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Carnosine Accounts for Most of the Variation in
Physico-Chemical Buffering in Equine Muscle

D. A SEWELL, R. C. HARRIS and M. DUNNETT
Departnent of Comparative Physialogy, The Animal Health Trust. P Q Box 5, Newmarket,

Suffoll. CB8 7DW, England

ABSTRACT The ability of muscie to buffer protons may be a key determinant
of sprint performance. Buffering capacity determined by titration (Bmy,,
mmol H" kg~' d.m ) between the pH iimits of 7 1 to 6 5, carnosine content {carn ,
mmol kg~! d.m.) and % fibre section area were measured in muscle taken from up to
six different sites in the middle gluteal muscle of four Thoroughbred horses and one
pory at post mortem. Bmy,, and carnosine were positively correlated to % type I
fibre section area {r=0.57, p<0.0! and r=0.75, p<0.001 respectively). Multiple
linear regression analysis was used to estimate the carnosine content of individual
fibre types when present at 100%. Type [ fibres appear to have & low carnosine
content whilst type I{a and Hb fibres would appear to have a similar carnosine
content, The variability in Bm,;,, was accounted for almost exclusively through
variability in the specific buffering of carnosine {(Bm,,,, ) calculated from the Hen-
derson-Hasselbach equation. Non-carnosine buffering (Bmagn.cua ) Was constant at

all fibre compositions.

Key words Acidosis; horses; muscle fibres; middle gluteal.

INTRODUCTION

Sprinting mammals perform high intensity
exercise of short duration resulting in the
production and accumulation of large
amounts of lactic acid. The energy providing
pathways incur a rapid turnover of ATP, an
accumulation of protons, and a decrease in
intracellular pH. The buffering of protons
oceurs through the dynamic processes of bi-
carbonate exportation and proton loss into
the blood, and within the muscle through
phosphocreatine hydrolysis® and physico-
chemical (static) buffering by proteins, di-
peptides and inorganic phosphate. The abili-
ty of muscle to buffer protons may be a key
determinant of sprint performance. '*

The histidine dipeptides carnosine, anser-
ine and ophidine have pKa values in the
range 6.8 to 7.1, making them effective phy-
sico-chemical buffers over the normal phys-
iological pH range Based on their content in
the muscle of various species, Davey® con-
cluded that these dipeptides can contribute

as much as 40% to the physico-chemical
buffering in resting muscie. The higher con-
tent of histidine dipeptides in the muscles of
animals exposed to prolonged periods of
hypoxia, and those adapted for high speed
running, suggests an adaptive response to the
adverse effects of acidosis. In a comparison
of the Thoroughbred horse, greyhound dog,
and man, Harris et al” concluded that the
higher physico-chemical buffering (Bmy;, ) in
the horse and dog, compared with man, was
due to the higher muscle content of histidine
dipeptides.

In the present study, we have investigated
the variability of carnosine with fibre type
within the middle gluteal muscle of the horse
and examined its contribution to muscle
buffering capacity (Bmy,, ).

MATERIALS AND METHODS

The left or right middle gluteal muscle of
four Thoroughbred horses and one pony was
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Fig. 1. A comparison of carnosine conient with
percemdage type {1 muscle [ibre section area in
sampie sites {rom Thoroughbred {{J) and pony (¢).
r=075, p=<0001.

removed at post-mortem. Animals had been
referred following recent sudden death, usu-
ally in association with training. The Thor-
pughbreds (2 mares, | stallion, 1 gelding)
were aged between 6 and |1 years.

A 1 cm transverse section from the middie
of the whole muscle was taken and samples
(approximately 5 mm?®) were obtained from
up to six different sites. Portions from each
sample were stored in Hquid nitrogen until
subsequent histochemical analysis. The re-
mainder of the sample was freeze-dried, dis-
sected free of blood and connective tissue
and powdered for the analysis of carnosine
and buffering capacity.

Histochemistry. Samples were mounted
and cut into sections 10 pm thick in a cryo-
stat at —20°C and stained for myosin
ATPase' at pH 4.5. Analysis of the percent-
age type 1, Ha and IIb muscle fibres and
fibre area measurements were performed us-
ing a Joyce-Loebl ‘Magiscan’ image analysis
systemt. The % type Il fibre section area
was calculated according to the formula:’
100-{(type 1I fibre area-% type Il fibres)/
[(type I fibre area-% type [ fibres) + (type U
fibre area-% type II fibres)].

Measurement of buffering capacity. The
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method described by Marlin and Harris?!
was used. Measurements of pH were made
using a M1-410 microelectrode attached to a
Corning 150 pH/ion meter. Homogenisation
reagent (lodoacetic acid 5 mmol 17}, NaCl
10 mmol 17!, and KC| 145 mmol 17" was
added to dry muscle powder (10 mg ml™7)
and the sample dispersed for { min using an
Ultra-Turrax at 4°C. The tube containing
the homogenate was subsequently placed in
a water jacket at 37°C above a magnetic
stirrer and allowed to equilibrate for 5 min.
If required, an adjustment to pH 7.1 was
made using 50 mmol 1=! NaOH. When once
again stable (but no later than 5 min after
adding NaOH), the homogenate was titrated
from pH 7.1 to 6.5 using 20 pl aliquots of 10
mmol 1=! HCI. For verification, the homo-
genates were back titrated to pH 7.1 using 10
mmol 17! NaOH. Buffering capacity deter-
mined by titration (Bm;, ) was calculated by
plotting acid/alkali added apainst pH. From
this, the volume of acid/alkali added be-
tween pH 7.1 and 6.5 was found and a mean
of the two values calculated. {As buffering
curves are non-linear over the physiological
pH range it is important to define the pH
limits over which values are measured )
Buffering due specifically to carnosine was
calculated using a transformation of the
Henderson-Hasselbach eguation:

1
[ACin] = n [TOté ]
| +antilog,y {pH —~pKa)

using a pKa value for carnosine of 6.83.

Assay of carnosine Neutralised perchloric
acid extracts of muscle were prepared ac-
cording to Harris et al > 20 ui was derivatised
with o-phthalaldehyde and carnosine meas-
ured by HPLC '® Carnosine was cluted with
a methanol gradient and identified using flu-
orescence detection.

RESULTS

The fibre composition over the different
sites in the 5 horses showed a range in type 11
fibre section area of 1% to 95%. In keeping
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Fig. 2 A comparison of buffering capacity (Bm,; }
with carnosine content in sampie sites from Thor-
oughbred () and pony (¢) r=076, p<0.001.

with previous work of Bruce and Turek,’
samples obtained from deeper parts of the
muscle consistently contained a greater pro-
portion of type I fibres. These samples
showed the lowest content of carnosine (Ta-
ble I).

Carnosine content was positively correlat-
ed to type Il fibre section area (r=0.73,
p<0.001, Fig 1) and in the samples assayed
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Fig. 3 A comparison of buffering capacity (Bm,,, }
with percentage type [ muscle fibre section area

in sample sites from Thoroughbred (CI) and pony
(%) 1=035%7, p<0.01.

ranged from 23 to 126 mmol kg~! dm. A
similar correlation (r=0.78, p<0.001) was
obtained on multipie linear regression analy-
sis of the carnosine content with percentage
fibre section area (I and Ila, Ila and Iib,
and, I and IIb) Using the intercept of each
analysis the carnosine content of the differ-
ent fibre types was estimated to range from
21 mmol kg~! d.m. for type I fibres to 116

Table . Carnosine content (carn ) and buffering capacity (Bmy, ) compared with estimates of

Bi Reurn

Bm,, is the calculated contribution to buffering due specifically to carnosine in the pH range 6.5to 7.1
Bt yomcar =By, —Bmy, . Bm = mmol H* kg~! dry muscle pH 6 5-7.1, carnosine = mmol kg~' dry

muscle

Type I fibre

section area (%) 0-60 61-70 7i-80 81-90 91100

Bmy,, X 88 90 95 101 102
Sb 9 12 7 10 9

Carnosine x 49 63 75 99 30
Sb 24 15 13 24 16

By X 16 21 25 33 30

Briyonecarn X 72 69 740 68 72

n 5 4 6 4 3




Table 2. Carnosine content (carn ) and buff-
ering capacity (Bmy, ) of type I, Ha, and II'D
muscle fibres estimated from multiple linear
regression analysis

Bm,,, is the calculated contribution to buffer-
ing due specifically to carnosine in the pH range
65 te T1 anon«:&rn = Bmlilr."'BmcarlH Bm =
mmo! H* kg' dry muscle pH 6 5-7 1, SE = stand-

ard error

Fibre type 1 Ia iib SE
Carnosine 21 86 il6 16
Bmy, 18 98 109 9
Bmﬂll’ll 7 -?'9 38
Bmyuncasn 7} 69 71

mmol kg~! d.m. for type Hb fibres (Table
2). There appeared to be no difference be-
tween the Thoroughbred horses and the
pony in a comparison of carnosine content
with fibre composition.

Buffering capacity ranged from a mean of
88 mmol kg~ d.m. in samples with the fow-
est type I1 fibre section area, to a mean of
102 mmol kg=' d.m. in samples with the
highest type II fibre section area (Table 1).

Buffering capacity was positively correlat-
ed to carnosine content (r=0.76, p<0.001,
Fig. 2) and type 1l fibre section area {r=0.57,
p<0.01, Fig. 3) with again no apparent dif-
ference between the horses and the pony in
the dispersion of values.

Multiple linear regression analysis of
Bmy;,, against fibre section area gave a simi-
lar correlation to that in Fig. 2 (r==0.60,
p<0.01). Results indicated a range in Bmy,
from 78 mmol kg~' d.m. for type I fibres to
109 mmol kg~! d.m. for type [1b fibres.

In Tables 1 and 2, the specific buffering of

carnosine (B, ) has been calculated from
the Henderson-Hasselbach equation. Values
of Bm,,, have been deducted from Bmy,, to
estimate non-carnosine physico-chemical
buffering (Bm, oo ). 1t can be seen that
most of the variability in Biny;,, was account-
ed for through variability in Bmg,,. Non-
carnosine buffering was constant at afl fibre
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compositions showing minimal variation be-
tween the three fibre types.

DISCUSSION

Estimates of Bm,;,, in Table 1 were meas-
ured in the pH range 7.1 to 6.5 as this ap-
pears typical of the change in muscle pH
from rest to intense exercise '® Averaged
over this pH range, carnosine accounted for
approximately 30% of the measured phy-
sico-chemical buffering in muscle with a
type 1l fibre section area ranging from 61 %
to 100%. A contribution to physico-chemi-
cal buffering of 10% to 15% is more typical
for man.®

There is some concern that the homogeni-
sation of samples will alter estimates of buff-
ering capacity. Although major chemical
changes do occur, the effect upon Bmy,, is
relatively small due to the similarity of pKa’s
of the metabolites involved ” This is particu-
larly true in the case of post-mortem and
post-exercise samples.

Previous work by Bump et al.? has shown
a higher carnosine content in the muscle of
Quarterhorses (39.2 pmol g=! wet muscle)
than in Thoroughbreds (31.3 pmol g~' wet
muscle) and Standardbreds (27.6 pmol g™'
wet muscle). The higher content of carnosine
in Quarterhorses is consistent with the preat-
er percentage of fast twitch glycolytic fibres
(38.8% compared to 24.0% and 23.8% re-
spectively) These results are in agreement
with the present study though they indicate
that still higher carnosine contents must oc-
cur in the type I {fibres of the Quarterhorse.

The inference of a low carnosine content
in type I muscle fibres is consistent with
their recruitment during low intensity activi-
ty when accumulation of lactic acid is mini-
mal. The small difference between IIa and
[1b fibres on the other hand is consistent
with the stmilar glycolytic function in these
fibres. A major finding from this investiga-
tion was that the variation in physico-chemi-
cal buffering within eguine muscle can be
accounted for almost exclusively by the car-
nosine content. This excludes any variation



280 D A Sewell et al

in dynamic buffering due to bicarbonate loss
or PCr hydrolysis during exercise. Physico-
chemical buffering by other sources measur-
able in freeze-dried muscle appeared con-
stant over a wide range of fibre composition
Previous studies comparing human, grey-
hound dog and Thoroughbred horse have
indicated that histidine dipeptides also ac-
count for the major variability in muscle
buffering observed between these three spe-
cies.”
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