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Ultrastructural Studies of the Mitochondria in the
Striated Muscles of Birds with Regard to Exper-
imental Hypokinesis

M. Belak, J. Kocisova and X. Bod'a AR

The striated muscles of birds has been a subject of re-
cent electron mieoroscope investipgations. In partleular, the
elements of myotibrlls have been studied, such as, for example,
the differences In the organizatlion of the T-system between the
front and back musceles of the backs of chleks (Page, 1909),
and the breast wmuscles of poultry (Mendel, 1971). UHiklda
(I972) studtes the structure of metapataglal muscles in plgeons,
Adul (1973) studies the strueture of the Intrafusal muscle,
and Heparty, et al.  (1973) studled the sarcomeres in birds
and piglets in rigor mortis. Zelena and Jlrmanova (1973),
and Jirmanova and Zelena (1973) investipgated neutrophll
interactlions and muscele Integrlty in the muscles of c¢hiceks.

The amount of mitochondria differs ameng the different
types of muscles,. The relation of mitochondria and myofibrlils
to each other containg information about the frequency of muscle
contractiong and thelpr strength. The more mytochondria in the
muscle Cibers, the more {frequent the contractions. When more
myofibrils are prosont, the capacity increases, but the fre-
queney is reduced.  In general, mytochondria are concentratod
perinueleate In strlated musceles, but they are also found in
cell membranes and myoifibrlls., The little ovold mytochondria
are usually found in pairs, and are located symmetrically near
the Z-lines in the layer of the I-bands (MeNaughtan, 1974).
Most of the larpger, filamentous mitochondrla are situated
wlithout regard to their relation to the different sarveomere
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units.

In view of the fact that the mitochondrlia of the skeletal
muscles, through their membraneous structure, form an energetilce
accumulation ¢enter and, in that they are highly sensitive to
the influence of changed physiolopgleal states, it became the
goal of this study to Investigate the ultrastructure of these
organclles in toto in the arsa of the thigh and breast muscles
with regard to experimental hypokinesis,

INVESTIGATTONS

Methods and Materials

177=-day old Japanese qualls were used for the electron mlero-
seope study. At the ape of 77 days, they were placed in cages
for six hours of each in the fellowing 100 days, in such a way
that all movement was Inbibited. 177 qualls were raised normal-
ly and were used for control purposes., The necessary exclslons
were taken from the M, pectoralis thoracleus and from the M. 1lioti-
blalls posterdor. One muscle strip was socaked for a period of
two hours in a 3.5% fixing solution (after Sabatini, 1903). Ex-
¢islons measuring 1 x 1 mm In slze were subsequently taken from
these strips. They were washed In a 0.1 m cacodylate buffer,
fixed in a 2% Os@u solutlon, dehydrated in a graded seriles of
ethanols, and finally embedded In Durcupan. Ultra-thin sectlons
were produced with the Ultrotom LKB; these were colored with a
combination of uranyl acetate {(Watson, 1958) and lead ciltrate /538
(Reynolds, 1903), and then examined under a Tesla 513 electron
microsceope and photographed.

Results
The myefibrils of the striated breast and thigh muscles of

the control animals formed repeating uniform sarkomers, which are
defined as segments between the two following 4-linas, and which
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contain the A-bands and half of the connected I-bands. The H=-
zone with the narrow M-line runs through the middle of the A-band
(Figure 1). Two types of myofilaments were distinguishable: one
comprised thin aetin filaments running from the Z-lines to the ' 4
I-bands; the second type consisted of thicker myosin filaments
which ran into the A-bands. The interfibrilar space contained
tubular and vesicular structures,
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Figure 1. Longitudinal section through the thigh muscle of a
quail from the control group. The H-zone (H) with
a narrow M=line runs through the middle of the A-
band. The filamentous mitochondria maintain a well-
preserved and clearly defined internal structure.
Magnification: 28500x.

Two shapes of mitochondria appeared in our results, Those
in the breast muscles were mainly filamentous, while those of
the thigh muscles ranged from small and round to ovoid shapes.
Their inner structure contained a large number of closely aligned
eristae, which ran vertical to the longer axis of the mitochon-
dria.

In comparison to the control group, the mitochondria of the
breast muscles of hypokinetic quails showed distinct changes.
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Both small and larger enclosed vacucles and a fading matrix were
found in some of the filamentous mitochondria, which were often

perinucleated (Figure 2, 3). Sometimes these formations filled
the entire organelle., The larger vacuoles are probably generated
through the fusion of several small and lighter formations.
Destruction and even disappearance of the mitochondrial crist-

ae occurred at the location of the vacuole opening. Finally,

a total decay of the mitochondria occurred as a consequence of
these alterations (Figure 5). 1

Figure 2., Longlitudinal section through the breast muscle of /539
hypokinetic quails. The fillamentous mitochondria
(Mi) show a clearly defined internal structure which
is only occasionally disturbed by little vacuoles.
Magnification:
L § e
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Figure 3. Longitudinal section through the breast muscle of
hypokinetic quails. The large mitochondria (Mi),
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which are squeezed in between the myofibrils are larger
than the sarcomeres ard do not suffer damage in their
outer membranes, These are large vacuoles in the matrix
and the cristae show occasional changes, The Z-line (2)
is slightly shifted. Mag.: 19650x.
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Filgure 4, The zristae of the filament and ovoid mitochondria /540
lose thelr continuity. The mitochondria (Mi) grow in size and

are fllled by large vacuoles (V), which probably generate from

the fusion of smaller vacuoles. Among the mitochondria and my-
filaments are numerous osmiofile granula (G). Mag: 19650x.

Flgure 5. Longitudinal section through the breast muscle of
hypokinetic quails., The membranes of the eristae within the
mitochondria (Mi) lose their characteristic internal structure;
the outer membrane is damaged as well, Mag.: 19650x,




.. o e ————— . T T TR T it et Bt TR 1 e S ] PSS
e S ————— .« . v v -

ih;wﬁﬂu? +
Figure 6., Longitudinal section through the breast muscle of /541

hypokinetic quails. On both poles of the altered mitochondrion
(Mi) are fat particles (P) measuring 0.8 um. Mag: 19650x.
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Figure 7. Longitudinal section through the breast muscle of
hypokinetic quails. The inner membrane of those mitochondria
which lie in close proximity to each other (Mi) are vacuolated.
The large fat particles (P) are occasionally located in a lateral
position. Mag.: 20750x.
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Figure 8. Longitudinal section through the thigh muscles cf /542
hypokinetic quails. The cristae disappeared in the middle

of the altered mitochondrion (M), but the outer membrane 1s

still intact., The H-zone 1s characterized by the alternating
presence of light and dark filaments. A slight shift of ihe

Z=lines 1is noticeable, Mag.: 16000x,

"

Figure 9. Longitudinal section through the thigh muscle of hypo-
kinetic qualls. There is a destroyed mitochondrion (Mi), the

outer membrane of which is not destroyed. There is a triad(T)in -
the vicinity of the Z-lines. Mag.: 16000x.

A further interesting finding concerned the fat particles,
which were approximately 0.8 wum in size, and were locallzed
primarily at the poles of altered mitochondria (Figure 6). Oc-
casionally, they were also observed in lateral locations.




The mitochondria of the thigh muscles of the test animals /543

showed changes similar to those of the breast muscles. The fol-
lowing characteristic features were observed: i1llumination

of the matrix, disappearance of c¢ristae, and the destruction

of cristae without damage to the outer membranes (Figure 8, 9),

The sarcomeres of the breast and thigh muscles of the hypo-
kinetlc qualls were characterized by the constant exchange of
A- and I=-bands. The Z-llnes, however, did not form a cocherent
zone, but showed a slight shift in some cases,

Discussion

OQur lnvestlpations showed that the mitochondria in the M.
pectoralis thoraclus of Japanese qualls are numerous and consist
of large filamentous and smell ovoid mitochondria. They are
located perinucleate and in the cell membrane; sometimes they
are between the myofibrils. The M. iliotibialis posterior con=-
tains fewer mitochondria than the M. Pectoralis thoracicus,
and contains more small round and ovoid mitochondria. These
are mainly localized in the layer of the isotrop zone of the
sarcomere,

In the longltudinal sections of the thigh muscles of hype-
kinetle quails, the Z-lines which separate the sarcomeres (Allen,
1973) could not be found in one layer. Rather, they made the
impression that they were shifted. This phenomenon could stem
from an adaption of the myofibrils to altered conditions (Zelena
and Jirmanova, 1973). The function of the mitochondria, defined
by their enzymlc content, is their role in cell respiration,
or oxldation, l.e,, the transport of electrons from the differ-
ent substrata to the final oxygen source. Aside from their
Job of delivering energy for cell functions, these organelles
alse use energy to keep the cell structures in theilr normal
state (Brozman, 1968). They are very complicated units and are
highly sensiltive to the impact of alterations. Diculesca and
Popesca (1973) suggest that they also form an accumulation zone
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for calcium in the striated muscle system. Barta, 1973,
Devine, et al., 1973, think that this happens when there ls
a surplus of stored calcium in these wmascles, The calcium
1s probably transported through the trunsversal channels of
the mitochondria,

The electron microscope studies of the mitochondria of
the breast and thigh muscles of Japanesc qualls with regard
to experimental hypokinesis have shown that the changes which
are caused by this state can be observed on single mitochondria
without all of them being affected.

During hypokinesis, the breast muscles exhibited mainly
orthodox forms of organelles, whose typleal structure was
maintained, and which was characterized by the formation of
numerous long mitochrndriy cristae, the latter filling the
gap between the outey membranes. The feormation of cristae
is a measure of the magnitude of energy production, shown in
the amount of ATP formed by the mitochondria.

In some of the mitochondria, small light vacuoles could  /s5hy
be observed; these were generally located in the lnner periphery
of the outer membrane., A comparison of the electrograms proved
that the alterations probably manifest themselves as a fuslon
of small vacuoles into larger ones, which means that the contin-
ulty of the mitochondrial cristae was disturbed and the matrix
1lluminated. It is interesting that, in this state, no dis-
turbance of the outer cell compartment occurs. The only alter-
ation observed in these mitochondrla was a different grade of
hydration. The final result of the alterations was, in some
cases, a total destructicn of the mitochondria whereby tne outer
cortex disappeared entirely.

It appears that as long as the outer membrane of the mito-

chondrion is maintained, this process is reversible, and can
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therefore be regarded as the minimal damage which can occur
through ln<’t of oxygen caused by inactivity.

It is ascumed that particularly the breast muscles of
flying birds are metabolically much more active, and have a
higher rate of oxlddtion activities, Similar conditions, al-
though less actlve, seem to prevail in the thigh muscles,
Therefore, after lengthy subjection to hypokinetic conditions,
energy insufficlency and, as a consequence, hydration of the
mitochondria, will occur, The initial alterations concern
the mitochondria cristae, where the enzyme systems of the oxi-
dation phosphorylation and of the electron transport are lo-
cated. The penetration of water into the mitochondria removes
or destroys these enzyme systems. Consequently, the required
energy can nct he produced, which causes further damage of the
mitochondria (David, 1967, Krolenko and Svinka, 1974).

During extenslive restricted lifting movements of the limbs
of dogs, Kuprjanov et al. (1975) observed a reduction in the

size of the mitochondrla, whereby small nmound forms with a reduc-

ed number of cristae and a thickened matrix were the majority.
The mitochondria only decayed in places where myofibrils under-
went the largest alteratilons.

A moderate lncrease of partilcles normally located at the
poles of the mitochondria, or at lateral locations, also indi-

cates a certain lack of oxygen.

It can be concluded Irom our investigations that the alter-

ations of mitochondria of the breast and thigh muscles of Japanese

quails wlth regard to experimental hypokinesis are probably
caused by energetic insuffilclency followed by hydration of the
organelles. Because of the damage of the mitochondria ecris-
tae and the matrix, the function of the enzyme system of the my-
tochondria is disturbed. As a consequence, certaln catabolic
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alterations in the oxidation and reduction process in muscle
activity can occur.

Summar

Electron microscoplec studies have been carried out on the
mitochondria of the transversely striated muscles with regard
to experimental hypokinesis. As compared to the central group
the mitochondria of m. pectoralis thoracicus and the m., lliot-
ibialis posterior in hypokinetic birds reveal marked changes.

In filamentous and ovold miltochondria wvacuoles can be observed
which in some cases produced larger light formations with fol-
lowing disappearance of the cristae and destruction of mitochon-
dria. Fat particles located at the poles of the altered mlito-
chondria, sporadically occurring also laterally, presented another
finding, The Z-lines of the sarcomere did not form a continuous
line, but were somewhat shifted.

References

1. Adal, M. M. (1973): ‘The fine structure of the intrafusal
muscle fibers of muscle spinales in the domestic fowl,
Jo Ar)at‘c, 115, l{O?"L&lS‘

2. Allen, E. R, (1973): Sarcomere formation in chick striated
muscle. Z. Zellforsch., Mikrosk. Anat., 145, 167-170.

3. Batra C. S. (1973) The role of mitochondrial calcium uptake
in contraction and relaxation of the human myometrium.
Biochem. Biophys. Acta 305, 428-432,

4, Bzozman, M. (1968): Uvod do hisotpatologlie. Obzor, Bratis-
lava.

5. David, Mitochondria, in: Elektronenmikroskoplische Organ-
pathologle (Electron microscope organ pathology), S. 206~
33. Verlag Volk und Gesundheit, Berlin.

6. Devine, C. E., Somlyo, A. V., and Somlyc, A.P. (1973): Sarcc-
plasmic reticulum and mitochondria as cation accumulation
sites in smooth muscle. Philes. Trans. K. Soc. Lond.

B. Biol. Science 265, 17-23.

7. Diculescu, I., and Popeseu, L., M. (1973): Ultrastructural
distribution of caleium in striated muscle fibers. Rev.

11

e A et B s e e i i A M i 2 3 O S L L st o 5 rhitn Mo, B e e

[ -
B A T




o

8. Diculescu, I. and Popescu, L, M, (1973): Electron microscopic
demonstration of calcium in mitochondria of the frog ,
skeletal muscle in situ. Exp. Cell Res. 82, 152-156

9. Hegarty, P. V. J. Dahlen, K. J. Benson, E. S., and Allen
C., E.(1973): Ultrastructural and light mlcroscope studies
on rigor extended sarcomeres in avian and porcine skeletal
muscles, J. Anat. 115, 203-219.

10, .Hikida, R. S. (1974): The structure of the sarcotubular system
in avian muscle. Am. J. Anat. 134, 481-496,

11. Keolenko, S.A. and Svinka, N.E. (1974): Vakuolizacia-skeltn-
ych mysecnych volokon, Citologija 16, 1507-1508.

12. Kwprjanov, V., V., Petruchin, V. G. Novikov. N. I., Gajd-
amakin, N.A. Kpacnych, I.G., Solovjev, V. I. Vlasov,
V.B. and Petruchin S.V. (1975): Dlitel! naja givpokinezlja
i jeJ vlijanle na tkani 1 sosudy konecnostej v experi-
mente, Arch anat. 11. 39-46,

13. Jirmanova. I., and Zelena J. (1973): Ultrastructural of
fa .t chicken muscles fibers induced by nerve cross=-
union, %Z. Zellforsch, 146, 103-121.

14, MeNaughtan, F.A. (1974): An ultrastructural and histochemical
study of fiber types in the pectoralis thoracica and
iliotibialis muscle of the fowl (Gallus domesticus). J.
Anat. 118, 171-186.

15. Mendel, J.R. (1971): Unusual features of the T-system of
the pectoralis muscle of the chicken. J. Ultrastructure

Res. 37, 383~387.

16. Page, S.G. (1969); Structure and some contractile properties
of fast and slow muscles of the chicken., J. Physiol. 205,
131-145,

17. Reynolds, E.S. (1963): The use lead citrate at high pH
as electron opague stain in electron microscopy. J. Cell Biol.

17, 208-212.

18.  sabatini, D.D., Rensch, K., and Barnett, R.J. (1963): Cyto-

chemistry and electron microscopy. The preservation of cell-

ular ultrastructure and enzymatic activity by aldehyd ix-
ation. J. Cell Biol. 17, 19-58. y by yde fix

19. Watgon, M.L. (}958): Staining of tissue sections for electron
?;grﬁigopy with heavy metals., J. Biophys. Blochem. Cytol. Y4

20. Zelena, J. and Jirmanova, L. (1973): Ultrastructure of chicken
slow muscle after nerve cross union. Exp. Neurol. 38, 272-285




	0001A02.tif
	0001A03.tif
	0001A04.tif
	0001A05.tif
	0001A06.jpg
	0001A06.tif
	0001A07.jpg
	0001A07.tif
	0001A08.jpg
	0001A08.tif
	0001A09.jpg
	0001A09.tif
	0001A10.jpg
	0001A10.tif
	0001A11.jpg
	0001A11.tif
	0001A12.tif
	0001A13.tif
	0001A14.tif
	0001B01.tif



