relation to fibre
size (CC pm~2 10~%) were considered, the
most significant correlations were seen with
the type I1B fibres,

The relationships between capillarization
and muscle oxidative capacity in this study
are in accord with earlier findings in man
and various animals.”'%-!1- 1317 There is also
good agreement with other reported values
for horse muscle regarding cap mm™2 and
CC<R'9

The capillarization of muscle can be ex-
pressed in different ways, such as cap fi-
bre~!, cap mm~?%, CC and CC in relation to
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A B

Cap/mm2 1031 486
CCHB/area 2.33 1.10
TBWkg 128 104
Viag 938 7.81
Voo 891 7.21

CS 96 39

HAD 40 22
LDH 649 1650

Fig | Capillary (top) and ATPase pH 4 6 (boltom) stainings from the horses with the highest (A) and
lowest (B) capillary supply. On each side are shown individual values for capillarization, cardiocircula-
tory parameters and muscle enzyme activities. Abbreviations as in Table |. Scales 100 um

fibre type area. Cap fibre~* does not take and an ampie supply of oxygen and sub-
fibre size into account and is therefore of strates to, as well as elimination of waste
limited value as no informalion can be ob- products such as lactate and heat from the
tained about diffusion distances. A high cap muscle. One limitation of cap mm™?, how-
mm~* indicates small diffusion distances ever, is that it gives no information about the

Table 2. Correlations between capillary supply and muscle fibve type composition, enzyme
activities and cardiocirenlatory parameters

Abbreviations as in Table |

% I Y% IIA Y% (1B Cs HAD EDDH TBVkeg™ Vi Vi
Capmm™  Q.70%** 0.13 —0.63** 0.63¥* (.56%* —0 59%% (.52 0.39% ( 59%**
Cap fibre~! 053 017 0.5  (42% (.36 w3 43%  (.48%* 0.41% 0.48%*
CC relative
to fibre
{ype area
{ 0435 -002 —0.30 028 (.31 -0.37 009 029 019
{IA 030 -{.17 -0.03 0.05 0.04 -0.34* 003 025 012
1B 0.62%%+ 0.03 —0.44* 042 0 46* —0 T3EEx () 51+ 0.46*% .52+

p<005% p<0.01**, p<0001%**



capillarization of the different fibre types.
More detailed information about capillariza-
tion can be derived from CC relative to fibre
type arca, as the supply to each fibre type is
studied. From the results in this study it can
be concluded that fibre type and fibre size
are important for capillarization because CC
of the different fibre types are quite similar,
but when fibre size is taken into account a
marked difference in capillarization is estab-
lished.

It is noteworthy that the area of type 1IB
fibres is twice as large as the arca of type |
fibres. Even though the number of capillaries
surrounding type IIB fibres is somewhat
higher than for the other fibre types, the
supply of oxygen and substrates to these fi-
bres will be smaller because of their larger
area. Accordingly, capillary supply will be
poor in muscies having many large type 1IB
fibres while muscles with many small type I
fibres will have an abundant capillary sup-
ply, as can be seen from Fig. 1. Therefore it
is not surprising to find that cap mm~* and
cap fibre~! correlate positively with the per-
centage of type 1 fibres and negatively with
that of type IIB fibres. A high percentage of
type I fibres in a muscle will result in a
higher frequency of type 1 and IIB fibres
being in contact. The capillaries surrounding
type 1 fibres are less spread apart because of
the smaller area of this fibre type (Table 1}
Consequently, type 1 fibres lying next to 11B
fibres result in increased capillarization of
the 1IB fibres. This could explain the strong
correlation between CC relative to 11B fibre
area and the percentage of type [ fibres Type
I fibres are more oxidative than type {IB
fibres, which, in turn, have a greater glyco-
lytic capacity than type 1 fibres. Therefore,
the correlations of CC relative to IIB fibre
area with the percentage of type I fibres and
enzyme activities are interrelated.

There were almost no correlations with
capillarization of type | and IIA fibres,
whereas the capillary supply of 1IB fibres
correlated with most parameters (Table 2).
The correlation found between age and CC
relative to I1B fibre area, which also includes
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an element of training status, could hold an
explanation for this. Due to the differences
in the age of the horses, their time in training
will obviously be different. It has been
shown in a number of animals with differing
life patterns that a higher ievel of activity
causes higher capillary supplies in muscles.’
On comparing active and inactive horses, it
was found that the active horses had smaller
type IIB arcas than the inactive ones.® In this
study it is not possible to distinguish be-
tween the effect of age and that of training,
but it seems as though the primary activity-
related adaptation in the muscle is that the
type 1IB fibres become smaller and thereby
more capillarized. The characteristics of this
fibre type will therefore have a greater influ-
ence on the other parameters than types I
and IIA. V4 primarily reflects the oxygen
conveying capacity while TBV kg™' is a
marker for both the dimensional capacity of
the cardiovascular system and the oxygen
transport capacity.'® Further, both TBV
kg~' and capillarization are dependent on
training, which induces an increase in aero-
bic potential **311-1% Consequently, the re-
lationship with the capillary density of the
skeletal muscles is to be expected. The influ-
ence of CC relative to 1B area on these
parameters might not only be caused by the
higher delivery of oxygen and substrates to
the 1IB fibres, but also by the facilitated ef-
flux of lactate, ammenia and heat from
them. Type IIB fibres have a high glycolytic
capacity and may, therefore, have a high
production of lactate during work. With an
casier removal of waste products, the detri-
mental effects caused by a lowered pH might
be postponed, thereby improving the work
performance of the horse.

It can be concluded that relationships
(p<0.01) exist between the capillary supply
of skeletal muscle and the functional and
dimensional capacities of the cardiocircula-
tory system as well as structural and bio-
chemical properties of the muscle. It was
found that the capillarization of type IIB
fibres seems to be of importance for the acro-
bic capacity and exercise tolerance in horses.
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This was shown by the significant relation-
ships (p<0.01) to the cardiocirculatory para-
meters.
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