it

AR~ A-C iuma Q@
o

e dy of fish specificity for the infestation with o] hidi iopsi iana.
SARD I, NE %},ﬁmStu \ p y ith glochidia Hyriopsis myersiana Q-@

Kovitvadhi Uthaiwan % Pannee Pakkong ®; Napavarn Noparatnaraporn

Laura Vilarinho ¢ and Jorge Machado °

‘Department of Zoology, Faculty of Science, Kasetsart University, Bangkok
10900; Thailand.

bDepartment of Applied Radiation and Isotopes, Faculty of Science,
Kasetsart University, Bangkok, 10900, Thailand.

‘Department of Microbiology, Faculty of Science, Kasetsart University,
Bangkok 10900; Thailand,

‘Laboratorio de Biolo gia, Instituto de Genetica Medica Jacinto de
Magalhaes, Porto, Portugal.

*Departamento de Producio Aquética, Instituto de Ciéncias Biomédicas de ‘
Abel Salazar, Universidade do Porto; Centro de Investigacio Marftima e

Ambiental (CTIMAR), Porto 4099 - 003: Portugal.

Corresponding author: J. Machado

Lab. Fisiologia Aplicada

Instituto de Ciéncias Biomédicas de Abel Salazar
Lg. Prof. Abel Salazar, n.*2

4099-003 Porto Portugal

Tel: +351 22 2062294; fax: : +351 22 2062232

E-mail address:. jmachado@icbas.up.pt




Abstract

The analyses of several organic and inorganic elements in the plasma of

different fish species on control and infested conditions with Hyriopsis myersiana

were undertaken. The more suitable composition of plasma was corresponded to the
fish species which produced the highest number of transformed glochidia. The
infestation assay showed that glochidia H. myersiana had short transformation period
of 6-12 days to reach juvenile stage. The higher recovery peak could be seen in the
plasma of common carp with lower degree in nile tilapia, giant walking catfish and
stripe catfish. On the other hand, the significant increase (P<0.05 and 0.01) at 3* and
6 days for Pps, Pea, Hcy2, Cys, Abu, Om and Leu could also interfere the
transformation success. It is suggested that the significant decrease (P<0.05 and 0.01)
in Mhis1, Etn, Arg, Tau, Ser, Lys, potassium, magnesium and chloride in the plasma
just postinfestation could be related to the glochidia tranformation. On the contrary,
significant increase (P<0.05 and P<0.01) in Sar, Ala, Pi, tryglicerides, glucose and
calcium might also induce glochidia transformation. However, correlating several
aspects of present data indicated that the most determinant factor is not the specific
alterations in the plasma after infestation, but-«the-spectficsplasma..composition..in

«different-fish-species:at-the:controltime:

Keywords: Glochidia; Infestation; Fish specificity; Fish plasma composition



1. Intreduction

Thailand has a great potential for producing freshwater pearl on a large scale.
This 1s because many of Thai species freshwater pearl mussels are capable of making
pearls (Nagachinta et al., 1986; Panha, 1990). However, the number of animal
available to support this activity is rapidly decreasing in the natural habitats. In fact,
several factors are known to Iimit the development of glochidia, i.e., feeding by
fishes, fishing in the reproductive season and the water pollution (Bauer et al., 1980;
Bauer, 1988). A factor contributing to this diminishing is the natural stress caused by
glochidia discharge from female followed by water contamination with bacteria, fungi
and protozoa. Finally, the encystment process with many immunological reactions
from the host further reduces mussels population. The early development of glochidia
H. myersiana takes place within the marsupium of the female. Upon discharging from
the gravid mussel, the globhidia become encysted in the fish or some amphibians
(ectoparasitism) prior to transformation into early juvenile stage (Lefevre and Curtis,
1910; Seshatya, 1941; D'Eliscu, 1972; Walker, 1981; Kraemer and Swanson; 1985;
Watt¢rs and (’Dee, 1998; Haag and Warren IR, 1999). Thus, the identification of
appropriate hosts for freshwater mussels has become an important measurement to
conserve and manage this precious organism (Watters and O’Dee, 1998). Natural
hosts have not been identified for most species of mussel, thereby, the induction of
glochidial metémorphosis 1s more difficult. Panha (1990) reported 11 species of fish
that act as host to glochidia H. myersiana. However, the glochidia which has high
specificity for host become very selective in the survival process. The degree of host
specificity of glochidia varies among mussel species, ranging from those which can
use a wide variety of fish to those of more specific which use only a few closely

related fish species (Haag and Warren, 1999).



As a result, the natural growth and transformations of glochidia are not well
controlled but being directly or indirectly obliterate at different steps. The alternative
uses of artificial media to bypass the parasitic stage on host have been done (Isom and
Hudson, 1982; Keller and Zam, 1990; Uthaiwan et al., 2001). Anyhow, this process is
only partially successful to use with every species. To find an adequate fish plasma to
add in an artificial media seems to be a fundamental goal, since the culture in vitro is
know to depend largely on specific organic and inorganic sources. Thus, the propose
now is to simulate a natural infestation of glochidia H. myversiana into four different
species of fish and analyse several parameters of fish plasma during this parasitic
period as well as evaluate the best survival and transformation conditions bases on
host specificity. This could lead to an ideal media composition for culture in vitro.

During glochidia H. myersiana infestation, the organic (free amino acids,
protein, glucose and triglyceride) and inorganic (Ca®*, Cu**, ng, Mn®*, Na*, K, §
and CI') contents of the fish plasma were measured. The survival number of juvenile
posterior to infestation was also determined in order to correlate the glochidia

transformation with eventual determinant of organic or inorganic elements.

2. Materials and methods
Macklong River in Kanchanaburi Province, Thailand, is one of the natural

habitats of mussel Hyriopsis myersiana. However, a controlled process has been used

for rearing this mussel for more than ten years at Vajiralongkom Reservoir to
supplement for the natural deficiency or drastic disturbance in its primitive habitat.
The mussels to be used in the experimental infestation were collected from this

reservoir. Gravid mussel Hyriopsis myersiana with completely brown marsupia was

selected for glochidiosis. The glochidia activity suitable for infestation was tested by



the observation of shell movements under light microscope (X 100). Gravid mussel
was kept in a small aquarium containing 4! of dechlorinated tap water and aeration.
Glochidia were refeased into the aquarium within 1 hr at room temperature, 27-28°C,
Four fish species were selected for infestation assays, namely, the common carp

(Cyprinus carprio), nile tilapia (Oreochromis niloticus), giant walking catfish (Clarias

macrocephalus x C. gariepinus) and striped catfish (Pangasius pangasius) with 44.36

+2.0 cm, 28.02+3.71, 51.17£4.72 and 42.02+4.46 cm in total length and 1425.0%

216.51 g, 409.3x164.52, 1041.67£82.5, and 674.994223.94 g in total weight,
respectively. These fish are commonly found in the natural freshwater in Thailand and
are hosts for II. myersiana (Panha, 1992). However, all the experimental fish were
obtained from a fish farm and have never been infested before. Each fish species was
taken to the laboratory 10 days for acclamatization before infestation and were fed
once daily with commercial herbivore fish food. Common carp, nile tilapia, giant
walking catfish and striped catfish were anesthetized with 1,000, 1,000, 1,500 and
1,000 mg/1 of quinaldine, respectively (Sado, 1985; Uthaiwan et al., 2001). Dropping
infestation method was used onto the gill raker and gill filament where most
topographical distribution of the parasitic glochidia were found (Kondo, 1984;
Araye;.watanavij, 1992). Nine anesthetized fishes per species were infested with
2662.5+129.4 of glochidia in dechlorinated water per one branchial chamber onto the
gills and holding 2 minutes for successful attachment. The incidence of parasitized
fish was observed in each individual fish within three days of infestation.

The first experimental group of fish was distributed in four plastic tanks, each
with three fishes per species, and used for blood collection after different days (3%,
6" 12" of infestation period. The plasma analyses on 3™ and 6™ were chosen as

critical period when higher chemical blood alteration is expected while that on 12"



was lower and closer to the control. The second group was with six fishes per species.
After infestation, they were transfered to another tank with plastic net-cover to protect
the transformed juveniles from ingestion by other fishes. During 612t days
postinfestation of the second group (six fishes per species), material from the bottom
of tanks were daily siphoned through a 150 pm nylon mesh-screen. Then, the number
of transformed juveniles released from infested fishes was counted under a
stereomicroscope. The third group with three non-infested fishes per species in each
tank were used as control. All the experimental tanks containing 700 1 of
dechlorinated and aerated water were utilized in different conditions.

Fish blood was collected with syringe needle no. 18 (1.2 mm in diameter and
40 mm in length) from caudal vein in the tail area of fish. The syringe was coated
with sodtum heparin at 1,000 unit per ml concentration. Then, the blood was
centrifuged at 1,000 and 3,000 r.p.m. for 10 minutes each. The supernatant was
collected and placed in a new test tube and centrifuged again at 3,000 r.p.m. for 10
minutes. Plasma portion (clear yellow solution) was separated and filtered through
0.45 pm and 0.20 um filter paper, respectively. The fish plasma was pfeferably stored
below —20 °C for further analyses.

The major organic and inorganic elements in fish plasma were analysed.
Thirty-three free amino acids were analyzed by ion-exchange chromatography in a
ninhydrin-based detection automatic system, using a standard five-lithium-buffer
system ( LMB 4151 Alpha Plus® Amino Acid Analyzer) designed for physiological
fluid analysis, with L-norleucine as an internal standard. Light absorbance was
measured at 570 and 440 nm to evaluate the amount of hydroxyproline and proline.
Protein content were measured using Biuret method (Doumas et al., 1957),

triglyceride using Enzymatic method (Fossati and Prenchip., 1982; McGowax et al.,



1983 ), glucose using Enzymatic method (Trinder,1969) and ions (Ca™, Cu™, CI,
Mg"', Mn™", Na', K', CI" and S) on High Performance Energy Dispersive X-ray
Fluorescence Spectrometer (Oxford ED*® model) while the osmolality
measurements was measured using freezing point osmometer (SLAMED 800cl
model).

The precentage of juvenile transformation, organic and inorganic contents,
osmolality in the plasma collected from control and infested fishes of different species

were analyzed using ANOVA and Duncan New’s Multiple Range Test.

3. Results

The incidence and survival percentage of common carp, nile tilapia, giant
walking catfish and striped catfish was found to be 100. Parasitic glochidia infesting
to all fish species could be transformed into juvenile. Most juvenile recovery for all
fish species peaked at 7-10 days after infestation except striped catfish was found to

be at 8-10 days (Fig. 1). The total number of Hyriopsis myersiana juvenile during

6th—12th days postinfestation was found to be .'844 in common carp while in nile
tilapia, giant walking catfish and striped catfish were 587, 503 and 107, respectively.
Free amino acid content in fish plasma of infested common carp, nile tilapia,
giant walking catfish and striped catfish are shown in Table 1 for three infestation
steps (3, 6", 12 days). The low concentrations at the minimum of 0-0.40+1.1umol/l
for His and at maximum of 397.93+203.5 pmol/l for Gly with non-significant
difference (P>0.05) could be observed (Table 1). Other free amino acids, namely,
Hyl, Bala, Mhis3, Cysta, Cit, Hyp, Met, Tyr, Phe, Ile, Asn, Aad, Asx, Glx, Thr, Pro
and Val were found in subsequent order with non-significant difference (P>0.05)

(Table 1). Non-significant values were also observed for osmolarity and inorganic



compounds of Cu**, Mn*", P, S, and Na' in the range of 0.15+0.52 mg/g (Cu>*) and
2658.15+544.01 mg/g (Na').

Other free amino acids as Mhisl, Etn, Arg, Tau, Ser and Lys were presented
at higher values in the control groups within the range of 4.33+1.6 umol/l (Mhis1)
and 221.20£96.8 pmol/l (Lys), with highly significant difference (P<0.01) (Table ).
The same characteristic was found for inorganic elements as K (247.09+80.99 mg/g),
MgEJr (356.34+116.65 mg/e) and CI** (3950.24+454.52 mp/g). Tﬁese amino acids and
inorganic compounds reached lower significant values during the infestation period
(Table 1). On the contrary, Sar, Ala and Pi showed an increase, with a highly
significant differences (P<0.01), on the last day (12™) within the range of 11.17£20.4
and 460.75£39.7 pmol/l, respectively. Triglyceride (280.51£124.02 mg/dl), glucose
(245.05£81.79 mg/dl) and calcium (197.21+73.01 mg/g) also increased significantly
at the end of infestation. Amino acid analysis exhibited a significant peaks (P<0.05
and 0.01) on the 3rd or 6th days for Pps, Pea, Hey2, Cys2, Abu, Om and Leu, while
specific ranges of 10.0+6.6 and 216.58+94.6 pmol/l were found for Pps and Leu,
respectively (Table 1). Proteins showed the same characteristic on 3™ day reaching
significant maximum at 3.39+0.61.

The relative variations in free amino acid contents between the total average of
infestations days (3™ + 6% + 12‘*‘) and the ;espective control per species showed only
few with significant (P<0.05 and 0.01) change in the plasma composition (Table 2).
The concentration differences between the control and infested fishes were: Abu and
Aad in common carp; Cit, triglyceride and magnesium in Nile tilapia; Abu Ile Aad,
Gly, triglycerides and sulphur in giant walking fish; Abu, Met, triglycerides, sulphur
and chloride in striped catfish. The rest of organic and inorganic compounds with

non-significant differences (P>0.05) in control or infested fish species are also



presented in Table 2 from the lower concentration range of 0-6.67+11.6 mg/e for
Bala, Pea, Hyl, at 2.83+0.1 mg/g for protein and at 0-0.43+0.8 mg/g for copper to the
highest content of 537.75+54.6 mg/g for Ala, 381.16+38.1 mg/g for triglycerides and

4545.14+86.81 mg/g for chioride.
The control values as presented for different species refer to the same group of
experiments used in larvae artificial culture (Uthaiwan et al., submitted) as a parallel

setup.

4. Discussion and conclusion

The short duration of parasific phase of unionids in a fish host is generally
considered (Dartnall and Walkey, 1979; Dudgeon and Morton, 1984) as a normal and
obligate behavior in natural environment. Chemical or physical contact with the fish
may induce larvae releasing from the mussel, at least partially in a specific way
(Jokela and Palokangas, 1993). The host specificity of fishes is now known to be an
important factor which could enhance glochidia infestation and metamorphosis (Haag
and Warren, 1999). From the results of Isom and Hudson (1982); Keller and Zam
(1990) and Uthaiwan et al. (2001) it is possible to have technical development for
culturing glochidia in vitro. This would be an incentive to find an alternative method
to control mussel population which has.been drastically reduced by pollution. It
showed that using adequate media and plasma would improve the survival and
transformation percentage of these organisms. However, the complete juvenile
transformation into adult stage is difficult to achiéve and the information on its
process i1s not well-acquired. This still reinforces the idea that the specificity
constitutes a relevant factor for all transformation process. Early workers pointed out

also that some glochidia have greater affinity for certain regions of the body or even
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specific sites of organs in the host (Suydam, 1971; Hanek and Fernando, 1977). This
suggests that the mechanisms controlling the morphology development in glochidia
until juveniie and definitive adult ages form a complex process which implicates
various delicate steps. It was confirmed by Uthaiwan et al.(submitted) for H.
myersiana that fish plasma specificity is still a relevant requirement, even if the
artificial media is used. In effect, glochidia H. mversiana showed high percentage of
survival (93%) and transformation (100%) which are easily accomplished in the
plasma of common carp, while in nile tilapia, giant walking catfish and stripped, the
percentages of these measurments were lower.

In the present work the plasma specificity observed in the infestation assay
could present a parallel correspondence with that by Uthaiwan et al. (submitted). In
fact, the number of transformed juveniles after infestation showed the same order of
specificity as common carp, nile tilapia, giant walking catfish and stripped catfish. It
means that the common carp was more available for in vitro culture of I, myersiana
while the striped catfish was less as also showed in the delay of peak. The present
results showed higher specificity effect when compared to the experimental results of
Waller and Holland-Bartels (1988). In fact, there was a shorter peak period of 7-10
days for accomplishing the larvae transformation of H. myersiana while the peak
period for Lampsilis higginsi was at 18n24' days with different fishes. However, there
was a still significant reduction of glochidia number injected into the gills, since only
a small fraction of transformed juveniles of H. myersiana were obtained in all
experimental conditions. This suggested that an effective infestation was not
undertaken and/or that the transformation of infested number was not completely

successful. Such drastic decreasing is probably related to strong selective factors like
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the composition and texture of connective tissue and blood of different fish species
and their respective degree of immunity.

An ultimate goal was to determine if any specific amino acids or other organic
and Inorganic compounds in the plasma of infested fish could influence the high or
low efficiency on juvenile transformation of H. myversiana. This could give us some
idea about the best conditions for in vitro culture in order to induce higher juvenile
survival and immune resistance while reaching the aduit stage. The non-significant
composition of His-Gly suggested the weak effect of these amino acids on juvenile
transformation. On the contrary, the significant variations of Mhisl-Lys associated to
potassium, sodium and chloride with highest contents at control (zero time), Sar, Ala,
Pi, triglycerides, glucose and calcium with highest value at the end of infestation (12
days) and of Pps-Leu and protein with higher contents during 3-6 days suggested
some specific influence on glochidia transformation. However, these significant
differences were not consistent with those observed in the free amino acid contents
from infested fish species if compared with control conditions. In fact, it was found to
be Abu and Aad for common carp, Cit, trigiycerides and magnesium for nile tilapia,
Abu, Ile, Aad, Gly, trigiycerides and sulphur for giant walking catfish and Abu, Met,
triglycerides, sulphur and chloride for striped catfish.

The results also showed that the significant variations of specific organic and
inorganic elements during the infestation period with all fishes might at least explain
partial trend that influence the development of glochidia transformation. Although,
an individual (per species) analyses of infestation effect seems to mask or dilute the
specificity of the first group, this inconsistency indicated that these amino acid
changes during infestation are not relevant to determine any specific behavior of

different fish plasma. On the other hand, the equivalent and parallel efficiency of
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control plasma in vitro culture as showed by Uthaiwan et al. (submitted) makes us
believe that the difference among several fish plasma in control are enough to
determine its efficiency. It means that there is no need to have any specific alteration
during infestation in order to induce higher transformation. Thus, it is relevant to
point out that the amino acid contents then measured by Uthalwan et al.(submitted)
for the group Cit, Glx, Leu, Pro, Thr and Ala may effectively constitute the most

fundamental elements for the success of glochidia survival and transformation.
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number of juvenils

day after infestation

= common carnp —&— nile tilapia

—#&— giant walking catfish —— striped catfish

Figure 1. Recovery number of juveniles Hyriopsis myversiana during 6th-12th days
after infested six fishes per species with 2,662.5+129.4 glochidia in each branchial

chamber of common carp, nile tilapia, walking catfish and striped catfish.
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Table 1 —The organic and inorganic elements measured in the four fish plasma species in control and
during infestation periods. The values of all elements correspond to the average in all steps of plasma
composition in common carp, nile tilapia, giant walking catfish and striped catfish. The elements are
organized info several groups depending on the significant and non-significant differences and
concentration order. The number of samples used for N represents statistic calculations.

Organic/ Time infection (days}

Inorganic elements Control * 3 [ 12 Sig.
Amino acids {tmoi/T)
His G.40+1.1 1] 018436 G ns
Hyl 0.40£1.1 10040 0.18+0.6 0 ns
Bala 133452 o 0 5.00+11.8 ns
Mhis3 8.07+9.2 2.83£11.1 6.8219.0 8.75410.3 ns
Cysta 10.47+19.6 25755515 8.73+28.9 11.92421.1 ns
Cit 15.53114.4 27.58+472 11.006£12.2 9.75+12.9 ns
Hyp 26.60x18.4 28.58419.14 234518 6 19.42+11.6 ns
Aad 54.93£116.9 109.424213.8 115.55+314.3 - 130.832303.3 ns
Met 55.07430.5 40.50£19.6 45184239 $9.92428.9 ns
Tyr 69.53+20.8 61.08+43 .4 52.45412.1 60.17431.2 ns
Phe 76.07£17.1 68.33%18.6 66.64£11.5 81.92464.8 ns
Tle 96.33+27.9 105.50+44.46 111.36£51.0 77.92:40.4 ns
Gix 108.40£66.3 144924579 82.73%36.6 116.0453.1 ns
Asn 113.60492.2 93.92+55.7 82.36+64.2 §2.17£38.1 ns
Asx 137.13490.5 114.25455.8 94.8+70.3 86.67+42.2 ns
Thr 152.60+134.4 115.75£56.1 £2.18+51.8 117.08483.4 ns
Pro 155.804169.3 163.25£263.5 103.64+126.3 83.58+94.7 ns
Vai 166.87449 4 149.67461.5 160.91439.4 137.92458.9 ns
Gly 397.934203.5 340.92£142.5 305.64£173.9 373.334238.5 s
Mhis} 4,33+1 .6 2.9243.2% 1.6442.5° 2.92+2 6% *
Efn 18.73422.5* gb o 8.33+22. 46 o
Arg 148.33467.4° 70.00£50.1° 89.45+395.7° 88.67+53.7° *
Tau 301.07+144.9° 13233%121.1% 201.82:56.8 % 285.83£168.9° Wk
Ser 109.33449.22 106.75434 .42 71.45¢36.20 102.00£59.5% o
Lys 221.20496,8 120.25+49.3° 195.91+16.4% 143.25465.2 % *
Sar G° g ob 11.17420.4° > *
Al 329201141 4™ 360.25+157.7¢ 235.64+£122.94 369.83£202.2° X
Pi 37487419767 Vg 427.00£17.5% 460.75+39.7° e
Pps 6.80458" 0P 10.0046.6° 7.5816.8¢ b
Pea 0.87£1.8% G 10.4548.5°¢ 3.9242.4° i
Hey2 1.933.4° o° 12.64+24.37 6.3£10.3® **
Cys2 7.87x6.1° 18.75£19.1¢ 42743.0° 12.75£7.2% bl
Abu 11.20£5.9° 31.17428.2° 18.91417.9% 16.33£8.7* o
Om 56.004£29,7%® 42.90422.9% 71.82£32.1* 34.00421.7° e
Leu 187.27+55.5% 216.58+94.6° 198.55861.0% 154.50+71.9% *
Protein(g/dl) 2.6040.92° 3.39+0.61° 3274076 % 3.8140.71° **
Triglyceride(mg/dl} 127.48180.13° 190.85+67.21" 159.77480.45° 280.514124.02° A
Glucose(mg) 180.74£12067% 169.56+47.52° 212.48452.03% 245.05£81.79* i
Cu™* 0.1540.52 0.16+0.29 0.43£1.35 0.260.46 ns
Mn®* 3.76+3.69 3.7143.35 2763255 4224390 ng
p 18.62432.66 §.20423.50 16.25422.20 14.60+26.93 ns
8 $54 46%170.77 576.90+89.94 $52.75+70.75 477.73£162.14 ns
MNa* 2393.734835.89 2658.15£544.01 2277.27£793.15  2070.964812.92 ns
Ca¥ 143.63229.30° 168.99+33.80% 173.58434.20 1972127301 *
K* 247 09+80.99* 199.00£40.45"° 209.05460.37° 222.08+65.82% *
Mg 356.34+116.65° 321.97£70.75° 235.004£127.56%  234.81461.28" **
- 3950.24+454.52" 3851.63+542.5% 370604£526.36™  3606.354395.89° *
Osmolarity 340.50:+52.51 342.33439.08 337.64£39.70 3341745242 s
(mOsm) -

Remark

‘ns = Non-significant different
* = Significant different
** = Highly significant different
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Table 2 —The organic and inorganic elements measured in the fish plasma species are represented in
average for control and whole infestation period of common carp, nile tilapia, giant waiking catfish and
striped catfish. The elements are organized into some groups depending on the significant and non-
significant differences and concentration order. The number of samples used for N represents statistic
calculations.

Organic/ Adult Sshes

Inorganic elements Common carp®  Common carp Sig. Nile tilapia” Nile tilapia Sig.

Amino acids (umol/t)

Aad 55+68° 1317 £ 7.6° e 133123 81 X129 ns
Abu 10.0+22° 8.11 £3.3* * 333x2.1 977141 ns
Bala ] 0 ns 4] 0 ns
Hyl G 022404 ns 133423 0.67 0.7 ns
Cysta 1.0+20 0.6710.6 ns 0 378£65 ns
Pea 1.0£20 4.00 £ 6.1 ns 16T£29 311240 ns
Hey2/Gaba 20240 16.11 £ 262 ns 1358 Litx1.9 ns
Pps 15425 ] ns 333+£02 i5.89£226 ns
Mhis3 925456 508137 ns 9.0+44 477145 ns
Cys2 9503535 828135 ns 133412 10224154 ns
Hyp 14.5 £ 1.7 972+84 ns 1233+ 119 26560124 ns
Etn 1625+ 117 542494 ns 3.67 £16.7 622+54 ns
Mhis] i7.25+£238 85+76 ns 367112 20£1.9 ns
Cit 36.75£9.6 3003+59 ns 367+25"° 28.22 £33.0°
Tyr 720+ 181 5389+16.15 s f233£99 7556+£270  nms
Om 7454262 7394 +1.1 ns 210£99 3311 +168 ns
Met 82.25429.1 59.19 £20.4 ns 2767+ 147 27.11£52 ns
His 830614 9478 £ 12.0 ns 63.3£240 6333118 ns
Phe 87.75+13.2 8236159 ns 0= 164 78.0+7.2 ns
Ile 120.25 £ 26.3 104.42 £24.4 ns MHeT7+46 5944 + 6.6 ns
Ser 1311.75£37.0 12381 £11.7 ns T8.67£48.05 11022 £31.0 ns
Arg 182.0£49.1 152.67%£25.6 ns TO6T £ 1308 135.22x7t.1  ns
Asx 192.25 £ 166.3 15431 £329 ns 1i1933+708 13544 3425  ns
Glx 197.25£43.0 171.08 £54.3 ns 81.0£259 9678 £31.1 ns
Lys 201.0 4 147.3 19217 £17.5 ns R20£ 1526 197.67£93.1 s
Val 23454382 196,39 £ 37.4 ns 31.0£139 11789 +£25.7 ns
Leu 253254472 246.64 £65.6 ns 1833 +£17.62 12633 £241 ns
Tau 3260782 20378 +1249 ns 246.0 £ 266.9 169.67+768 ns
Thr 331.0 £ 1483 22244+ 11002 ns 5367+ 13.6 G444 £2583 ns
Gly 3380zx 321 38345+ 473 ns 2287 #1097 3136721211 ns
Pi 345.5+£2304 25594£2249 ns 170.33 £ 295.03 211.78 £2353 ns
Pro 41525+£946 41008 £1286 ns 73674421 6778 £359 ns
Ala 53775+ 546 502.69 £ 84.8 ns J24A7E£62.1 27533858 ns
Protein(g/di) 393+1.1 2.99 £0.29 ns 18608 3234027 ns
Glucose(mg%) 24817 £ 83.7 25143 +£3149 ns 071074 14569 18.19 ns
Triglyceride{mg/di) 3475941206 181.16 £ 18.06 =ns 286.7 £ 33.9° 183.17 £ 32.33° #+
Inorganic elements {mg/)

Cu” 033 £0.49 0.07 £ 0.07 ns D27 +0.46 0084014 ns
P 0.53 £0.46 0.48 £0.42 ns 1232107 4784029 ns
Mn™ 3163140 0.58 £ 0.07 ns 723444 0549011 ns
K* 160.27+33.8 L7TLAT £158.73 ns 1R3.80£70.82 21417 +4.05 ns

Mg™ 254,17+ 1021 3291 £47.15 ns 19150 43510 28121 £22.317
Ca™ 27173+ 129.7 151.5 £2622  ns 17397 £219 182.09£12.41 ns
S 632.30+£179.3 52499 £29.00 ns 3316021014 67827 £3291 ns

Na* 271357 £479.8 21902 £438.73  ns §3493 £ 37812 262518 £593.6 ns
r 38042311250 35725416735 ns 195213 £ 4841 4545.1 £ 86.8] ng

Osmolality 33533 £ 673 33322 +15.55 ns B30£T12 36522 £2532 ns

{mOCsm)

Remark : The value in the same row that have a different superscript alphabet are significantly different

ns
"

Non-significant different {# > 0.05}

Significant different (P < 0.05)

Highly significant different (# <0.01)

¥ = Controi values express measurements from Uthaiwan ¢t al. (submitted)

BoUon

LE]
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Table 2 — {continued}

Organic/ Adult fishes
Inorganic elements  Giant walking catfish ¥ Giant walking  Sig. Striped catfish” Striped catfish Sig.
calfish

Amino acids {umol/l)
Abu 9.67+2.1"° 37.56 £31.90 o+ 166+£7.1° 24267 ¥
fle 973+16.2° 137.56 +36.4° e 1016124 10997 £ 145 ns
Aad 257.33 + 136.65 ° 35311 £83.5% #+ 82%77 231£26 ns
Gly Ti7.33£1981° 4420 £250.7° 358811173 28361111 ns
Hey2/Gaba 0 0 22%25 073+13 =ns
Hyl 067512 0.22 £0.38 ns 0 ¢ ns
Pea 133423 567187 ns 0 1.67£2.89 ns
Mhis| 20= 1.7 [.33£1.2 ns 54+%06 347+1.7 ns
Mhis3 40£53 289+ 14 ng 90+ 152 1778 £ 80 ns
Bala 667116 222410 ns 0 ¢ ns
Cit 8.33£58 78920 ns 7.0+4.0 . 6.22+£1.35 ns
Etn 9.67+2.1 322456 ns 3t.6+£344 10334182 ns
Pps 130+ 56 77448 ns 66132 - 6.56+£59 ns
Cys2 1474 6.5 16.89 £ 10.8 ns 64+3.7 547425 ns
Hyp 350%95 21.22 187 ns 392+214 3429 7.5 ns
Orm 40.67 £ 16.1 39.67 £ 143 ns 804 +153° 75914293 ns
Cysta 44.67 £ 208 55.11£29.7 ns 318+38° 1919 ns
His o 4733%4%3 3044 £177 ns 96.4£29.5 63.91 £31.3 ns
Pro 57.67+235 2878 +28.8 ns 8642229 4346 £ 122 ns
Phe 71.33+£49 T0.78 £33 ns 69.6+23.2 5687 +13.9 ns
Met 80.33+18.9 71.78 £ 9.4 ns 346+61° 27005670 *#
Tyr 100.0 £ 6.1 71894253 ns §T8+132 4971 +151 us
Glx 1220£17.5 135.22 +40.8 ns 5761236 6042 +£1706 ns
Thr 136.67 £29.8 131.33£698 ns 698 £17.1 5771 £12.9 us
Asx 1450+ 7.0 11944 £42.3 ns 590+ 160 72.784+272 ns
Val 14767+ 315 169.78 £19.4 ns 1458 +£22.1 15316 263 ns
Arg 162.0 +26.23 8333 +81.1 ns 99.80 £ 24.1 6661288 ns
Ser 1680+ 355 11722 4555 ns 746+ 189 574241906 ns
Leu IB1.0£26.5 238.0+49.9 ns 179.6 £242 i88.2£224 s
Lys 26533£3713 184.56 £83.1 ns 2044 £437 17724 £51.7 ns
Ala 306.67£13.3 263.89%69.5 ns 23861 58.5 1974242431 ns
Tau 4280+ 137.9 2828911418 ns 2464 £69.3 197.24 895 =us
Pi 45167489 25811 £2582 =g 475.0+£63.34 29722 £259.0 ns
Protein(g/dl} 37703 318040 s 1.67£0.9 2.88+01 ns
Glucose(mg¥) 25270+ 113.6 202.26 £22.31 ns 22227 +65.1 1510 £4.19 ns
Triglyceride(mg/dl) 106,60 £89*® 64.99£14.93* ** 138116+ 38.1° 208.13 + 16,967 **

Inorganic elements (mg/g)

Cu* ] 0.06 £0.05 ns 043 +068 G ns
P 0.84£0.74 0.41 £0.36 ns 0 0 ns
Ma™ 3.73£43 0.56 £ 0.29 ns 227432 037017 ns
Ca™ 182.07 £ 57 17552 £2055 ns  161.07+£234 139106 s
Mg"™ 256.0 £ 60.9 24751 +4463 ns 24657+ 379 35092+ 716 ns
K 264.77 £50.5 240.94 +5.23 ns 273451304 24726 £29.85 ns
5 400.07 £25.5° 494531 £56.99° ¢ 346974 16.6° F47.31 220110+
Na’ 24032 £4753 2618.33+4851  ns  1564.03+1118.3 2338.54331.2 ns
cr 3486.93 +2060.7 353321+ 13516 ns 3i72.10%137.5° 3693.1 + 54.68* **
Osmolality 332674506 34689 +2547 s 30367+ 11.71 31533 %2359 ns
{mOsm)

Remark : The value in the same row that have a different superscript alphabet are significantly different
Non-significant different (P> 0.05)

Significant different (P < .05}

Highly significant different {P < 0.01)

# = Contro} vaiues express measurements from Uthaiwan et al, (submitted)

ns
*

o4 i

L2



