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Abstract: Enzyme activities and fibre properties in four muscles from Svalbard reindeer, collected during the
summer, have been compared with corresponding muscles during the winter. In two muscles, gluteobiceps and
semimembranosus, oxidative capacity is higher in winter than in summer; in the other two muscles,
semitendinosus and longissimus dorsi, there is no difference with time of the year. The capacity to oxidize fatty
acids is low in winter compared with summer, especially in semitendinosus and longissimus. These changes
are similar in both sexes.

Histochemical studies of the three main fibre types, I (BR), ITA («R) and IIB (W), from the four muscles
show that in male reindeers the muscle fibres are narrower at the end of the winter season than during the
summer. The decrease of muscle tissue amounts to about one third of the total volume (33%), of which I accounts
for 5%, IIA for 2% and IIB for 26%.

The results indicate that the Svalbard reindeer use lean tissue in general, and ITB fibres in particular, in order
to survive the hostile arctic winter period at Svalbard.
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Sammandrag: Enzymaktiviteter och fiberegenskaper i fyra av Svalbardrenens muskler, insamlade under
sommaren, har jimférts med motsvarande muskler insamlade under vintern. I tvd muskler, gluteobiceps och
semimembranosus, ir oxidativa kapaciteten hégre under vintern dn under sommaren; i de andra tvi musklerna,
semitendinosus och longissimus dorsi, foreligger ingen skillnad i detta avseende. Kapaciteten att oxidera
fettsyror ar ldg under vintern jimfért med sommaren, speciellt i semitendinosus och longissimus. Inga
kénsskillnader féreligger i dessa avseenden.

Histokemiska studier av de tre huvudeyperna av muskelfibrer, BR (I), =R (IIA) och =W (IIB), frin de fyra
musklerna visar att hos handjuren ir fibrerna runnare vid slutet av vintersisongen jimfére med sommaren. Denna
minskning i muskelvivnad uppgir till en tredjedel av rorala volymen (33%). Harav svarar RR for 5%, =R for
2% och =W fér 26%.

Resultaten antyder att Svalbardrenen anvinder muskelvivnad, specielle W fibrer, for ate dverleva under
den hirda arkeiska vinterperioden pa Svalbard.
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INTRODUCTION

In a previous study fibre composition and
enzyme activities were investigated in skeleral
muscle from Svalbard reindeer during the
summer season (Kiessling and Kiessling 1984).
The most striking characteristics observed were
the high oxidative capacity and the high capacity
to metabolize fatty acids despite the comparati-
vely large content of type IIB fibres. Further-
more, histochemical staining revealed only small
differences in oxidative capacity between the
three fibre types I, IIA and IIB, indicating a
tendency to bring the three fibre types closer
together as regerds metabolic activities. This
could indicate additional réles for the IIB muscle
fibres in the Svalbard reindeer besides their
classical function as an anaerobically active
muscle. One such réle may be to.serve as an extra
energy supply during starvation. Furthermore,
the IIB fibres mav be able to contribute to
physical activity by means of theiy comparatively
high oxidative capacity in spite of the tranquil life
of the Svalbard reindeer.

In the present work muscle samples from
Svalbard reindeers were collected in April when
the animals were extremely starved due to a long
period with over-icing-conditions. Fibre com-
position, fibre size and enzyme activities have
been investugated. The results are discussed in
relation to correspondmg values for the reindeer
dunno the summertime.

MATERIAL AND METHODS

Animals

Six female and seven male reindeers were killed
by shooting during late April on Kap Linné,
Nordenskiold land. The summer animals, eight
females and four males, were killed during early
July in the same area,

Table 1.

Muscles

Samples were taken from the following four
muscles: M. gluteobiceps, M. semitendinosus,
M. semimembranosus and M. longissimus dorsi.

Histochemistry

The muscle specimens for histochemistry were
taken as surgmal biopsies and treated as described
earlier (Kiessling and Kiessling 1984). Transverse
sections were stained for myofibrillar ATP-ase
and for NADH-dehydrogenase and the fibres
were classified as I, [TA and IIB (fR, =R and
< W).
Enzyme activities

Three enzymes were chosen to represent the
important pathways in energy metabolism: the
respiratory chain by cytochrome oxidase (cytox;
EC 1.9.3.1.), fatty acid f-oxidation by 3-hyd-
roxyacyl-CoA dehydrogenase (HAD; EC
1.1.1.35.) and lactate fermentation by lactate
dehydrogenase (LDH; EC 1.1.1.27.). The
analyses have been described earlier (Kiessling
and Kiessling 1984).

RESULTS
Body and carcass weight

Table 1 shows that both live weight and carcass
weight differ between the summer and winter
season in male animals while this is only found
for live weight as regards females, The small
difference in female carcass weight between
summer and winter animals is exphined by the
fact that they were killed early in the food-rich
season. Full muscle mass is obtained during
August — September.

Enzyme activities

Figure 1 shows the activities of cyvrox, HAD
and LDH in four muscles from Svalbard
reindeer, collected from 15th to 30th of April

Live and carcass weights of Svalbard reindeers in summer and winter.

Tabell 1. Levande- och slakrvikt fir Svalbardren pi sommdren och vintern.

Live weight, kg

Carcass weight, kg

d ? of Q
Summer 95.7+3.5 43.1%£2.5 43,425 19.5+1.5
n=4 n= n=+ n=_
Winter 44.9+3.6 35.0+0.8 20.6*1.9 1752003
n=7 n= n=7 n==o6
p <0.001 0.02-0.01 <0.001 n.s.
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Figure |. Enzyme activities in four skeletal muscles from male and female reindeers during summer (s) and

winter (w) season.

The columns are mean values of four to seven summer and seven winter animals. Above each couple
of columns are given statistical significance of the differences berween summer and winter animals

as regards enzyme activity

Figur 1. Enzymaktiviteter i fyra skelettmuskler frin han- och honrenar under sommar- (s) och vinter- (w)

sasongen.

Staplarna dr medelvérden av fyra till sju sommar- och sju vinterdjur. Ovanfor varje stapelpar anges
statistisk signifikans for skillnaderna mellan sommar- och vinterdjur vad betriffar enzymaktivitet.

1985. In the same table figures are given from
corresponding muscles collected during the
summer (1st to 15th of July, 1982). There are no
obvious differences in enzyme activities between
male and female animals and therefore they are
treated as one group.

The low HAD activity during the winter
compared with the summer is most striking.
Thus HAD activity is only 40% in semitendi-
nosus and about 50% in longissimus in winter.
Less pronounced differences are seen in the
remaining two muscles. The more than 50%
increase in cytox activity in gluteobiceps and
semimembranosus simultaneous with unchan-
ged activity in semitendinosus and longissimus
is also striking. All male muscles except
semitendinosus show a decrease in LDH activity
during the winter.

Fibre properties

Table 2 shows number (%) and diameter of the
three fibre types in male summer and winter
reindeers. As to diameter there is a general
difference between male summer and winter
animals in so far as that che fibres are narrower
during the winter. This difference is significant
in ITA and [1B fibres from biceps and longissimus
but not in the other two muscles, probably
because these animals were shot too early in the

4

summer. All four muscles are made into one
group (Table 3). A significant decrease in muscle
volume, on average 32.6% (mean value of at least
ten variables), is obtained for male winter
animals compared with male summer animals. I
is responsible for 5% of this decrease in volume,
TIA for 2% and IIB for 26%. No corresponding
differences in muscle size could be abserved in
female reindeer (Table 3), again probably mainly
due to the early summer «harvesting» time.

Figure 2 shows that in semitendinosus and
semimembranosus in males, and in biceps and
semimembranosus in females, the relative area
occupied by ITA and IIB fibres is different during
the winter and the summer. Thus the relative area
of 1IB fibres in a transverse section decreases and
that of ITA fibres increases during the winter.
The reason for this is partly the already
mentioned decrease in fibre diameters which is
more pronounced in IIB than in TTA fibres, but
also a transformation of IIB into IIA fibres, an
observation based on histochemical staining for
NADH dehydrogenase activity.

DISCUSSION

In a previous paper (Kiessling and Kiessling
1984) we have tried to explain the Svalbard
reindeer’'s muscle functions in the light of the
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Table 2. Fibre diameters and relative fibre numbers in four muscles from male Svalbard reindeers during

summer (s) and winter (w).

Tabell 2. Fiberdiametrar och relativa fibevantal i fyra muskler frén hanliga Svalbardrenar under sommaren

(s) och vintern (w).

Diameter, pum

Number, %

I IIA 1B I 1A IIB

Gluteo- S 37.1£2.6  40.6%3.5 44.7+£35  20%2 35+4 4513
biceps W 33.221.0 33.7+1.3 34.3+1.7 192 38%2 43%2

jal ns <0.05 <0.02 ns ns ns
Semiten- S 34.7£4.8  40.1%0.3  44.0%4.2 155 2343 635
dinosus W 30.4x1.6 36.2+2.5 39.5+3.0 b | 45+2 48+2

p ns ns ns ns <0.001 0.01
Semimem- S 36.0+1.2  35.9x2.2 37735 5E1 30+4 65+3
brano- W 33.2+2.1 31.7%£2.3  31.5+2.8 8§+ 49+2 43+2
sus P ns ns ns ns <0.001 <0.001
Long- 5 41,4+2.8 42.3%2.5 42.5%5.1 1573 36+3 56%2
isslmus W 31.243:1 32,1£2.2 31.4%2.1 11x1 41£1 481
dorsi p ns <0.05 <0.05 ns ns 0.01-0.001

extreme conditions to which these animals must
adapt in order to survive.

The animals prepare themselves for the long
winter period (with only very limited access to
feed) among other things by building up large
energy depots (Reimers and Ringberg 1983) of
highly saturated fatcy acids (Ringberg et al. 1979)
and by increasing their insulation substantially
(Nilssen et al. 1984). The Svalbard reindeer
furthermore minimizes the energy expenditure
by a very tranquil life (Nilssen 1984). Despite

these precautionary measures not only their fat
stores but also considerable amounts of lean
tissue are Jost (Reimers and Ringberg 1983). The
male animals studied in April had a mean weight
of less than 50% of that of the summer animals
(Table 1). According to Reimers and Ringberg
female reindeer may lose up to 30% of their
autumn lean body weight and males around 42%
during the winter. Food restriction to Svalbard
reindeer was shown by Larsen et al. (1985) to
cause an immediate rise in plasma levels of free

Table 3. Fibre-size and -composition in summer and winter reindeers expressed as values of four muscles.

Tabell 3.

muskler.

Fiberstorlek och fibersammansitining hos sommar- och vinterren uttryckt som medelvirden for fyra

Diameter, wm

Number, %

Relativearea

1 IIA I1IB I ITA 1B I ITA 1IB
d
Summer 37.7%1.5 40.1+1.8 42.5x2.1 14=+3 3243 5443 20 33 38
Winter 32.9+1.0 33.5x1.1 34,3+1.3 11x1 43+1 461 31 34 35
p <0.01 <0.01 0.01 ns <0.001 <0,01
?
Summer 30.0+0.8 32.8x0.7 33.940.9 121 3742 51£2 29 34 37
Winter 31x9 33.841.2 34.5+1.5 111 42+x1 47 +1 30 34 36
P ns ns ns ns <0.05 ns
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Figure 2. Fibre composition of four skeletal muscles from male and female reindeers during summer (s) and

winter (w) season.

The proportion of each fibre type is expressed as a relative area, e.g. the area as a percentage that
they occupy in transverse sections. The columns are mean values of four to seven summer and seven
winter animals. Above each couple of columns are given statistical significance of the differences
between summer and winter animals as regards fibre composition.

Figur 2. Fibersammansdttning i fyra skelectmuskler frin ban- och honrenar under sommar- (s) och vinter- (w)

sdsongen.

Andelen av varje fibertyp dr uttryckt som relativ yta, d.v.s. den yta i procent som den upptar i ett
todrsnitt. Staplarna dr medelvirden av fyra till sju sommar- og sju vinterdiur.
Ower varje stapelpar anges statistisk signifikans for skillnaderna mellan sommar- och vinterdjuren vad

betriffar fibersammansittning.

fatty acids and glycerol whereas protein
degradation, measured as plasma urea, increased
steadily only from day eleven. Our hypotesis,
based on the unexpectedly high content of 1B
fibres in the skeletal muscles of Svalbard
reindeers, was that particularly these fibres may
constitute an energy reserve to be utilized when
fat depots are consumed (Kiessling and Kiessling
1984),

The results in Figure 1 and Table 2 reveal
obvious differences between muscle from
summer and winter reindeers, metabolically as
well as regarding fibre composition. Thus
oxidative capacity (cytox) has increased about

&

50% in two muscles, biceps and semitendinosus,
but not at all in the other two. Beta-oxidation of
fatty acids (HAD), on the other hand, has
decreased considerably in all four muscles, but
most dramatically in longissimus and semiten-
dinosus, that is, the two muscles with no
decrease in oxidative capacity. These changes are
valid for male as well as for female reindeer and
may reflect adaptations to a nutritional situation
with more or less exhausted fat stores and an
increasing demand for protein as an energy store.

In all four male animal muscles studied there
is a tendency towards a reduced fibre size during
the winter compared with the summer (Tables

Rangifer, 6(1), 1986



2 and 3) which, on average, amounts to one third
(32.6%) of the muscle size. This shows that
muscle protein has been used up during the
winter and that all three fibre types, but IIB in
particular, have contributed in males. These
results are on the whole in agreement with our
suggestion that especially the IIB fibre can serve
as an energy source.

Staining for NADH-dehydrogenase, a histo-
chemical measure of the oxidative activity,
reveals only minor differences between the three
fibre types. In some muscles IIB fibres are even
darker than IIA fibres, which are mostly looked
upon as highly oxidative compared with IIB.
This means that from a metabolic point of view
the three fibre types in certain muscles are rather
similar as regards oxidative capacity. Besides
being a potential energy reserve IIB fibres may
thus also perform work by means of acrobic
metabolism.

In contrast to male reindeers the results show
no decrease in ferale muscle fibre size (Table 3).
The explanation is most likely that the female
animals were shot before any significant muscle
mass regeneration could have taken place. Thus,
the difference between summer and winter
muscle fibre size would propably also have been
greater in the males if the summer animals were
shot later in the summer. The Svalbard reindeer
may therefore survive the long food-depleted
winter season partly by consuming muscle
tissue.

Acknowledgements: This investigation was supported
by grants from the Swedish Natural S: ience Research
Council (R-RA 8529-100) and from the Wallenberg
fond, University of Uppsala, Sweden,

We wish to express our gratinde to Norsk
Polarinstitutt and to the Institute of Medical Biology,
University of Tromse for placing certain necessary
facilities at our disposal, to the staff at Isfjord Radio
for their untiring hospitality, to Odd Gulseth whose
strong arms and positive mind contributed w0 a
successful realization of the project and to professor
Gustaf Ahman for valuable criticism.

Rangifer, 6(1), 1986

References

Kiessling, K.-H. and Kiessling, A. 1984. Fibre
composition and enzyme activities in five different
muscles from the Svalbard reindeer. — Comp.
Biochem. Physiol. Vel. 77A, No. 1, pp. 75 — 78.

Larsen, T. S., Nilsson, N. O. and Blix, A. S. 1985.
Effects of prolonged food restriction on some
aspects of lipid metabolism in Norwegian and
Svalbard reindeer. — Acta Physiol. Scand. 124,
173 — 180.

Nilssen, K. J. 1984. Factors affecting energy
expenditure in reindeer. Dr.Philos. dissertation,
University of Tromsa, pp. 172.

Nilssen, K. J., Sundsfjord, J. A. and Blix, A. S. 1984.
Regulation of metabolic rate in Svalbard and
Norwegian reindeer. — Am. J. Physiol. 246
(Regulatory Integrative Comp. Physiol. 16):
R837 — R&41.

Reimers, E. & Ringberg, T. 1984. Seasonal changes
in body weights of Svalbard reindeer from birth to
maturity. — Acta Zool. Fennica 175: 69 — 72.

Ringberg, T., Nilssen, K. J. and Strem, E. Do
Svalbard reindeer use their subcutanous fat as
insulation? — Proc. 2nd  Int. Reindeer/Caribox
Symp., Reros, Norway, 1979, (Edited by Reimers E.,
Gaare, E. and Skjenneberg, S.) pp. 392 — 295.
Direktoratet for vilt og ferskvannsfisk, Trondheim.

Oritsland, N. A. 1980, Physiological functions
pertinent to modelling energy balance ‘at the
population level. — Proc. 2nd Int. Reindeer/Cari-
bowu Symp., Roves, Norway, 1979. (Edited by
Reimers E., Gaare, E. and Skjenneberg, S.), pp.
350— 354. Direktoratet for vilt og ferskvannsfisk,
Trondbeim.

Manuscript receives February 1. 1986.



