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ABSTRACT : We examined the effects of the vibration stress on cortisol secretion and hematological characteritics in
soft-shelled turtle, Pelodiscus sinensis. For the stressed group vibration of 45~78 dB(V) from eectric vibrator applied for
30 min with 2-h intervals during daytime (08:00~ 18:00) up to 28 days. Using the blood samples collected from ten turtles
held once a week after vibration stress, we measured hematocrit, hemoglobin, red blood cells, cortisol, glucose, lactic acid,
osmoldity, Na', K*, Cl ', aspartate aminotransferase (AST), and aanine aminotransferase (ALT). The results have showed
that P. sinensis received vibration stress exhibit the ‘typica’ stress-induced physiologica responses (cortisol, glucose, lactic
acid, osmoalality, ions, hematocrit and hemoglobin) induced by vibration stress. Our data suggested that chronic vibration
stress caused substantial stress in the animal, and in particular, the perssting elevated levels of AST and ALT would be
highly correlated with the adverse effects of the stress. The high hematological characteritics during entire experimenta
period showed that the P. sinensis could not adapt to chronic stimuli provoked by vibration stress.
Key words : Soft-shelled turtle, Pelodiscus sinensis, Vibration stress, Hematological characteristic, Cortisol.

INTRODUCTION

The soft-shelled turtle, Pelodiscus sinendsis is a reptile
that belongs to the order Testudinata, and members of the
family Trionychidee are frequently used as medicines,
gourmet and hedlth foods in Korea and China. In its naturd
stting, this animal is an omnivore and eats weter plants,
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insects, and smdl fish. It is nocturnal and its habitats
include rivers, ponds, swamps, and water reservoirs with
sandy mud (Kim, 1998). Its natural habitat and spawning
grounds are being destroyed in Korea due to urbanization
and particularly by gravel removad. Industrid and residentid
wastewater further reduces its available habitat. In the
1990's, its population was increased by seedling production
and aguaculture. In a natural setting the P. sinensis is a
secretive anima and very sensitive to noise and vibration
(Lee et d., 2007). The P. sinensis farms are best located
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where the reptile is unlikely to be affected by environ-
mental stresses; however, some are exposured to noise and
vibration.

Reports have been issued on the hatching, seedling
production, and rearing of baby P. sinenss (Kim, 1998)
and on stress response comparison after vitamin C and E
ingestion (Zhou et a., 2004). Investigations of response to
stress have been mainly conducted on hormone secretion
due to handling and capture (Gregory et d., 1996; Cash et
a., 1997; Mahmoud & Licht, 1997, Gregory & Schmid,
2001; Jessop et d., 2002). However, data on the response
of P. gnenss to environmenta stresses are rare, and in
particular no reference data is available on physiologica
response in terms of blood components.

In the present study, we examined the effects of the
vibration gress on cortisol and hemetologica characterigtics
in P. sinends, which it is likely to be exposed to during
the farming process.

MATERIALS AND METHODS

Experimental animals were 3~4 year-old P. sinensis
with a 16.8+1.8 cm carapace length and average weight
0.7+0.2 kg. They were purchased from a farm and habituated
in alab aguarium tank for 2 weeks before use in the study.
The P. sinensis in stressed group (n=20) were placed in a
tank (2 ton, FRP, raceway style), and an dectric vibrator
was dtached to one end dide of tank outer. For the
stressed group vibration of 45~78 dB(V) from dectric
vibrator gpplied for 30 min with 2-h intervals during
daytime (08:00~ 18:00) up to 28 days. In order to exclude
other dtresses than vibration, without other disturbances,
and the water temperature was automatically regulated at
25T using a temperature control system. The P. sinensis
in the non stressed group (N=20) were maintained under
the same environmental conditions excluding vibration for
28 days.

Blood was sampled during 1 min without anesthesia
from the neck blood vessel complex using heparinized
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syringes a day O (before sart of the experiment, BE), 7,
14, 21, and 28 days after vibration stress.

Hemetocrit, red blood cdls, and hemoglobin were andyzed
immediately using an automatic blood anayzer (Excell
500, USA). Blood samples were kept in 2-m{ vacuum
containers trested with sodium fluoride/potassium oxaae
(Vacutainer, UK) and in 1.5-m¢ polypropylene microcentrifuge
tubes held on ice for less than 5 min before centrifugation
a 5,600 g for 5 min. Plasma was then collected and stored
in a deep freezer (CLN-500 UW Nihon Freezer; Nihon
Co., Jgpan) a —70C until andysis.

Plasma cortisol concentrations were determined in 50-10
samples using radioimmunoassay kits (Coat-A-Count TKCO
Cortisol RIA Kit; DPC, USA). Mixtures of samples in 100
m¢, of antiserum were incubated for 45 min at 37°C, and
then 1,000 m¢ of separation reagent was added. The
mixtures were placed in a refrigerator at 4C for 15 min,
then centrifuged a 1,200 g for 15 min. The supernatant
was assayed for gamma radiation usng an automatic
gamma counter (Cobra II ; Packard Co., USA). Glucose,
lactic acid, AST (aspartate aminotrandferase), ALT (alanine
aminotransferase), Na', K*, Cl, and totd protein were
andyzed using an automatic chemistry andyzer (Hitachi
7180, Hitachi, Japan). Osmoladity was determined using a
micro-osmometer (Fiske 210, Fiske, USA).

Experiment was performed in triplicate and results are
reported as meanstSD (n=4) unless otherwise dated. Data
were andyzed by a one-way ANOVA in the SPSS (Statisti-
cal Package for Socid Sciences) dtatigtical package. Means
were separated by usng Duncan's multiple range test and
were considered sgnificantly different if P<0.05.

RESULTS AND DISCUSSION

Mogt vertehrates exhibit congpicuous physologica responses
when exposed to ecologica or environmenta dtressors
(Wingfield et d., 1998). Considerable variations in plasma
corticosterone levels can be induced by both interna and
externd factors (Cred et d., 1997; Dunlap & Wingfidd,
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1995; Mara & Hoalberton, 1998; Romero, 2002).

Variations in environmentd factors, such as temperature,
rainfal, food availability, humidity, and habitat quality, are
known to influence basd and stress-induced plasma cortico-
sterone concentrations in natural populations (Kitaysky et
d., 1999; Mara & Holberton, 1998; Wingfidd & Ramenofsky,
1999). In addition, variations in adrenocortica function
among individuas can arise due to overal body condition,
disease datus, age, sex, and socid datus (Cred et 4.,
1997; Dunlap & Wingfidd, 1995; Grassman & Hess, 1992;
Kitaysky et d., 1999; Kngpp & Moore, 1996; 1997). Thus,
corticosterone plasma profile is potentialy a vauable
hormonal index of dress and the internal and external
factors that influence the physiological functioning of
animals a the individual and population level.

In this study, the before-stress (basal) cortisol found in
this study (3.7 ng/m¢) was lower than the values reported
previoudy for the P. sinensis (Zuou et d., 2004), but its
was smilar to the vaues found aso by other authors work-
ing with red-eared dider turtles, Trachemys scripta (Cash
et d., 1997), ridey seaturtles, Lepidochelys kenpii (Gregory
& Schmid, 2001), and green turtles, Chelonia mydas (Jessop
et d., 2002).

Plasma cortisol and glucose concentration in the stressed
group increased sgnificantly (P<0.05) during the experiment
period (Fig. 1). Cortisol and glucose a equivalent days
from 7 to 28 days were significantly affected by vibration
stress.

Cortisol and glucose were found to incresse in a stress
dependent manner. Barton & Iwama (1991) reported that
these increases are the result of metabolic responses and
that glucose is produced as a result of gluconeogenesis due
to the action of cortisol produced in response to stress.
Since we found increased levels of plasma factors in our
study, we conclude that stressed and non-stressed were
stressed.

Long-term studies on chronic physiologic responses to
vibration are rare. Some short-term studies have reported
increased cortisol levels related to stress in turtles. This
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Fig. 1. Effects of the vibration stress on plasma cortisol and
glucose levers of soft-shelled turtle, P. Snensis. Vaues
ae means £ SD (n=4) for experiments run on two occasions.
Shared dphabetic letters on shaded bars indicate lack of
significant difference (Duncan’s multiple range test P>
0.05). * P<0.05 indicates significance between low and
high densities at that time point.

increased was reported to be due to capture in sea turtles,
Caretta caretta (Gergory et a., 1996), red-eared dider
turtles (Cash et d., 1997), green turtles (Jessop et d., 2002),
and hawkshill turtles, Eretmochelys imbricata (Jessop et
a., 2004). However, we believe that long-term exposure to
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vibration affects the animals more serioudy than capture,
as cortisol levels remained high for 28 days after stress.
Moreover, increased glucose levels were reported to be
induced by handling in sea turtles (Gregory & Schmid,
2001) and threetoed box turtles, Terrapene carolina
triunguis due to temperature increeses (Surbaum & Bergman,
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Fig. 2. Effects of the vibration stress on plasma lactic acid
and osmolality of soft-shelled turtle, P. sinenss. Vaues
ae means + D (n—4) for experiments run on two occasons,
Shared aphabetic letters on shaded bars indicate lack of
sgnificant difference (Duncan's multiple range test P>0.05).
* P<0.05 indicates significance between low and high
densities at that time point.
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1981). Thus, we believe that the high levels of cortisol and
glucose observed in soft-shelled turtles indicated that
animas were stressed.

Plasma cortisol, glucose, lactic acid and osmoldity in the
stressed group increased significantly (P<0.05) during the
experiment period (Fig. 1 and 2). Lactic acid and osmoldity
a equivdent days from 7 to 28 days were sgnificantly
affected by vibration stress.

We suggest that lactic acid levels are related to the
habitation of P. sinends. The P. sinensis is a nocturna
reptile, and it is believed that lactic acid increased because
turtles in the stressed group moved constantly, whereas
animds in the non-gressed group largely remained stationary
during the day. Lactate acid may be a result of a higher
metabolic rate due to stress and moving when compared to
stress group from non-stressed group.

The dressed group aso showed higher levels of osmoldity
and ion (Na', CI~ and K") disruption than the non-stressed
group. P. sinensis tend to maintain homeostasis, i.e., pH,
glucose, and ions and osmaldity. In generd, fish achieve
osmoregulation and respire through the gills, gastric tract,
and kidney, and maintain homeostasis by controlling water
and ion levels. The P. sinensis lives on both weater and
land, and breathes using its lungs and skin. Fish achieve
osmoregulation by absorbing ions (Na', Cl ~, and K*) from
the gadtric tract wall and discarding them through the
kidney (Kirsch & Meigter, 1982). We suggested that the P.
sinensis has a Smilar osmoregulation mechanism.

In plasma AST and ALT, the stressed group showed a
significant (P<0.05) increase a 28 days than BE (Table 1).
AST and ALT are aminotransferases that are ditributed in
liver and spleen. Levels are low when animals are hedthy
but increase when tissue necrosis is present or an animal
becomes sick. Davis & Parker (1990) reported that hemo-
dynamic indices of oxygen carrying ability are increase by
stress. In the present study, AST and ALT levels in
the stressed group were significantly eevated by chronic
vibration dtress, suggesting that vibration places physio-
logical burdens on liver and spleen. AST and ALT levels
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Table 1. Effects of the vibration stress on hematological charac-
terigics of soft-shelled turtle, P. snenss

Rearing Experimental groups
days  Non-stressed Stressed
0 1085+ 6.4 1175+ 9.
7 107.5+ 4.9 112.0+ 1.8
Na' (mEg/ () 14 109.0+ 1.4 111.8+ 4.3
21 109.0+ 2.8 106.0+ 6.9°
28 106.0+ 2.8 855+ 0.7°*
24+ 0.1 19+ 0.3°
23+ 0.2 27+ 0.2
K" (mEg/ L) 14 26+ 0.1 30t 04
21 2.9+ 0.2 2.9+ 02
28 31+ 0.7 22.1+ 0.8
76.0+ 4.2 84.5+12.0°
745+ 2.1 79.8+ 1.7°
cl (mEg/ L) 14 785+ 6.4 780+ 2.8*
21 785+ 4.9 69.8+ 6.4°
28 725+ 2.1 60.0+ 0.1%
110.7+10.6 102.3+ 5.8
1125+ 6.0 330.1+24.3°*
AST (1U/ () 14 1259+10.3 311.8+ 8.1°
21 138.4+15.3 248 5+25.0°*
28 133.7+ 6.4 559.8+98.3*
50t 1.4° 40+ 0.7°
35+ 0.7° 40+ 0.8
ALT (1U/ L) 14 6.0+ 1.4° 45+ 1.0°
21 9.8+ 25° 6.0+ 2.6°
28 51+ 1.1° 432+ 80"+
12.8+ 06 13.0+ 0.6°
_ 12,6+ 0.8 139t 1.2°
:Z;natocm 14 135+ 07 150+ 0.2
21 125+ 0.2 15.7+ 0.7
28 129+ 1.2 145+ 0.7°*
12.1+ 0.6 125+ 0.6
. 11.0+ 1.4 101+ 1.3°
g/egggmb'” 14 106+ 038 7,08 14
21 125+ 0.7 7.6+ 0.6™*
28 123+ 15 7.7+ 1.8
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Table 1. Continued

Rearing Experimental groups
days  Non-stressed Stressed
0 6.5+ 04 6.0+ 04
7 6.6+ 0.8 6.4+ 04
iefoﬁbl(;osﬂz)e” 14 55+ 0.7 6.0+ 0.6
21 6.0+ 0.2 7.2+ 0.8
28 59+ 0.6 7.3+ 0.6

Vaues ae means + SD (n=4) for experiments run on two
occasions. Means sharing the same superscripted letter are not
sgnificantly different (Duncan's multiple range test P>0.05). *
indicates significant differences between groups a equivaent days
(P<0.05).

were increased by 70% and 1129%, repectively, after exposng
three-toed box turtles temperature stress (Sturbaum &
Bergman, 1981), which supports the result of this study.

Hemodynamic indices such as hematocrit, red blood
cdls, and hemoglobin represent oxygen carrying ability.
Davis & Parker (1990) reported that Sress incresses hametocrit,
red blood cell, and hemoglobin levels. These indices may
depend on acute and chronic stress. Sturbaum & Bergman
(1981) reported that levels of hematocrit, red blood cdls,
and WBCs were reduced by temperature stress. However,
we found increased hematocrit levels and reduced hemo-
globin levels. The difference is probably due to our appli-
cation of chronic stress.

In conclusion, our results have shown that P. sinenss
exhibit the ‘typicd’ physiologica responses (cortisal, glucose,
lactic acid, osmaldity, and ions) induced by vibration stress.
Our data suggested that chronic vibration stress causes
substantial gtress in the animal, and in the particular, the
perssting elevated levels of AST and ALT observed would
be expected to adversely affect. The high hematologica
characterigtics during al experimentd period showed that
the P. sinensis couldn’t adapt to chronic stimuli provoked
by vibration stress.
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