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Haematological Parameters and Respiratory Function in
Diploid and Triploid Far Eastern Catfish, Siurus asotus

Dong-Won SeoL

The Department of Marine Bioscience and Environment

Graduate School of Korea Maritime University

Abstract

Haematological features pertaining to aerobic capability were
compared between diploid and triploid specimens of the far eastern catfish,
Silurus asotus.

No significant differences between diploids and triploids were found
for the haematocrit value, total haemoglobin, and mean corpuscular
haemoglobin concentration, while the mean corpuscular volume, mean
corpuscular haemoglobin, and plasma glucose concentration were
significantly greater in triploids than in diploids, and the number of red

blood cells was significantly lower in triploids than in diploids.
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The oxygen consumption rate did not differ significantly between
diploid and triploid fish (#> 0.05). Nevertheless, the respiratory frequency
was higher in triploids than in diploids (# < 0.05). Triploids were
characterized by a lower concentration of circulating blood cells, and
aquaculture practice should consider the need for a lower

surface/situation.

Key words: Diploid, Triploid, Haematological parameter, Respiratory

function, S//urus asotus

Thesis Advisor: Prof. In-Seok PARK, Ph. D.
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INTRODUCTION

The induction of triploid has been achieved in a number of
different freshwater and marine fish species (Thorgaard, 1983; Benfey,
1989; Thssen ef 4/, 1990; Felip ef 4/, 2001). The main benefit of
triploidy is sterility condition. Sterility allows and organism to avoid
the metabolic costs of sexual maturation, resulting in continued
somatic growth in triploid fish, with maintenance of flesh quality
during the period when diploids sexually mature. In addition, sterility
prevents fish mortality related to spawning (Utter e/ 2/, 1983; Ihssen
et al, 1990; Mair, 1993; Benfey, 1999). Because of these advantages, the
induction and rearing of triploid fish is practiced in the aquaculture
of several economically relevant species (Hulata, 2001). Furthermore,
sterile triploid fish are unable to breed and contribute to the local
gene pool if they escape from the confinement. By conferring in the
desired introduction of exotic fish species for a limited purpose,
triploidy can serve as an effective method by which to reduce or
eliminate the environmental risks of genetically modified organisms
(Kim ef 4/, 1994, Dunham and Devlin, 1999).

Numerous studies have demonstrated that erythrocyte cellular
and nuclear dimensions are increased and number of erythrocytes are
decreased in triploids (Benfey, 1999). Therefore, it is easy to
distinguish between diploid and triploid fish by assessing the size

and number of erythrocytes, which are reduced in triploidy in



proportion to the erythrocyte size (Benfey & Sutterlin 1984; Benfey
1999). In sweetfish, Plecoglossus altivelis, triploid specimens had larger
erythrocytes and lower erythrocytes number than diploid specimens,
and also showed higher hematological parameters (mean corpuscular
volume and mean content of haemoglobin) and oxygen consumption
were higher triploid than diploid (Aliah e7 2/, 1991).

An important consequence of increased nuclear and/or cellular
volume in triploid fish is the resulting decrease in the ratio of surface
area to volume. This could affect processes limited by surface area,
such as nutrient and metabolite exchange, passive and active ion
exchange, and membrane binding of hormones and other messengers.
Due to decreased cell number in the ration of surface too volume
also applies to whole tissues and organs as well (Benfey, 1999). A
second important consequence of increased nuclear and/or cellular
volume is that, depending on the shape of the cell and its nucleus,
the internal transport and diffusion distance may be increased. This
could affect processes such as signal transduction from the cell
surface to the nucleus, and resultant production and movement of
RNA and protein within and outside of the nucleus and cell (Benfey,
1999). Some of these potential disadvantages of triploid cell may be
offset by the energetic advanntages arising from reduced production
and maintenace of cellular membranes and from the smaller relative
surface area across which ionic and osmotic gradients must be

maintained (Szarski, 1976; Benfey, 1999).



The Far Eastern catfish, S7/urus asofus (Linnaeus) (order
Siluriformes, family Siluridae), is distributed widely throughout the
Northeast Asia and is an important species that is used as food in
Korean freshwater aquaculture (Kim ¢/ #/, 2001b). However, there are
two major limitations in culturing of this species. Firstly, there is a
sex-related dimorphism in the growth rate, ie. the females grow
much faster than males (Kim ¢/ #/, 2001la). The sex-related size
difference leads to difficultly in effective stock management and also
frequently results in severe cannibalism in farms during the early
stages of life. Secondly, the precocious maturation prior to the fish
reaching marketable size necessitates an extended cultivation period
beyond sexual maturity. Upon attaining sexual maturity, these fish
begin to experience reduced growth and decreased feed efficiency
(Choi ef al, 1992). Therefore, the induction of triploidy offers
fast-growth and an added value due to the increased production of
large-sized Far Eastern catfish.

Therefore, the purpose of the present study was to investigate
the haematological characteristics in relation to the efficiency of
metabolism-related growth and respiratory function in the transport of
oxygen by erythrocytes to tissue in triploid and diploid Far Eastern

catfish.



MATERIALS AND METHODS

I. Animals

Triploid induction of Far Eastern -catfish, Si/wrus asotus, was
carried out according to the method of Kim ¢/ 2/ (2001). Mature
females were induced to spawn using a single intraperitoneal (IP)
injection of 1,000 IU of human chorionic gonadotropin (Sigma, USA)
per kg body weight (BW) of the catfish. Sperm were also obtained by
scissoring the surgically removed testes of males that had been given
an IP injection of hCG at 500 IU - kg/BW. Eggs were fertilized with
sperm diluted in saline using the wet method. Five minutes after
fertilization, they were rapidly rinsed to remove excess sperm and
were immediately submitted to a cold-shock treatment (4°C) for 60
min to prevent the extrusion of the second polar body. Untreated
fertilized eggs were used as diploid controls.

Diploid and triploid the Far Eastern catfish rearing was carried
out as described Choi & Kim (1996). Diploid and triploid anmals
were reared in 45 L tanks, under the same hydrological conditions.
Water temperature was maintained at 24 + 1.5C and the mean water
oxygen concentration was kept close to saturation level (mean: 9.4 =
0.3 mg/L). Animals were periodically sampled and their ploidy was
determined by flow-cytometric assessment of the nuclear DNA content
in erythrocytes or fin cells (Colombo e #/, 1995; Francescon ef 4l,

2004). Specimens were used at 100 days post-hatching, and had an



average body mass of 102.3 + 9.71 g (length 12.7 £ 2.31 cm).

II. Erythrocyte and erythrocyte nuclear size

For determination of erythrocytes and their nuclear sizes, blood
was collected from the caudal vein of 20 diploid and 20 triploid
animals with 3 mL sterile syringes (23 G x 11/4 needle) and kept at
4C in polyethylene vials to which heparin (70 IU/mL blood) had
been added. Erythrocytes and erythrocyte nuclei for ploidy were
determined from dry blood smears. Air-dried blood smears were
prepared from each fish using the conventional method. The smears
were then fixed in  methyl alcohol and stained  with
May-Griinwald-Giemsa.

For observation of live red blood cells, whole was diluted 1:10
with phosphate-buffered saline (PBS: 0.8% NaCl, 0.02% KCI, 0.02%
KH2POy, 0.115% NaHPO4) and a drop of cell suspension was placed
in the centre of a slide glass, which was then covered with a
coverslip.

For scanning electron microscopy (SEM) analysis, 100 uzL of
blood, diluted 1:100 with PBS was placed in the centre of a coverslip
that had previously been coated with 50 zg/mL poly-L-lysine. Cells
were left to adhere for 30 min and fixed with a solution of 1%
glutaraldehyde and 1% sucrose in PBS; they were then dehydrated in
ethanol, subjected to critical point and sputtered with gold.

Erythrocytes and their nuclear major and minor axes were



determined in both live and fixed cells using a light microscope (Carl,
Zeiss, Germany) equipped with a Axioskop 4.1 image analysis system
and SEM erythrocyte major and minor axes were deciphered from
SEM images. One-hundred and twenty cells were measured for each
specimen.

Erythrocyte and nuclear surface areas were calculated as 5 = 7 -
a * b/4, where 7z and /4 are the major and the minor axis of the cell
and of the nucleus, respectively. The cell and nuclear major and
minor axis and surface for the cell and nucleus of specimens with

each ploidy were compared.

III. Measurement of haematological indices

Ten diploid and ten triploid fish were separated by
flow-cytometry, and haematological parameters were subsequently
analyzed. Total red blood cell count (RBC), haematocrit (Ht), and
haemoglobin (Hb) were determined by an auto-haematology analyzer
(Sysmex XE-2100D, Sysmex Corporation, Japan).

From the previous parameters, the mean corpuscular volume
(MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular
haemoglobin concentration (MCHC) were obtained using the following
formulas (Sezaki e 4/, 1977).

Plasma glucose levels were analyzed using the by Chemistry
System (Hitachi 7180, Hitachi, Japan).

IV. Oxygen consumption rate and respiratory frequency



The oxygen consumption rate was measured according to the
method of Jo and Kim (1999). The respirometer chamber utilized a
simple circulating system. The flow of water was circulated from the
reservoir (170 L) to the head tank by a circulating pump, passed by a
respirometer chamber, and then flowed back into the reservoir (Fig.
1). The head tank was equipped with a temperature controller and 10
im and 3 um cartridge filters equipped for the exclusion of particles
before they were circulated from the reservoir to the head tank, and
a flow-through UV lamp was utilized for the reduction of oxygen
consumption by microbes. Water flowing from the respirometer
chamber passed by an oxygen measurement chamber. During the
period of experiment, the average water flow was 59.6 + 0.5 L/h.

As described by Jo & Kim (1999), the respirometer chamber was
comprised of an acrylic resin box with a thickness of 8 mm; the
overall dimensions of the box were 10 cm (width) x 25 cm (length) x
10 cm (height). A rubber pad was used as a cover for the
respirometer chamber to prevent the inflow of air; a hole was made
in the cover and a small valve was attached for the removal of air in
the respirometer chamber. Inflow water in the respirometer chamber
was diffused through a 10 mm pipe, which was capped at the

end, where a few holes were made. Water flowing from the
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Fig. 1. Schematic diagrams of (a) the respirometer system, (b) the
respirometer chamber and (c) the dissolved oxygen measurement

chamber used in this study.



respirometer chamber was flowed into the dissolved oxygen measurement
chamber, the dimensions of which were 10 cm (width) x 10 cm
(length) x 6 cm (height). The respirometer chamber could use three
chambers at once, and each chamber was connected to a dissolved
oxygen measurement chamber.

Dissolved oxygen measurement chambers were equipped with an
oxygen probe and air in this chamber was removed by same method
used for the respirometer chamber. Dissolved oxygen was measured
using an oxygen measurement electrode and a multi-data logger
system (Oxyguard, Denmark). Inflow and outflow dissolved oxygen
of the respirometer chamber was measured using by unLog VL 100
Software at five minute intervals over 24 hours at 20, 25, and 30 C.
Measurements of oxygen and oxygen consumption rates at each
temperature were saved by the multi-data logger, as described Jobling

(1982).

Oxygen consumption rate (mg Oz/kg/h)=(Ci-Co)xQ/W
C;i = Dissolved oxygen concentration of inflow, mg/L
C,=Dissolved oxygen concentration of outflow, mg/L
Q = Inflow water volume, L/min

B = Weight of specimen, kg

Fish were starved for 1 day; over a 45 hour period, the
respiratory frequency of observed gill cover movements was recorded

for 1 minute every 5 hours.



V. Statistical analysis

The differences among groups were analyzed using Student’s

~test of the SPSS statistics package (SPSS 9.0, SPSS Inc., USA).
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RESULTS

I. Ploidy in the examined animals

All of the putative triploid Far Eastern catfish, Si/urus asotus,
were characterized by 1.5-fold increase (3.3 pg/cell) in the amount of
nuclear DNA compared to the diploid (2.2 pg/cell) fish (data not
shown), thus confirming their triploid status and the success of

triploidization (Fig. 2).

II. Erythorcyte and erythrocyte nuclear size

Far Eastern catfish were elliptical with a central condensed
nucleus (Fig. 3). Living cells were slightly smaller than air-dried cells
and larger than those observed by SEM.

Light and SEM morphological analysis indicated that triploid red
blood cells had significantly (P<0.05) larger major and minor axes and
cell surface when compared with cells from diploid fish. The same
was true for the major and minor axes and surfaces of nuclei of

erythrocytes (Table 1).

III. Haematological indices

The haematological indices obtained with the auto-haematology

analyzer (Sysmex XE-2100D) are presented in Table 2. The haematocrit
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200 Peak Index Mean Area Area% CV% ChiSqu.
1 1.000 14.46 303 100.00 4.41 0.02

Peak Index Mean Area Area% CV% ChiSqu.
1 1.000 21.73 301 100.00 3.40 0.03

80

Cell number

40

200 Peak Index Mean Area Area% CV% ChiSqu.
1 1.000 18.32 231 100.00 2.79 0.02

160

120
80

40

0 50 - 100
Channel number

Fig 2. Representative histogram for flowcytometric analysis of diploid (a)
and triploid (b) S7/urus asofus. DNA content of Mud loach, Misgurnus

mizolepis (c) red blood cells is also shown as internal control.
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Fig 3. Diploid (a, ¢ and e) and triploid (b, d and f) erythrocytes from far
eastern catfish Si/wrus asofus. a, b : air-dried blood smears stanined
May-Griinwald-Giemsa; ¢, d : living cells; e, f : SEM micrographs.
Scale bars : 10 ym.
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Table 1. Differences in erythrocyte size under different conditions in

diploid and triploid far eastern catfish, Srlurus asotus

Parameter

Diploids (2n)

Triploids (3n) Signiﬁcance*

Linear length (um)

Major axis, living cells

Major axis, blood smears

Major axis, SEM

Minor axis, living cells

Minor axis, blood cells

Minor axis, SEM

Major nuclear axis, living cells
Major nuclear axis, blood smears
Minor nuclear axis, living cells
Minor nuclear axis, blood smears

Area (ﬂmz)

Cells area, living cells
Cells area, blood smears
Cells area, SEM

Nucleus area, living cells
Nucleus area, blood smears

Volume (ﬂms)

Cell volume, living cells

Cell volume, blood smears
Cell volume, SEM

Nucleus volume, living cells
Nucleus volume, blood smears

12.10
12.39
10.99
8.13
8.71
6.68
5.35
448
3.39
3.01

82.57
89.64
77.36
9.27
8.58

391.22
377.38
367.56
13.66
13.27

1.215
0.741
0.890
1.097
0.271
0.520
1.301
0.633
0.760
0.158

+ + + + + + + + + =+

5.342
3.427
6.113
1.125
0.603

oA I+ It

22195
30.028
31.412
0.970
1.054

+ + + H+ H+

16.24
16.40
14.52
10.26
10.52
7.96
6.45
5.52
4.09
3.79

112.18
136.56
108.21
12.21
10.93

552.70
518.89
511.01
19.83
18.24

1.053
0.514
1.007
1.052
1.502
0.528
1.319
0.552
0.970
0.247

= + + + + + + H+ H H+

9.550
6.553
6.324
0.892
3.096

+H H+ H+ + I+

40.181
31.347
39.743
1.774
0.726

+H H+ H+ +

P < 0.001
P < 0.001
P < 0.001
P < 0.001
P < 0.001
P < 0.001
P <0.05
P < 0.05
P < 0.05
P <0.05

P < 0.001
P < 0.001
P < 0.001
P < 0.05
P <0.05

P <005
P < 0.05
P <005
P < 0.05
P < 0.05

‘Difference between diploid and triploid is significant

at this level.

Twenty individuals for each ploidy were used, mean + S.D.
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Table 2. Comparison of haematological parameters between diploid and

triploid far estern catfish, Si/urus asotus

Parameter’ Diploids (2n) Triploids (3n) 3N/2N Signiﬁcanceﬂ

Erythrocyte count

. 256 + 0.247 116 £ 0057 045 2~ <0.001
(RBC count, 10° cells/mm)
Haematocrit value (Ht, %) 3573 £+ 3176  33.65 £ 2636 0.95 NS

Mean corpuscular volume
139.25 + 5419 203.95 + 4455 146 P < 0.001

(MCV, )
Total haemoglobin content
9.33 + 0.826 9.35 + 0354 1.00 NS
(Hb, g/100 mL)
Mean corpuscular haemoglobin
P 3650 + 2977 5475 £ 0354 150 P <0001
(MCH, pg)
Mean corpuscular haemoglobin
2625 + 1930 2685 + 2778 1.02 NS

concentration (MCHC, %)
Plasma glucose concentration

(mg/L)

2851 £ 1.707 4450 = 3109 156 £~ < 0.001

"Abbreviations : RBC, red bood cell; Hb, haemoglobin concentration; Ht,
haematocrit value; MCV, mean corpuscular volume; MCH, mean
corpuscular haemoglobin;, MCHC, mean corpuscular haemoglobin
concentraton.

‘Difference between diploid and triploid is significant at this level.

Difference between diploid and triploid is not significant (# > 0.05).
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value (Ht), total haemoglobin content (Hb) and mean corpuscular
haemoglobin concentration (MCHC) did not differ when triploid and
diploid Far Eastern catfish were compared. However, the mean
corpuscular volume (MCV) was 46 % higher and the mean
corpuscular haemoglobin (MCH) was 50 % higher, and the plasma
glucose concentration was 56 % higher (P<0.05) in triploid specimens,
whereas the total red blood cell count was increased 2.2-fold in
diploid specimens. The total surface of erythrocytes per blood volume
(surface of erythrocyte x erythrocyte counter) was 229.5 x 10* zm/ /L
in diploids and 1584 x 10* um/ L in  triploids, with diploid

specimens being 45% larger than triploid specimens.

IV. Oxygen consumption rate and respiratory frequency

Table 3 shows the comparison of oxygen consumption and
respiratory frequency (gill cover movement) between diploids and
triploids at water temperatures of 20, 25 and 30 C. The routine
metabolism, as indicated by oxygen consumption exhibited a large
difference among individuals, resulting in no significant difference
between diploid and triploid specimens. The respiratory
frequencies of triploids at 20, 25, and 30 C were significantly
higher than those of diploids. Triploids showed a respiratory
frequency 1.81 times higher at 20 C and 1.74 times higher at 25
C and 1.5 times at 30 C compared to diploids. This was more
clearly demonstrated by plotting both values for individual specimens (Fig. 4).
Therefore, it was concluded that oxygen wuptake per wunit of

respiratory movement was lower for triploids than for diploids.
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Table 3. Oxygen consumption rate and respiratory (gill cover movement)

in diploid and triploid Far Eastern catfish, Siurus asofus

20 C 25 C 30 C

Oxygen  Respiratory = Oxygen Respiratory = Oxygen  Respiratory
Ploidy  consumption frequency consumption frequency consumption frequency
O/mg/kg/te)  (/min) - O/np/kg/hn)  (/min)  O/nmp/kg/hr)  (/min)

Diploid 1293 + 1203 435 + 1175 2429 + 21.77 525 + 1204 3474 + 3687 650 + 1338

Triploid 1216 = 787 787 + 1528 2339 + 01 912 + 1458 3453 + 3463 974 = 943
Significance  NS' 2 < 0.05° NS P < 0.05 NS P < 0.05

'Difference between diploidy and triploidy is not significant (#>0.05).
*Difference between diploidy and triploidy is significant at this level.
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Fig. 4. Relationship between oxygen consumption and respiratory frequency
(gill cover movement) for diplod (O) and triploid (@) far eastern
catfish, Siurus asotus. a : 20 C, diploid: y = 131.08x - 22227 (7 =
0.863) triploid : y = 159.8x - 263.03 (# = 0.895); b : 25 C, diploid :
y = 22956x - 484.6 (7 = 0.800), triploid : y = 296.58x - 620.72 (7 =
0.856); c: 30 C, diploid : y = 278.1x - 631.06 (rz = 0.864), triploid : y

= 202.95x - 417.37 (# = 0.821).
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DISCUSSION

The induction of a triploid condition in fish has usually been
reported to be accompanied by modification in physiology that may
reduce the resistance to acute stress (Ojolick e7 #/, 1995a; Cotter et 4/,
2002; Ballarin e/ 4/, 2004). This lower resistance can influence the
productivity of triploids during artificial rearing, which is
characterized by crowding and/or occasional reductions in oxygen
concentration.

In this study, some haematological parameters were compared in
diploid and triploid specimens of the Far Eastern catfish, Sazsofus. The
results showed an increase in erythrocyte size in triploids, in
agreement with the previously reported increase in the cell volumes
of polyploidy animals (Purdom, 1993; Gue ef 2/, 1996; Benfey, 1999).
In teleost fish, the increase in erythrocyte size associated with
triploidy has already been reported and the measurement of red
blood cell dimensions was proposed as a rapid and in expensive
assay for triploidy (Krasznai e/ 4/, 1984; Sezaki e/ 4/, 1988; Sezaki ef
al, 1991; Yamamoto & Ilida 1994; Libertini e/ 4/, 1996; Benfey, 1999).
Data have wusually been obtained from blood cells subjected to
air-drying, but this method may lead to alteration in cell morphology.
In order to prove that the observed differences were not a
consequences of different responses of diploid and triploid cells to

air-drying, erythrocyte dimensions were compared under different

_19_



conditions (i.e. air-dried cells, fixed and dehydrated cells for SEM
observations, and living cells). In all cases, the differences were
confirmed. Air-dried cells were somewhat bigger than living cells,
likely due to their flattening on the slide surface. The opposite
situation was shown by cells treated for SEM, probably due to
shrinkage associated with dehydration. The observed increase in
erythrocyte nuclear size in triploids is a consequence of their higher
DNA content, is in agreement with data reported in (Sezaki ¢/ 4/,
1988; Libertini ¢ 7 a/. 1996; Benfey, 1999). Shrinkage of nuclei was
also observed after air-drying.

In this study, the haematocrit value (Ht), total haemoglobin
content (Hb) and mean corpuscular haemoglobin concentration
(MCHC) were not significantly different between diploid and triploid
catfish, but the erythrocyte size, erythrocyte count (RBC count), mean
corpuscular volume (MCV), and mean corpuscular haemoglobin
(MCH) were increased in triploid catfish. This increase in cellular size
was offset by a decrease in cell number, which explains the lack of a
difference in haematocrit observed between diploid and triploid
catfish, as reported in other fish species (Benfey 1999).

Among the haematological parameters, the haemoglobin
concentration and haematocrit value are regarded as being directly
related to the respiratory function and activity of fish, while the
number of and size of erythrocytes are not (Ikeda ef 4/, 1986).

Therefore, if the haemoglobin concentration and haematocrit value are

_20_



constant, a smaller size with an increased number of erythrocytes of
smaller size in a unit blood volume is advantageous in terms of both
respiratory function and activity since these erythrocyte conditions
lead to an increase in the surface area of erythrocytes for the
exchange of oxygen. It is well- known that polyploidization of fish
results in an increase of erythrocyte size (Sezaki et al.,, 1983; Sezaki ef
al, 1988). In this study, the decrease of the erythrocyte surface in
triploid catfish was 45% and the increase of mean corpuscular volume
was 46% compared to that of diploid catfish. Therefore, triploid
catfish had a lower capacity of oxygen exchange than diploid catfish,
due to a decrease of the erythrocyte surface by polyploidization.

Total blood haemoglobin was not siginificantly different in fish
of different ploidy, although the mean corpuscular haemoglobin was
higher in triploid erythrocytes. These findings are in agreement with
data on freshwater (Baker e 4/, 1983; Sezaki ef a4/, 1991; Parsons,
1993; Benfey & Biron, 2000) and marine teleosts (Felip ¢/ 4/, 2001;
Ballarin ¢/ 4/, 2004). A similar total haemoglobin content implies a
similar capability of oxygen transport. This hypothesis is supported by
the observation that oxygen consumption is similar in diploid and
triploid fish under various experimental conditions (Sezaki ef 4/, 1991;
Benfey, 1999). In this study, comparison of the total haemoglobin
content and oxygen consumption rate between diploidy and triploidy
indicated a lower oxygen capability of triploid erythrocytes along

with a higher mean corpuscular haemoglobin level in triploid catfish.
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A lower aerobic metabolism capacity, consequent to a rapid rise
of lactate and an earlier switch to anaerobic metabolism, was reported
in triploid rainbow trout, Oncorfiynchusmykiss (Virtanen ef al, 1990).
This can explain the observed higher plasma glucose concentration in
triploid catfish, which is probably related to an increased depletion of
liver glycogen which, according to Ojolick ef a/ (1995b), confers
triploid fish a sustained ability to with stand anaerobic metabolism. In
addition, a lower capability of triploid cells to internalize glucose,
related to a lower density of either glucose carriage or insulin
receptors per unit of volume, can also contribute to the increase in
plasma glycaemia observed in triploid fish (Ballarin ¢/ 2/, 2004).

The relationship between oxygen consumption and respiratory
frequency at 20, 25 and 30 C was higher in triploids than in
diploids, although diploid and triploid catfish showed similar oxygen
consumption. Therefore, the lower oxygen capability of triploidy than
diploidy is in agreement with the haematological characteristics of
triploidy. Davison (1959) claimed that an increase in erythrocyte size
leads to unpleasant conditions such as the accelerated heart pulsation
and decreased transformation capacity of erythrocytes passing through
peripheral blood vessels. Thus, it is suggested that triploid -catfish
compensate for such disadvantages concerning of oxygen transport by
increased respiratory movement.

Haematological studies have been performed in many fish

species but few studies have been conducted in catfishes. The results
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of this study add haematological information for a new species of
catfish, which contributes to the alleviation of this situation. Our
results show triploidy-associated changes in haematological parameters
that might affect Far Eastern catfish physiology, specifically the
capacity of this fish to use oxygen in low concentration conditions
and thus to react to acute hypoxia. Current farming practices such as
in-farm continuous monitoring of water quality and rearing tanks
certainly would minimize the impact of triploidy-induced changes in
oxygen-use capabilities. Nevertheless, these changes, as they have been
determined in the present study, should be taken into account when
assessing the feasibility of triploid Far Eastern catfish for intensive

aquaculture systems where unfavorable rearing situations may occur.

_23_



KOREAN ABSTRACT (3% £ )

oA} B 9=

W 7], Silurus asotus 28] A 2 36 A o] & A Al A} 1}

R R E

s 7ol el 5. o 321 3 G4 21 51

(A=a%: FAspAL Bl 4)

2008 2

W 7], Silurus asotus® 280 A ¢} = 3 Ao AT ZH E

A
2

H 35 v #3 vuE dste Ao AT ;Y A7), WA
RIS Zoksle AHE, Giemsa 94 R AAAV A (SEM)E S5
%;‘é‘é}ﬁiifﬂ, @9 Hy" HEF 5, haematocrit X, HdE HEF &
2, % haemoglobin &%, H A&+ haemoglobin ¥, H AT

haemoglobin TE 9 ¥4 glucose TEE A stdoH, 44 LHE



3 =4 5 2ujA 2o 3ujA| 7 ZA YESTHZ < 0.05).

20 A 9} 3uj Al o] @A A4S haematocrit %], & haemoglobin 3%

2 P AT LY Toe AE FYFHQ zolE HolA] o
(£ > 0.05), B HAEF &4, Hd HEF haemoglobin &F F IH
o

T

glucose = 3uA7F =4 Yelgch v, @9 RFug g7
24 7} 3u) A Wk e
Ul s} 2ufA e A 2ulEe HZ
o AoiA ZujAIZE 20 A BT B sHFFE BAT olHg A= 30
2~

Aol BeAsrH S5 AN Ge B o] §8L WISy Utk

_25_



ACKNOWLEDGEMENTS

I sincerely thank the following people for continuous interest
and practical help in the completion of this thesis.

To my supervisor, Dr. In-Seok Park, go sincere thanks, not only
for sound technical advice and penetrating criticism, but also for his
availability and limitless supply of patience. Working under his
guidance has been an instructive and pleasant experience.

I also wish to thank my thesis committee, Drs. Cheol Young
Chor and Sung Hwan Cpgo, for practical advice, particularly with
calculations and editorial changes in the thesis, and to Drs. Hyo Jin
Kancg, Il Nou, Youngwan Sgo, Ho Jin Lrr, Jong Woong Amnn, Sun
Young Lim, and Kyung Eun Lge for kind advice and interest in the
thesis.

My association with Dr. Jinhwan Lz was extremely valuable.
Their enthusiasm and seemingly insatiable desire for investigating all
aspects of a problem and running down all the loose ends are
enviable traits.

I also with to express my sincere thanks to my present
colleagues in the Fishery Genetics & Breeding group, Soo Yeon Iu,
Woo June Hur, Min Ouk Park, Il Jae Parx, Yong Geor Lgg, Chang
Wan K, and Jin Wang Lge for their friendship, invaluable assistance,
cooperation, support, and attention to my research.

And finally deepest gratitude goes to my best-frends Bae Jung
Kiv and Ji Young Kwon, my older sister, and my parent sharer of

adventures, guardian of happiness and sanity on all the long days.

_26_



REFERENCES

Aliah RS, Y Inada, K Yamaoka & N Taniguchi. (1991) Effects of
triploid on  haematological characteristics and  oxygen

consumption of ayu. Bull/ Japan Soc Sci Fis/z 57, 833-836.

Baker CJ, ML Beck & C]J Biggers. (1983) Hematological and
enzymatic analysis of Ctenopharyngodon idella X
Hypophthalmichthys nobilis ¥1 hybrids. Comp Biochem  Physiol 24A,
915-918.

Ballarin L, M Dall’Oro, D Bertotto, A Libertini, A Francescon & A
Barbaro. (2004) Haematological parameters in Umbrinacirrosa
(Teleostei, Sciaenidae): a comparison between diploid and

triploid specimens. Comp Biochen Physio/ 138A, 45-51.
Benfey T] & AM Sutterlin. (1984) The haematology of triploid
landlocked Atlantic salmon (Sa#/mo salar L.) ] Fish Biol 24,

333-338.

Benfey T] (1989) A bibiliography of triploid fish, 1943 to 1988. Can
Tech Rep Fishi Aguat Scr 1682, 33p.

Benfey T] (1999) The physiology and behavior of triploid fishes. Rez

_27_



Fishr Sci 7, 39-67.

Benfey T] & M Biron. (2000) Acute stress response in triploid
rainbow trout (Oncorliynchus mykiss) and brook trout (Salvelinus

Sfontinalis). Agquaculture 184, 167-176.

Choi GC, DS Kim, J-Y Jo & JM Kim. (1992) Induced breeding and
indoor culture of the catfish (S7/urus  asotus) (Teleostomi:

Siluridae). / Aguaculture 5, 117-126.

Choi NJ & SW Kim. (1996) Triploid induction and growth of the far
eastern catfish (Siurus asotus). Bull Nat Fish Res Develop Ins
(Korea) 52, 25-36.

Colombo L, A Barbaro, A Libertini, P Benedetti, A Francescon & I
Lombardo. (1995) Artificial fertilization and induction of
triploidy and meiogynogenesis in the European sea bass

(Dicentrarchus lnbrax L.). | Appl Ichthyol 11, 118-125.

Cotter D., V O’Donovan, A Drumm, N Roche, EN Ling & NP
Willkins. (2002) Comparison of freshwater and marine
performances of all female diploid and triploid Atlantic salmon

(Salmo salar L.). Agquacult Res 33, 43-53.

_28_



Davison ]J. (1959) Studies on the form of amphibian red blood cell.
Biol Bull 116, 397-405.

Dunham RA & RH Devlin. (1999) Comparison of traditional breeding
and transgenesis in farmed fish with implications for growth
enhancement and fitness. In: Zransgenic Animals i Agriculture
(ed. by J.D. Murray, G.B. Anderson, A.M. Oberbauer & M.N.
McGloughlin), pp. 209-229. NY: CABInternational, New York.

Felip A, S Zanuy, M Carrillo & F Piferrer. (2001) Induction of
triploidy and gynogenesis in teleost fish with emphasis on

marine species. Genefrca 111, 175-195.

Felip A. F Piferrer, S Zanuy & M Carrillo. (2001) Comparative
growth performance of diploid and triploid European sea bass

over the first four spawning seasons. / F7s/z Bio/ 58, 76-88.

Francescon A., A Libertini, D Bertotto & A Barbaro. (2004) Shock
timing in mitogynogenesis and tetraploidization of the European

sea bass (Dicentrarchus labrax). Aguaculture 142, 149-161.

Gue X, GA De Brosse & SK Allen Jr. (1996) All-triploid Pacific

oysters (Crassostrea  gigas Thunberg) produced by mating

tetraploids and diploids. Aguaculture 142, 149-161.

_29_



Hulata G. (2001) Genetic manipulation in aquaculture: a review of
stock improvement by classical and modern technologies.

Genetiea 111, 155-173.

Ihssen PE, IR McKay, I McMillan & RB Phillips. (1999) Ploidy
manipulation and gynogenesis in fishes: Cytogenetic and

fisheries applications. 77ans the Am Fish Soc 119, 689-717.

Ikeda Y, H Ozaki & K Sezaki. (1986) Blood Atlas of Fishes (ed. by
Ikeda Y., H Ozaki & K Sezaki), pp. 361. Midori-shobo, Tokyo.

Jobling M. (1982) A study of some factors affecting rates of oxygen
consumption of plaice (Pleuronectes platessa L.) ] Fish Biol 20,

501-516.

Jo J.-Y. & YH Kim. (1999) Oxygen consumption of far eastern catfish
(S7urus asotfus), on the different water temperatures and photo

periods. / Kor Fis/z Soc 32, 56-61.

Kim DS, J-Y Jo & T-Y Lee. (1994) Induction of triploidy in mud

loach (Misgurnus mizolepis) and its effect on gonad development

and growth. Aguaculture 120, 263-270.

_30_



Kim DS, HJ Cho, IC Bang, GC Choi & YK Nam. (2001a) Effect of
immersion of fry in estradiol-175 on sex reversal, structural
changes of gonad, and growth performance in the far eastern

catfish (S7/urus asotus). Agquacult Res 32, 323-328.

Kim DS, HJ] Cho, I-S Park, GC Choi & YK Nam. (2001b).
Cytogenetic traits and gonad development of induced triploidy

in far eastern catfish (Si/urus asotus). Korean | Genetics 23, 55-62.

Krasznai Z, T Marian, Z Jeney, G Jeney & A Zsigri. (1984) Effect of
triploidy on the blood «cell size of hybrid grass carp.

Aguatucture Hungarica (Szarvas) 4, 17-24.

Libertini A, F Meneghetti, A Barbaro & A Francescon. (1996)
Applicazione di due semplici tecniche per l'identificazione di
ceppi poliploidi in teleostei marini. In: Proceedings of the
workshop CNR-RAISA FLAIR FLOW EUROPE “ 7ransformazione
e conservazione der prodotts ittic/” (ed. by Lanari D., Lerici C.R. &
Zamorani A.), pp. 133-141. Ferrar CLEUP Padova. (Italy) Feb.
12, 1996.

Mair GC. (1993) Chromosome-set manipulation in tilapia-techniques,

problems and prospects. Aguaculture 111, 227-244.

_31_



Ojolick EJ, R Cusack, T] Benfey & SR Kerr. (1995a). Survival and
growth of all-female diploid and triploid rainbow-trout

(Oncorliynchus mykiss). Aguaculture 131, 117-187.

Ojolick EJ, R Cusack, T] Benfey & SR Kerr. (1995b) Survival and
growth of all-female diploid and triploid Clzrias macrocephalus.
Fish  genetics and its Application fo Aguaculture and Fishery

Mangement. Brotrop Special Publications volume 52, pp.79-86.

Parsons GR. (1993) Comparison of triploid and diploid white
crappies. Zran Am Fish Soc 122, 237-243.

Purdom CE. (1993)  Genetic and Fish breeding. Chapman & Hall,

London.

Sezaki K, H Kobayashi & M Nakamura. (1977) Size of erythrocytes
in the diploid and triploid specimens of Carassius auratus

langsdorfi. Jap | Genetics 24, 135-140.

Sezaki K, S Watabe & K Hashimoto. (1983) A comparison of
chemical composition between diploids and triploids of
“eginbuna” Carassius auratus langsdorfi. Nippon Suisan Guakkaishi

49, 97-101.

_32_



Sezaki K, S Watanabe & K Hashimoto. (1988) Haematolocical
parameters and erythrocyte enzyme activities associated with

increase in ploidy status of the spinous loach, Cobitis biwae

Jordan and Snyder. / Fisiz Bio/ 32, 149-150.

Sezaki K. K Watanabe, K Tsukamoto & K Hashimoto. (1991) Effects
of increase in ploidy status on respiratory function of ginbuna

(Carassius aurafus Langsdrofi) (Cyprinidae). Comp Biochem Physiol
99A, 123-127.

Szarski H. (1976) Cell size and nuclear DNA content in vertebrates.

Int rev cytology-a survey cell biol 44, 93-111.

Thorgaard GH. (1983) Chromosome set manipulation and sex control

in fish. F7si Physiol 9B, 405-434.

Ueno K. (1984) Induction of triploid carp and their haematological

characteristics. Jazp / Genetics 59, 585-591.

Utter FM, OW Johnson, GH Thorgaard & PS Rabinovich. (1983)
Measurement and potential applications of induced triploidy in
Pacific salmon. Aguaculture 35, 125-135.

Virtanen E., L. Forsman & A Sundby. (1990) Triploidy decreases the

aerobic swimming capacity of rainbow trout (Sa/mo salar). Comp

_33_



Biochem Physiol 96A, 117-121.

Yamamoto A & T lida. (1994) Hematological characteristics of triploid
rainbow trout. £7s/z Pathol 29, 239-243.

_34_



	INTRODUCTION
	MATERIALS AND METHODS
	I. ANIMALS
	II. ERYTHROCYTE AND ERYTHROCYTE NUCLEAR SIZE
	III. MEASUREMENT OF MAEMATOLOGICAL INDICES
	IV. OXYGEN CONSUMPTION RATE AND RESPIRATORY FREQUENCY
	V. STATISTICAL ANALYSIS

	RESULTS
	I. PLOIDY IN THE EXAMINED ANIMALS
	II. ERYTHROCYTE AND ERYTHROCYTE NUCLEAR SIZE
	III. HAEMATOLOGICAL IINDICES
	IV. OXYGEN CONSUMPTION RATE AND RESPIRATORY FREQUENCY

	DISCUSSION
	KOREAN ABSTRACT
	ACKNOWLEDGEMENTS
	REFERENCES

