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Abstract

Several organic and inorganic sources:from the plasma of different fish species and horse
serum were utilized as additives to:the artificial culturc M199 medium to improve glochidial
survival and transformation of Hyr:opsw myersiana. After 23 days of culturing in the medium
containing plasma of Nile tilapia or hybrid catfish, striped catfish or horse serum, the glochidia
presented significantly (P <.0.05). lower percentage survival compared to medium containing
common carp plasma. The highest (93.77 + 3.0) and lowest (32.42 + 5.85) percentage survival
rates of glochidia were found with common carp and striped catfish plasma, respectively. After 10
days, relevant signs‘of glochidia transformation, such as the foot and mantle edge, were observed.
In all assays, the: glochzdla transformation reached 100% most probably due to the exchange of the
medium at the fifth day and the addition of 1 ml of distilled water at the ninth day of culturing.
The intense mobility of juveniles in the medium containing the common carp plasma indicated
excellent culture conditions. The ideal density for this plasma corresponded to 150-200 glochidia
per culture dish.

- The present results suggest that M119 medium complemented with the common carp plasma
and the medium exchange during culturing period may constitute a functional process to prepare
an in vitro culture for freshwater mussels, particularly H. myersiana. The most relevant amino
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acids for a successful development are CIT, GLX, LEU, PRO, THR and ALA particularly with
the contents in the common carp plasma. © 2001 Published by Elsevier Science B.V.

Keywords: Glochidia; In vitro culture; Plastna sources; Hyriopsis myersiana

1. Introduction

Hyriopsis myersiana is a freshwater pearl mussel of Thailand. This mussel has a large
size and a lustrous nacreous shell that can be utilized for various purposes. The native
people have used it as food for domestic animals, as fish bait and in Thai cuisine such as
mussel sced and thickened with coconut milk, roasted or smoke dried, fried insalt, chili
and pepper, etc. The shell can be used for buttons, cooking utensils, handicraft
souvenirs, ornaments for inlaying pearl fumniture, and nuclei for the cultured pearls
industry. Generally, the larval stage of the glochidium needs a parasitic stage (glochidio-
sis) on fish or some amphibians before transformation to the " early “juvenile stage
(Lefevre and Curtis, 1910; Seshaiya, 1941; D’Eliscu, 1972; Walker, 1981; Kraemer and
Swanson, 1985; Watters and O’Dee, 1998; Haag and Warren, 1999). This natural
process involves many steps ﬁmctmmng as selective ﬁlters In-effect, a gravid female
factors may contribute to the death of glochidia and: juvemle forms, for example the
discharge process of the female and stress due 1o the fish infestation phenomenon, An
additional factor is the vulnerability of these stages to threats by several predators,
mainly fish. For these reasons, there is low. _]uve_n;le productlon in pature, decreased still
more by the infection with bacteria, protozoa and fungi in the water, mainly in the
bottom mud. A further problem for the survival of some glochidia is finding of a
specific host because the fish Infestatzon féquires physiological adaptations (Yeager and
Saylor, 1995). The alternative,:controlled mussel culture in tanks, tends to mimic the
natural conditions, namely ithe: host specificity, with the objective of increasing the
juvenile production. However, many problems concerning the water quality and fish
infestation still remain unsolved. In effect, even these controlled procedures are not
enough to restore the mussel population in some altered ecosystems. Therefore, the use
of sterilized artificial medium for culturing glochidia became pertinent to increase the
mussel prodiction. “Tii fact, Isom and Hudson (1982, 1984a,b) and Keller and Zam
(1990) developed methods for glochidia transformation in artificial medium with high
percentage. survival by in vitro culture. Uthaiwan et al. (2001) improved this method
introducing organic and morganic sources of fish plasma as suitable additives to
artificial medium to increase the survival of glochidia and transformation to the juvenile
stage..

Host fishes required by many unionid species are unknown yet critical for the
management and protection of this resource (Howells, 1997), This is the case of the
freshwater mussel H. myersigna living on the muddy sand bottom at 2-5 m depth, in
the slow running water of Kwae Noi River in the Center of Thailand (Nagachinta et al.,
1986; Panha, 1990; Chaopaknam et al., 1994). During October—May, glochidia of H.
myersiana are obligatory ectoparasiles of different fish species: Cyprinus carpio,
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Oreochromis niloticus, Pangasius pangasius, etc. (Nagachinta and Sahassanon, 1987;
Arayawatanavij et al,, 1992; Panha, 1992). In the present work and in general, the
artificial propagation of many freshwater mussel species that utilize unknown hosts has
not been possible. This means that finding a suitable host is the most problematic step in
the mussel’s life cycle (Jokela and Palokangas, 1993; Kirk and Layzer, 1997). In host
and nonhost fish, humoral and cell-mediated responses of the immune system occur
including the presence of specific antibodies to the parasites {(glochidia) (Bauer and
Vogel, 1987; Kirk and Layzer, 1997). Thus, host specificity of freshwater mussels is
believed to have an immunological basis (Reuling, 1919; Arey, 1932; Meyers et al.,
1980). It is probable that additional specific factors in the medium composition, such as
the content of ion elements, free amino acids, enzymes or other organic elements may
be determinants.

In this context, it seems 1mportant to find suitable fish plasma and 1dea1 densuy of
glochidia per culture dish. In the present work, extracted plasma from-four fish- species
was added to the artificial medium with antibiotic and antimycotic agents to study the
effect of host specificity for improving the survival and transformahon ‘percentages of
glochidia H. myersiana.  E

2. Materials and methods :,;j‘ 335,;;,

This study of glochidia culture in artificial . medla was d1v1ded into two steps. The
first step was to try and find suitable organic ‘and i ‘norganic sources for better survival
and transformation rates. Glochidia culture' méthod was introduced by Isom and Hudson
{1982, 1984a,b) and modified by Keller and Zam (1990) and Uthaiwan et al. (2001). In
the present experiment, a mixture of M199 powder (Life Technologies, No 7INQO262)
with different plasma sources from. four fish species and horse serum and antibiotics
(carbenicillin, gentamycin sulfate and rifamn)/antimycotic (amphotericin B) were used
according to Keller and Zam (1990) and Uthaiwan et al. {2001). The common carp C.
carpio (Linnaeus, 1758),:Nile:tilapia O. niloticus (Linnaeus, 1758), hybrid catfish
(Clarias macrocephalus >< C’ gartenus) and Stnped catfish P. pangasius (Hora, 1923)

respectively. G_loc_:_ludla‘ were culturcd in ussue cuIture dlshes (60 X 15 mm). Each
culture dish contained 2 mi of M199, 1 ml of horse serum or fish plasma and 0.5 ml of
antibiotic/ antxmycotlc agents as described 1 in Isom (1987) Gravid mussels With con-
the giochldla for culturing is the periodic opening and closing of their shells as observed
under a light microscope ( X400). After this, the glochidia were petted using a sterilized
1-ml syringe with 18-gauge needle and cleaned with sterilized distilled water several
times to eradicate tissue residues, mucus and glochidia shell fragments. When all
residues were removed, 50-100 glochidia were added to the artificial medium under
sterile conditions. All glochidia culture dishes were placed in a low-temperature
incubator at 23 + 2 °C with constant supply of 5% CO, and room air humidity during a
period of 10 days. The culture medium was exchanged at the fifth day of culturing and 1
ml sterile distilled water per culture dish was added at the ninth day to improve
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transformation and survival conditions. Then, at the first step, the percentages of
glochidia survival after 2—3 days and glochidia transformation to the juvenile stage after
10 days were determined under the light microscope (X 400). In this study, five medium
and 15 replications per medium were investigated using a completely randomized
design.

The second step consisted of an assay of different densities (glochidia number per
culture dish) in the artificial medium. The plasma with better organic and inorganic
source was selected from step 1 and added to arificial medium for the glochidia culture.
The culture method was the same as in step 1 for five densities of glochidia number,
namely 50-100, 150-200, 250--300, 350-400 and 450-500. Completely randomized
design with five groups of different glochidia numbers and five rephcaimns per each
were utilized.

The major organic and inorganic elements present in the fish plasma and‘gh_orse serum
were analyzed to establish the most determinant components in the glochidia culture
medium. Forty-one free amino acids were analyzed by ion-exchange chromatography in
a ninhydrin-based detection automatic system, using a standard fiveslithium-buffer
system (LMB 4151 Alpha Plus® Amino Acid Analyzer) designed for ":pl'iYSiologicaI fluid
analysis, with L-norleucine as internal standard. The absorbances were read at 570 and
440 nm to allow hydroxyproline and proline quantification. Protein measurements were
accomplished with biuret method (Henry and Berkman; 1957), triglyceride with enzy-
matic method (Koditscheck and Umbreit, 1969), glucose with enzymatic method
(Trinder, 1969) and ions (Ca?*, Cu®*, Mg?*, Mn?*, Na*, K*, S and C17) by using a
high-performance energy dispersive X-ray . ﬂuorescence spectrometer (Oxford ED*%
model) and also the osmolality using a freezing point osmometer (SLAMED 800ci
model). Osmolality, protein, amino acid, glucose, triglyceride and ion elements were
analysed in the plasma of four fish species from step 1, with three samples per species,
and in six horse serum samples; The fish plasma percentage in all samples was also
determined by the mrcrohaematacnt method with three replications per sample.

A preliminary study of gmwmg juvemles from a 10-day period to 2 months was also
undertaken to test the relative survival resistance depending on different plasma treat-
ments. Then, after compiete transformation during a 10-day period at steps 1 and 2,
juveniles and medium were removed from the treatment dish to a beaker and the total
medium volume was dﬂuted with sterilized dechlorinated water in a ratic of 1:1. This

Table 1.
Range and dvcrage percentage plasma of C. carpio (Linnaeus, [758), O. niloticus (Linnaeus, 1758), C
macrocephalus X C. garienus and P. pangasius (Hora, 1923)

Fish. Percentage plasma

Range Mean (8.0}
Commeon carp 6272 69.17° (3.76)
Nile titapia 65-73 69.83° (2.93)
Hybrid catfish 75-85 79.17° {4.58)
Striped catfish 64-82 72.79° (5.98)

The values in the same column that have different superscripts are significantly different (£ < 0.05).
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Table 2

Range and average percentage survival after 2nd—3rd days and transformation at 10th day of H. (Limnoscapha)
myersiana glochidia in artificial medium with five different organic and inorgatic sources. Bach treatment had
15 replications with a glochidia number 50—100 per tissue culture dish

Organic and inorganic Percentage survival Percentage
sources Range Mean (S.D) transformation
Common carp 88.14~98.56 93.77¢ 3.0 100

Nile tilapia 74.21-96.79 84.47% (7.35) 100

Hybrid catfish 79.13-91.36 83.81° (4.68) 160

Striped catfish 25.05-39.07 32.424 (5.85) 100

Horse serum 38.03-54.84 43.16° (6.83) 100

The values in the same column that have different superscripts are significantly different (£ < 0.05). B

diluted medium was changed twice during 2 days substituting half the volume with the
equivalent volume of sterilized distilled water. Finally, these juveniles were fed during 2
months with a mixture of four phytoplankton species: Chlamydomonas sp., Mono-
raphidium sp., Chlorella sp., Navicula sp. These algae were collécted from a purified
stock and mixed in a beaker with sterilized distilled water until a slightly green colour
was obtained. This algae mixture was added daily to the juveniles in the ratio of 1:1
after rejecting half of the medium volume. During the algae feeding period, the total
volume was slowly increased to 300 ml. The main OBjecfive of this operation was to
gradually adapt the juveniles from culture medlum to an algae dzet The aigae were
according to Uthaiwan et al. (submitted fcr pubhcatmn)

The morphology of glochidia transformation and the mobility of juvenile were
closely observed under a light rmcmscope to detect relevant alterations of the mantle
edge, foot and gill formation and body-shell increase. The observation methodology.
under a light microscope was s‘imilér to that used by Uthaiwan et al (2001).
glochidia survival and _transformatlon percentages, the organic—inorganic content and
osmolality were analyzed with ANOVA and Duncan New’s Multiple Range Test.

Table 3

Range and average percentage survival after 2nd-3rd days and transformation at [Gth day of H. (Limnoscapha)
myersigna. glochidia in artificial medium with different deusity of glochidia extracted from the same gravid
female. Fach treatment had five replications

Density of Percentage survival Percentage

glochidia Range Mean (5.2 transformation
50-100 87.14-92.47 90.29° (2.55) 106

150-200 85.29-97.96 92.39° (3.78) 160

250-300 82.72-96.04 S0.91° (5.97) 100

350-400 75.32-95.62 88.74 (.79 100

450500 68.04--83.88 78.21° (8.83) 100

The values in the same column that have different superscripts are significantly different (£ < 0.01).
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3. Results

The fish plasma for different culture medium experiments was extracted from the
adult stage. The minimum percentage average of 69.17 + 3.76 was determined in
common carp plasma and did not differ significantly from that of tilapia and striped
catfish (Table 1). On the other hand, the maximum average of the plasma percentage
collected from hybrid catfish was significantly higher (£ < 0.05) and equal to 79.17 +
4.58.

The glochidia H. myersiana presented the highest significant survival percentage
(93.77 £ 3.0) after 2-3 days of culturing in artificial medium with common ‘carp
plasma. An exception, with non-significant difference, occurred in culture medium. with
Nile tilapia plasma (Table 2). The transformation with 100% success was Ubserved in
Juvenile stage afier 10 days for all treatments,

The glochidia culture of H. myersiana in different density levels of art1ﬁc1al medmm
was tested with common carp plasma as its survival percentage showed ‘the highest
values. The density level of 150200 glochidia per 3.5 ml of artificial medium after 2—3
days presented the significant (P < 0.05) highest percentage (92:39 +3.78) (Table 3).
The transformation percentage from glochidia to juvenile stage aﬁer 10 days was 100%
in all density levels,.
from four species. These amino acids were distributed among four distinct groups based
on contents and significant differences (P < 0.05 or P <0.01) of common carp plasma
when compared to the other sources. The first group consisted of those that had the
lowest concentrations of amino acids between 0 and 44.67 pmol /1 (ANS—CYSTA) with
significant random difference. The second group represents higher concentrations, from
50 to 737 pmol/1 (ORN-GLY) also.with significant random difference. The third
group comprises the lowest and hxghest concentrations between 0 and 497 umol /1
(BALA-LYS) with non-significant differences. The fourth group concerns the most
relevant meaning amino .acids: with the significant (P <0.01) lowest and highest
concentrations between 7.0.and: 537.75 wmol /1 (CIT-ALA).

The protein, triglyceride and glucose elements in four distinct plasma showed a
significant difference (:P < 0.05 or P < 0.01) when compared to the horse serum, except
for the tniglyceride content in hybrid caifish plasma. The morganic elemeni analyses
showed non-significant difference (P > 0.05) for the osmolality and Cu®*, Mn?*, Ca®*,
Mg®* and Na* concentrations. On the contrary, the K*, S and CI™ in common carp
plasma.-were significantly different (P < 0.05) when compared to those in other treat-
ments, except C1™ in Nile tilapia.

4, Discussion and conclusion

Several studies on host specificity for the glochidia were accomplished for different
species of glochidia showing some relevant dependence on their fish species hosts
(Fuller, 1974; Meyers and Millemann, 1977; Waller et al., 1985; Weaver et al., 1991;
Gordon et al.,, 1994; Yeager and Saylor, 1995). The intensity of infestation (number of
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glochidia per infested fish) with Lampsilis radiata glochidia showed the highest values
for the small sizes of yellow perch (Tedla and Fernando, 1969). Experimental results
from Arayawatanavij et al. {1992) indicated that the percentage of fish infested with
glochidia of H. myersiana was 100, 100, 90 and 10 for Nile tilapia, striped catfish,
common carp and common silver barb, respectively. These results suggested that in the
natural process of glochidia development, the nutrient uptake from the fish blood might
represent a determinant factor besides the immunological reactions.

Keller and Zam (1990) cultured glochidia Anodonta imbecillis with a high transfor-
mation percentage (81.8%), but in a complex artificial medium from Isom and Hudson
(1982) mixed with fish plasma. Alternatively, Keller and Zam (1990) improved: the
glochidia culturing by another simple medium (M199) mixed with horse serum,
although decreasing the transformation percentage to 65.4%. Further work was carried
out by Uthaiwan et al. (2001) with glochidia H. myersiana culture in a simple‘M199
medium mixed with fish plasma. This represented a more simple and efficient methodol-
ogy, since it could obtain a higher percentage survival (85. 32%) and transformatlon
(84.28%).

The present investigation aimed to study specific effects. caused by the plasma of
different fish species using the method by Uthaiwan et:ali (2001). As a general
observation, we found that the critical period for glochidia sutviyval occurred during a 2-
to 3-day period afler incubation. Thus, the survival perééﬁtage under different conditions
had similar survival perccntages when compared to thOSe by Uthaiwan et al. (2001).
However, the survival perceniage was now higher (93.77 + 3.0) with common carp
plasma than with other treatments. It is relevant to note that the juvenile from common
carp plasma incubation exhibited intense movements by foot. This suggests a great
improvement when compared with the Nlle tilapia assay by Uthaiwan et al. (2001). The
percentage transformation of 100%, in ‘all treatments after the 10th day, was also
significantly higher than in the experiments of Keller and Zam (1990} and Uthaiwan et
al. (2001). In the present assays, the change of the culture medium, at the fifth and ninth
day of incubation may. constifute an important factor for inducing the high transforma»
100% in this experim_em \mth Nile tilapia plasma, whereas it was only 84.28% in the
work by Uthaiwan et al, (2001), Thus, the present study suggests that the survival of
glochidia depended ‘mainly on the plasma specificity, whereas the transformation to
juvenile on better sterile conditions. Supporting the plasma specificity are still the
preliminary .observations with the juvenile rearing with algae diet during 2 months. In
fact, the juveniles cultured with common carp plasma could survive 2 months, whereas
those with Nile tilapia and hybrid catfish plasma yielded only 1 month, horse serum 23
weeks and striped catfish plasma 1-2 weeks.

Concerning the composition of organic sources added to the medium, the present
results suggest that amino acids may be very determinant elements for high survival
rates of glochidia. In effect, the fourth group in Table 4 has LEU, PRO, THR, ALA
added by CIT, GLX with higher significant concentration in common carp if compared
to other all or only fish treatments, respectively. Significant differences also oceurred for
the inorganic elements namely K*, § and Cl™, Perhaps, the content of these amino acids
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and ions with common carp plasma incubation are close to the optimum values if it is
considered that maximum percentage survival was almost reached (93.77 + 3.0). On the
contrary, the plasma from striped catfish induced low percentage survival possibly due
to its lowest organic content in the fourth group. Curiously, the amino acids mentioned
are well represented in the composition of organic fluids of Anodonta cygnea and Unio
ctorum (Moura et al., 1995, 2000). Thus, the results indicated that the high specificity
for the plasma of the common carp might be related to the requirement of these amino
acids for the development of glochidia. The non-significant difference in the contents of
13 free amino acids in the third group (BALA-LYS) measured in all organic sources
(Table 4) suggested that its average content is essential to support the common basic
conditions for the glochidia survival. It is also possible that the osmolality and inorganic
components such as Cu**, Mn**, Ca’*, Mg®* and Na’*may play the same role. The
free amino acids shown in the first group lowest (ANS-CYSTA) and sécond group
highest (ORN-GLY) concentrations as well as proteins, glucose and triglyceride at the
significant random contents (Table 4) secem to indicate no plasma specificity. In fact, it
is relevant to note that some organic elements in the plasma from ‘cormmon carp (first
and second groups) are not significantly different from those of striped catfish. Both
groups of free amino acids may only express a range of low ‘and high values within
survival is possible. The presence of some free amino acids (first, second and third
groups) in orgamc ﬂmds of A cygnea and U. ctorum measured by Moura et al. ( 1995

non-significant difference (P > 0.05), among'”SO IOO 150-200, 250 300 and 350 400
gloch1d13/3 5 mil densmes Thus, to make the glochidia culture of H. myersiana more
assay by Keﬂer and Zam (1990) (50() 1000 glochidia/3.5 ml) and higher than in
experiment by Uthaiwan et al.{2001) (50-100 glochidia).

The present investigation. about ‘plasma volume percentages of four fish species
showed that hybrid catﬁsh had the highest mgmﬁcant value (79 17 + 4.58), even higher
compensate its smailer,plasma volume and thus maintain the same profitability.

On the basis of these results, we propose the addition of common carp plasma to
artificial medium M199 as a standard source of organic and inorganic components for in
vitro culture of glochidia H. myersiana. However, depending on glochidia species, its
successful culture may require plasma of different fish species.
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