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Some Haematological Properties of Matured

Red Sea Bream, Chrysophrys major TEMMINCK et SCHLEGEL
Hiroko IsHroka and Tohru Fusumimi*

Many haematological properties in the fish have been studied to utilize to the
diagnosis of diseases, the evaluation of effects of pollution, and the fundamental
physiology.

Prominent changes in certain of the blood properties of human and other higher
vertebrates often occur under the condition of disease and are successfully disting-
uished from those of healthy ones. On the other hand, it has been well known
that the haematological characteristics of the healthy fish were ranged widely,
and also the physiological characteristics affected by the external environmental
conditions change the values considerably. Although the need has been stressed
for the establishment of the standard range of normal haematological values, the
achievement is not so notable regardless of the efforts put into the research.

In the case of standardizing the haematological values for the diagnosis of
disease, the physiological range of variation of these values of the fish should be
established. It is a very important subject of haematological studies that how the
blood values are influenced by the change of external or internal conditions such
as the osmotic pressure of the medium or maturation and spawning.

As one of these subjects, the present study had the purpose to clarify the effects
of maturation on the haematological characteristics, especially on the electrophoretic
patterns of the serum proteins.

The authors would like to acknowledge the continuing guidance and encoura-
gement of Dr. Masaru Fujiya, Freshwater Fisheries Research Laboratory and Dr.
Seiji Sakaguchi, Nansei Regional Fisheries Research Laboratory. We are also
grateful to Dr. Hisao Ozaki, the professor of Tokyo University of Fisheries, for
providing related reports and a critical reading of the manuscript.

Materials and Methods

The present study was carried out from March, 1972 to February, 1973.

Red sea breams applied for this investigation were hatched at the same time,
reared and cultured in fish preserves under the routine culture techniques at Hiro-
shima Prefectural Fisheries Experimental Station for 3 years. For growth of these
fish, mixture of 49.5 25 minced raw fishes (sand eel or mysid shrimps) and 49.5
94 synthetic diet for rainbow trout and 1 2 Halver type vitamin mixture were fed.
In spawning season, from March through June, tocopherol drugs were added at
1 9 to the diet. ‘
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Specimens were anesthetized in about 1/5000 tricaine methane sulfonate (MS 222)
sea water solution for the collection of the blood samples and the dissection.

After the measurement of the gonad weight and morphological characteristics
the gonads were removed and fixed in Bouin’s solution for histological observation.
The blood samples were collected by excising the caudal fin in 5 ml syringe
contained anticoagulant solution (Anglot ET) and were put in plane glass tubules.
The blood in the syringe was applied for the analysis of values on haemoglobin,
haematocrit and protein of the plasma. The bloods in the plane glass tubules
were prepared for electrophoresis. The serum was separated with the aid of
gentle centrifugation after clotting of the blood. Then, the sera were refrigerated
at —20°C untill the operation of electrophoretic analysis.

The haemoglobin contents were determined with the simplified method of hae-
mometer 1), and the haematocrit values were determined by the micro-haematocrit
method using micro-capillary centrifuge. The values of protein concentration of
the serum were determined by Hitachi-Protein-meter (refractometer).

The electrophoretic analysis was primarily carried out following the standard
method of the Society of Electrophoresis?2),

For electrophoresis, a Toyo Model SE-2 microzone chamber was employed using
cellulose acetate membrane. It was powered by Toyo Electric Currentmeter
Model No. III BA 8-2. Before the application of sera on the cellulose acetate
membrane, they were concentrated to 10 - 12 95 of protein on refractometer by
air vacuum pump, then, 1/ of the serum was employed. All runs were for 65
min. at a constant current of 0.8 mA/cm with the veronal buffer.*

The cellulose acetate membranes were stained with Ponceau 3 R reagents and
decolorized in 1 25 acetic acid solution and then dried in the customary manner.

They were scanned with the Toyo Densitrol.

Results

The sampling of the blood was carried out once a month, and in the spawning
season, twice a month., In principle, 12 fish were randomly supplied for dissection
from the fish preserve in the sea. V

The seasonal changes of gonad index and the state of the ovary are represented
in Fig. 1. The state of ovary is divided into two phase, developmental and imma-
ture. The former ovary had the oocytes with yolk globule and the latter only had
the oocytes without yolk globule under histological observation.

The comparisons of condition factors and some blood properties of male and
female are presented in Table 1.

Haematocrit values and haemoglobin contents seem to be higher at the begining
of the maturation and then decrease gradually to August and then also increase
slightly to November. However, these changes are not so significant.

* Veronal «--eeoeeees 2.76g
Veronal-Na - 15.45g
in 1000 ml of distilled water (pH: 7.725, #:0.075)
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Fig. 1.

Seasonal changes in gonad index and histological phase of ovary in
red sea breams.
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Fig. 2. Distribution of protein values determined by

refractometer in red sea breams.

Among examined blood properties, the values of serum protein concentration
measured by refractometer showed the great changes and variations, especially
the females’ was higher than that of the male in maturing period. The values of



protein concentration are presented in Fig. 2 on male, immature female and matured
female following the developmental stages of gonads judged from histological
observation.

The results of maturing female showed the peculiar feature of the distribution of
protein concentration with the wider range of variation.

The results of electrophoresis are shown in Table 2 and a representative film
and its corresponding densitometer profile are illustrated in Fig. 3. No attempt
was made to identify the protein components of the sera studied as albumin or
globulins, and the electrophoretic fractions were numbered in order of increasing
mobility to the positive pole. As illustrated in Fig. 3, this profile is divided
into 6 fractions.

Table 2. Results of electrophoretic analyses on serum
proteins of red sea breams.

Fraction | I m IV v VI
Female 1* | 2.76 1.64 0 110 240 3.02
(n=37) 0.35 0.35 0.28 0.30 0.31
Migration distance Female 2% | 2,80 1.61 0 1.02 1.99 2.92
from origin (cm) (n=24) 0.24 0.13 0.16 0.19 0.24
Male 2.67 1.55 0 0.95 1.90 2.84
(n=74) 0.35 0.28 0.19 0.24 0.29
Female 1 91.2 53.9 0 35.9 78.0 100
(n=37) 9.2 9.8 8.0 7.3
Relative distance¥¥* F 821:_134)2 92 g 5‘1 g 0 31 g 6% ‘é 100
Male 93.7 54.4 0 33.4 66.5 100
(n=74) 8.9 7.8 0 5.3 5.0
Female 1 1.2 28.0 45,2 7.0 14.3 3.1
(n=37) 0.8 4.5 6.3 3.0 4.3 1.4
Relative area Female 2 3.0 221 54.7 6.9 6.2 6.6
composition (%) (n=24) 1.9 4.4 7.1 3.7 2.5 3.3
Male 2.3 24.9 52.6 7.4 6.9 5.5
(n=74) 1.8 5.1 5.3 3.1 2.6 2.
(n= : No. of fish examined)

For each component, mean values are represened as the value of first reading
and standard deviation as one of second reading.
Female 1* : Females with developing oocytes.
Female 2**. Females with immature oocytes.
#%% : The relative migration distance was calculated as the ratio of mig-
ration distance to that of fraction VI.

Fraction I contains the faint band most rapidly migrating to the positive pole
and the fraction VI the band most rapidly migrating to the negative pole.
The relative mobility of these bands migrated from the starting point are almost
consistent. The fraction V of the maturing females, however, as presented in
Table 2, is slightly different in relative mobility from those of the males and the
immature females. This band of maturing female, numbered V’, may probably be
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Fig. 3. The representative electrophoretical patterns and their corresponding
densitometer profiles of serum protein in red sea breams.

composed of band V and other different protein fraction relating to the yolk
formation.

As illustrated in Fig. 1, the histological observations were made from the stand-
point of the appearance of yolk globules and these results were closely related
with the patterns of sera proteins on electrophoresis. Although the patterns of
males and immature females without yolk globules in the oocytes are almost
constant all the year round, those of females with yolk globules in the oocytes
are characteristic, and the characteristic feature is appeared on fraction V.’ Further,
during these investigations, 2 fish had the seminal glands with small ovarian
tissues. These ovaries had not the oocytes accumulating yolk substances, and the
electrophoretic patterns of serum proteins from those fish showed the same

pattern as male showed.

Discussion

Recently, basic informations of the spawning of red sea breams have been pub-
lished.3>4) They have a long spawning period over two monthes from April to
June and the maturation process begins on late March.

There are some papers about the problems on the blood properties on maturation
process. Gelineo5) observed the high haemoglobin concentration on several fishes
during maturation period. On the other hand, it was reported by Sano6)7) that
haematocrit values and haemoglobin contents fell remarkably with the development
of gonads in both sexes of cultured rainbow trout, and was considered that these
phenomena were due to the depletion of nutritive substances by spawning.

In the present study, condition factors, haemoglobin contents and haematocrit
values are on the decrease slighly during the latter half period of the spawning
season. These results may support the assumption that a small range of variation
in these values results from active feeding even in spawning season in red sea

breams.



Some research results on the electrophoretic patterns of serum proteins of red
sea breams have been reported by Saito8)9) on Tiselius method and on paper
electrophoresis. According to the results, five fractions, f, I, II, IIIl and IV were
identified while authors’ obtained are six fractions. The fraction I is a faint band
and often looks like the tailing of fraction II. The patterns also different from
that of Saito, and it is supposed that these discrepancies may be depended upon
the difference of the method applied.

Matsuural® represented the maturation stage of ovarian eggs of red sea breams
with the histological observation, and the maturation of ovary was divided into
three phases, such as immature, developmental and maturation. These phases
correspond to peripheral nucleolus stage, phase from yolk vesicle stage to later
volk globule stage and that from migration nucleus stage to maturation stage
respectively. Red sea breams spawn several times and have all stages of oocytes
in the ovary throughout the spawning season. In the present study, it was clarified
that the characteristics of the electrophoretic patterns of serum proteins of female
depend on the developmental phase of ovary. In spawning season, the fish with
ovary having only peripheral nucleolus oocytes did not show such characteristic
pattern of serum protein.

In red sea breams, hermaphrodism is observed on several times. Kitajima, C.
and T. Fushimill) reported that this hermaphrodism was mostly observed in
younger matured fish, about 2-3 years old, in the appearance rate of 20 - 30 25
under cultured and natural condtions. These fish always had the seminal glands
with various sized ovaries and these ovaries had no oocytes in developing phase.
These facts may be the results from deficient supplies of substances necessary
for yolk formation by blood stream.

Studies on the pattern changes of electrophoresis relating to the gonad matu-
ration showed positive or negative results. Sindermann C, J, and D. F. Mairs!?
had found no major changes in serum patterns attributable to reproduction or to
fresh water migration on anadromous alewives, Alosa pseudoharengus. Drilhon A.
et J. M. Finel., however, reported the fraction a little to the anode on starch gel
electrophoresis concerning the female gonad maturation on the salmon, Salmo salar.
Yamashital¥) reported that on scorpion fish, Sebastiscus marmoratus, the fraction
V, migrating to the negative side, was higher on the electrophoretical pattern by
cellulose acetate membrane on the female before the extrusion of fries.

Although this resembles to the results obtained by the present study, it is uncer-
tain whether the physiological changes occurring in the maturation process of
viviparous fish are similar to that of the oviparous fish. To know the pattern
variations attributable to sex and maturity, the gel electrophoretic analyses of sera
from rainbow trouts, Salmo gairdneri, were made by R. V. Thurston,!® who
obtained ten fractions numbered from I, the fraction nearest to the positive pole,
to X, the fraction nearest to the negative pole. Primarily there were not pattern
variations attributable to sex but the maturity had the characteristic effects on
the patterns in band intensities of fraction VI and fraction IX. W. E. Vanstone



and F. Chung-Wai Ho!® reported on coho salmon, Onchorhynchus kisufch, that on
the paper zone electrophoresis, bands were divided into six fractions from I of
the positive side to VI of the negative side and the fraction IV was appeared only
in the sera of maturing female. Aida, K., Phan-Van-Ngan and T. Hibiyal? also
reported on the starch gel electrophoresis that there are 15 fractions on females
of Ayu, Plecoglosus altivelis, and fraction nine and eleven showed the distinct
increase in maturation period, and both fractions became stainable with Sudan
Black B, as these increased on the concentration. On Onchorhyncus keta, O. nerka.
and O. masou, Haral® reported the appearance of the new fraction at the position
of B-globulin on cellulose acetate membrane.

In spite of the differences of the methods, the results show the similar intensity
increase patterns of a fraction in the position of inclination towards negative side
in the maturing female when the changes on electrophoretical patterns of serum
attributable to the ovary maturation are recognized on Saimonina.

In the present study, the values of the protein concentration by refractometer
showed the characteristic bimodal distribution on matured females and the higher
mode may contain the lipid component. It seems that the fraction V’ is almost the
same as the serum protein specific for female by Aida et al. concerning the state
of appearance and the position of inclination towards negative pole.

From the discussions described above, it is assumed that the appearance of the
female-specific protein with the development of oocytes supports that the yolk
substances are synthetized in the organ other than ovary and provided into the
oocytes with blood streams. Further, it may be indicative of the analogous mecha-
nism on yolk accumulation in the oocytes among fishes that there are something
in common on the electrophoretical characteristics of female-specific protein during
maturation, whereas there are differences in species and in analytical methods.
These are the subjects for future studies.

Summary

Some blood properties, haemoglobin contents, haematocrit values, values of protein
concentration by refractometer and electrophoretic patterns of the serum protein
were determined relating to the maturity process of gonads on red sea breams,
Chrysophrys major TEMMINCK et SCHLEGEL. While condition factors, haemoglobin
contents and haematocrit values decreased slightly in the late spawning season,
the values of protein concentration showed the extreme increase in the begining
and the decrease in the late of the spawning season on females. Electrophoretic
patterns on cellulose acetate membrane of blood serum proteins disclosed the
characteristic feature in the female with the oocytes of developing phase.

This was the appearance of the fraction V’ a little to the anode, and it may be
identified as the female-specific serum protein as that seen on Salmonina concerning
to the state of appearance and its position.
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