
CHAPTEH 4

ON THE IRON CONTENT IN THE RED AND WHITE MUSCIES OF A 
MIGRATORY AND A NON-MIGRATORY FISH DURING DIFFERENT

STAGES OF MATURITY

In the muscle, iron forms an important constituent 
of various soluble organic compounds of high molecular 
weight, such as the heme enzymes like the cytochrome system, 
catalase and of the specific muscle pigment, myoglobin.The 
latter contains the bulk of the haeminic iron, eg. human 
muscle has been shown to have an average of 15 - 20 g, of 
myoglobin per 1000 g. dry weight, amounting to 50 - 68 mg. 
of iron per 1000 g. ( Dreyfus, 1952 ). Muscle proteins, myosin 
and actin also have small amounts of iron ( Dreyfus and 
Schapira, 1949 ), the exact function of which is not well 
understood.

Although considerable work has been done on the iron 
content in the whole muscle of marine and freshwater fishes 
( Parks and Rose, 1933; Ranganathan, 1938; Nllson and Coulson, 
1939; Khorana,et al., 1943; McCance and Widdowson, 1946;
Airan, 1950), yet practically nothing is known about its 
distribution in the red and white muscles individually. It 
was observed in these fishes ( Peterson and Elvehjem, 1928; 
Parks and Rose, 1933 ) that those having dark coloured flesh 
contained about 75% more iron than the ones with pale colour. 
They have further shown that the saltwater fishes were richer 
in iron than the freshwater ones. However, information regard­
ing the changes in the iron content when marine fishes migrate
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to freshwater is lacking. Hence, the present investigation 
was undertaken to assess quantitatively the concentration 
of iron in the red and white muscles of a migratory and a 
non-migratory fish,

MATERIALS AND METHODS '

The migratory fish, Hilsa ilisha and the non-migra­
tory form, Hilsa toli in different stages of maturity were 
utilized for the present investigation. They were procured 
as described in earlier chapters.

The fishes were sacrificed immediately after colle­
ction and pieces of the lateral muscle were excised from the 
middle (below dorsal fin) and tail regions. To prevent the 
possible leaching of the tissue by melting ice, they were 
packed individually in polyethylene bags, kept in ice and 
transferred to the laboratory,. The red and white muscles of 
both the regions were separated, cleared off skin, bones, 
connective tissue and dehydrated to constant weight in a 
hot air oven at 100°C,

The samples thus obtained were also used as sources 
of material for other experimental works besides that recorded here.

The iron content was determined by Kennedy* s method 
(Hawk et al., 1954). A known weight of the dried muscle was 
digested in a mixture of concentrated sulphuric acid and 60$ 
perchloric acid ( 5;X ml ) and after appropriate dilution,
5 ml of 20$ potassium thiocyanate was added to 10 ml 
aliquots of the digested material. The standard and blank 
were run along with the samples. The colour developed was 
extracted in 10 ml of amyl-alcohol and the intensity was
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read on a " Spectronie 20 ” Bausch and lomb colorimeter at 

480 mji, The iron content was expressed as mg / lOOg. wet 
weight, which was calculated from the original dry weight 
and water content of the muscle* This was found necessary 
as the fat content of the muscle was exceptionally high and 
variable which could thus induce gross errors.

RESULTS

The distribution of iron in the red and white muscles 
from the middle and tail regions of H.ilisha and its changes 
during different stages of growth and migration are shown 
in Table I. Table II on the other hand, presents similar 
data for the non-migratory marine H.toli, as well as for 
some specimens which had drifted into the river at the time 
of the highest high tide of the year.

In all the stages of maturity of H*ilisha. the red 
muscle contained a higher concentration of iron than the 
white and also greater as compared to the red muscle of 
H.toli. In the white muscle of both the species, there was 
however, not much variation. But a regional difference in 

the tUa amount of iron was observed in all the stages of 
both the species, wherein, the red muscle from the middle 
region was richer in iron than the same muscle from the 
tail. In the latter region on the other hand, the reverse 
condition existed, viz. the white muscle of tail region 
possessed-more iron ( Tables I & II ).

It was clear from the values obtained on dry weight
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basis that both muscles from the tail region had a greater 
level of iron than those from the middle part.

The quantity of iron in the red muscle from differ­
ent stages of the migratory species of Hilsa was much more 
as compared to similar stages of the non-migratory fish 
( Table I & II ). Further, an increase in iron content of 
both muscles was observed in H. ilisha of Group II marine 
immature fishes. This increase was more prominent in the 
red muscle. The Group II fishes also possessed better 
developed gonads, together with higher fat, electrolyte 
content and cholinesterase level than Group I marine 
immature fishes ( Chapters 3, 5, 6 and 8 ). The activity, 
of endocrine glands especially the thyroid ( unpublished 
observations from this laboratory ), resembled that of 
migrating salmons from tidal waters. Hence, this stage of 
H.ilisha ( Group II ) may he considered to be the one which 
are on their way to the spawning grounds.

A gradual reduction in iron content took place in 
both muscle types of H.ilisha ( marked change in the red 
muscle only ) during their migratory ascent to the river* 
Shus the spent fishes from the freshwater zone showed the 
minimum values, but their red muscle was richer in iron than 
that of mature and spent H.toli. The fishes from the river 
mouth showed intermediate iron levels.

Upon maturation, in H.toli there was a slight incre­
ase in iron content in the red muscle. The marine spent 
specimens as well as the mature and spent ones from fresh­
water were poorer in iron content than the mature fishes 
from the sea.



DISCUSSION

Extensive studies from this laboratory on a variety 
of vertebrate and invertebrate skeletal muscles have clearly 
shown the presence of two basic types of fibres, the red 
and white* The former possess numerous mitochondria, high 
concentrations of fat and oxidative enzymes and thus 
adapted for aerobic metabolism using mainly fat as the 
energy source whereas, the latter with few mitochondria, 
low levels of fat and oxidative enzymes but with high con­
centrations of glycogen and glycolytic enzymes for an anaero­
bic metabolism { George and Berger, 1966). The red and white 
fibres of fishes too, have their respective metabolites and 
fuel as described above ( Boddeke et al., 1959; George,
1962; George and Bokdawala, 1964 ).

The red fibres not only contain more fat and an 
oxidative machinery for fat utilization, but also a higher 
content of myoglobin ( Drews and Engel, 1961; Chinoy, 1963 ) 
than the white, thereby indicating their richer store of 
iron* Thus the red muscle of Scatophaeus argus and Labeo 
rohita ( Alexander, 1955 ) as well as the red fibres of 
the pigeon breast muscle ( Talesara, 1961) were like wise 
found to contain more iron than the white. The presence of 
high levels of iron in the red muscle of all the stages of 
H.ilisha and H.toli are also in agreement with the above 
findings.

On the basis of the distribution of myoglobin and 
cytochrome c in many fishes ( mainly Scombroids ) ( Matsura 
and Hashimoto, 1954); in different vertebrates ( Korzhuev,
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1961 ), it was postulated that higher the myoglobin cont­
ent of the muscle, the greater would be its capacity for 
respiratory metabolism. Thus the pigment concentration of 
muscles of vertebrates adapted to higher altitudes ( where 
respiratory rate is higher due to lower oxygen level ) 
would be higher than their low altitude counterparts ( Tapp- 
an and Reynafarje, 19675 Anthony et al,, 1969\ Reynafarje,
1962 ).Hair ( 1962 ) while studying the iron content in the 
pectoral muscle of some Indian birds, reported a greater 
concentration amongst the good fliers, thereby suggesting
a higher quantity of myoglobin in their muscles, Saito (1955) 
recorded a higher iron content in the muscles of active 
fishes than in those of the sluggish ones* in the light of 
these findings, the presence of higher amounts of iron in 
the red muscle of migratory fish, H.ilisha as against the 
non-migratory fish, H.toli, may be considered as an indica­
tion of its higher oxidative capacity than that of the non- 
migratory fish.

Since the amount of myoglobin depends on the extent 
of muscular activity and exercise, it is important to 
consider the influence of thyroid hormones on it. Thyroid 
hormones are believed to activate central nervous system 
and cause increased locomotor activities in muscles, Hickman 
( 1959 ) performed several experiments on starry flounder, 
Platlchthys stellatus, and concluded that greater activity 
of the thyroid gland correlates with greater oxygen demands 
in seawater. The cytochrome c in tissues have been shown to
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be dependent on tbe activity of the latter gland ( Klit- 
gaard and Hart, 1960 ). Thyroxin is assumed to influence 
oxygen consumption of tissues by a change in cytochrome 
levels ( Drabkin, as cited by Vest and Wang, 1960 ). In 
rabbits thyroidectomy cause a rise of 16 - 25$ in serum 
iron and a slight fall in tissue iron. Thyroxin cause a 
reversion of these levels to normal ( Prina, 1951 ). It 
was observed that the thyroid gland was more active in 
migrating H.ilisha ( unpublished observations from this 
laboratory ). Thus the rise in iron content obtained in 
Group II marine immature H.ilisha could be accounted for.

In the spawning H.ilisha, an increase in iron 
content could be expected, but on the contrary, as these 
fishes ascend the river, there was a gradual reduction in 
both the muscles. The minimal values were obtained for the 
spent fishes from freshwater zone. Starvation might be a 
cause for the above result, since nutritional iron defi­
ciency tends to decrease myoglobin levels in both skeletal 
and heart muscles of growing pups ( Gubler et al., 1957). 
During fasting loss of weight in rats the total amount of 
iron contained in the gastrocnemius muscle has been shown 
to be lower than in the controls ( Dreyfus and Schapira, 1948).

The reduction in the metabolic rate during the 
transfer of marine fishes tto freshwater has been shown by 
several workers ( Hickman, 1959; Job, 1959 ). Peterson and 
Elvehjem ( 1928 ) reported that the saltwater fishes cont­
ained about 40$ more iron than the freshwater ones. It is 
common knowledge that at an increased salinity, the avail-
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ability of oxygen is affeeted. Thus it is tempting to 
assume that the lowering of iron content in the muscles 

of H.ilisha from the freshwater zone may be either due to 

reduced oxidative metabolism or due to the readily availa­
ble oxygen there in which case the problem of storage does 

not arise.
Another factor which may be leading to reduction 

in iron content in the above mentioned fishes from the fresh­
water zone may probably be the degenerative changes occurri^ 

in their muscles, which in turn is brought about by diverse 
factors as discussed earlier ( Chapter Z ). In muscular 

diseases ( eg. muscular dystrophy ) the metabolism of this 

metal has been shown to be disturbed, wherein, it is lowered 
due to the loss of myoglobin ( Dreyfus, 1952 ).

Based on the present state of our knowledge it 

is not possible to pinpoint whicfe particular factor is 

mainly responsible for the changes in iron content of the 
muscles observed in the different stages of H.ilisha. It 
may be concluded that an interplay of the various factors 

discussed above may be the cause for the observed changes.


