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Abstract: In this study, plasma glucose and lipid concentrations and cholesterol lipoprotein profile were
measured and compared n 5 captive bottlenose dolphins (Tursiops truncatus), 6 Thoroughbred riding horses
and 12 lactating Holstein cows. Plasma glucose concentrations of cows (71.36+5.05 mg dL ™) were significantly
lower than those of dolphins (107.00+£16.20 mg dL™") and herses. Plasma TG concentrations of dolphins
(22.8048.70 mg dL ") were demonstrated significant difference compared to horses and cows (14.33+5.28 and
8.14+1.46 mg dL™"), respectively. Total cholesterol concentrations of horses (73.50+2.88 mg dL™") were
significantly lower than those of dolphins (195.20+61.20 mg dI.™"). Furthermore, NEFA values of dolphins
(0.3240.12 mEq L.™") were demonstrated significant difference compared to horses and cows (0.04+0.02 and
0.0940.03 mEq L7, respectively). All animals showed HDIL-cholesterol dominant patterns in plasma and
dolphins and horses showed clear LDL-cholesterol peak which was lower than HDT.-cholesterol.
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INTRODUCTION

Mammals have their own characteristics in glucose
and lipid metabolism and they show different plasma
metabolites values and energy metabolism related enzyme
activities with various physical conditions (Arai et al,
2001, 2003; Muranaka et of., 2011; Li et al, 2012).
Lipoprotems are believed to play important roles in
energy and lipid metabolism of animals and their
circulating levels reflect metabolic changes m animals with
various metabolic disorders. It has been reported that
since anumal lipoprotein demsity profiles are divergent
from humans, it i1s possible to characterize different
species by fraction pattern (Terpstra ef al., 1982). As
such, animals are generally classified into 2 main
lipoprotein groups: HDL and LDI. dominant mammals.
HDIL dominant mammals consist of dogs, cats, horses,
mice and rats; the LDL dominant group includes human,
hamsters, guinea pigs, pigs and rabbits (Chapman, 1986).

The laboratory earlier reported on energy metabolism
in horses and cows (L1 ef al., 2012). Practical comparison
in plasma metabolite values clarifies the differences in
nutrient metabolism among ammal species. Horses and
cows are similarly large ammals as dolphins and have also

been trained or domesticated by humans as well. Dolphins
normally have relatively good motility and horses and
cows can serve as good comparisons because horses are
also quite active whereas cows exhibit little physical
activity; thereby highlighting differences in energy
metabolism between all 3 species. Dolphing may be
closely related to even-toed ungulates such as cows, pigs
and camels (Shimamura et af., 1997). Therefore, it is
infriguing  to investigate energy metabolism between
dolphins and cows, in order to search for common points,
between these arumal species.

Am of the present study was to examine and
compare plasma lipid concentrations and cholesterol
lipoprotein profile between healthy captive bottlenose
dolphins, Thoroughbred riding horses and lactating
Holstein cows, in order to seek any commonness or
difference in energy metabolism between these animal
species. Since, little is known about the health conditions
of marine mammals, like dolphins, it is very difficult to
discover disease development until it is in well advanced
stages. Researchers expect that a better understanding
of metabolism patterns can lead to more efficient
management and disease prevention strategies of these
armmals.
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MATERIALS AND METHODS

Animals: Five captive bottlenose dolphins (Tursiops
truncatus), 6 Thoroughbred riding horses and 12 lactating
Holstein cows were used for this study. All animals were
diagnosed to be healthy and exhibited no clinical signs for
disease. The bottlenose dolphins were part of the
population at Enoshima Aquarium in Kanagawa, Japan.
The Thoroughbred riding horses were maintained and
trained at Nippon Veterinary and Life Science University.
The lactating Holstein cows were maintained at Koizumi
Milk Farm in Tokyo, Japan Dolphins were fed 4-8 times
per day between 9:00 and 17:30 and consumed
approximately 10-14 kg daily. Horses were fed a daily diet
of ~5 kg m total, 3 times per day, between 6:00 and 16:00.
Cows were given 29-32 kg of feed daily, administered
4 times daily between 5:30 and 10:00. Approval for this
research has been given by the Nippon Veterinary and
Life Science University Animal Research Committee.

Sample collection: Blood sampling from dolphins was
conducted on a monthly basis as a part of their routine
physical exams at Enoshima Aquarium. Briefly, blood was
taken from the tail fluke of dolphins by vemipuncture
using a sterile 21 gauge disposable butterfly needle.
Because the dolphins were trained for blood sampling
and/or other routine physical exams, they can voluntarily
display their tail or body when samples need to be
collected. All dolphin blood samples were obtained
16-17 h after their last feeding. Blood sampling from
horses and cows was obtained from the jugular or caudal
veir, respectively, early in the morning before feeding
(5:00-7:00 am). The animals showed no excitement or fear
when blood sampling was conducted, since they were
accustomed to blood sampling. Blood samples from all
ammals were centnifuged at 3500 rpm for 10 mimn at 4°C in
order to obtain plasma samples which were subsequently
frozen at -80°C until further use.

Plasma metabolite assays: Plasma biochemistry analysis
on Glucose (Glu), Total cholesterol (T-cho), Triglycerides
(TG) was performed using an AU6G80 auto analyzer
(Beckman Coulter, CA, USA) with the manufacturer’s
reagents. Non-Estenified Fatty Acid (NEFA) concentration
was measured using a Walko NEFA-C test commercial kit
(Wako Pure Chemical Industries, Inc., Tokyo, Japan).

Lipoprotein cholesterol profiling: Plasma lipoprotein
cholesterol profiles were detected by the biphasic agarose
gel electrophoresis method utilizing commercial Quickgel
LIPO gels (Code No. J715, Helena Laboratories, Saitama,
Japan). In brief, 30 L of plasma as sample volume were

loaded into the dipping well of an Epalyzer 2
Electrophoresis Processing Analyzer (Helena
Laboratones) of which 5-6 uL. was loaded onto the gel and
run with a 13 min set migration time at 240 V and at 15°C.
After migration, the gels inderwent a 14 min reaction tine,
followed by a 12 min and 30 sec decolorizing and fixing
time, respectively. Lipoprotein cholesterol profiles were
assessed and analyzed using Edbank TIT Analysis
Software (Helena Laboratories).

Statistical analysis: Results are expressed as means£=SD.
Paired groups were compared using the Mann-Whitney
U-test for data with non-normal distribution and statistical
significance was set at p<0.05. All tests were performed
using Sigmaplot analysis software (Sigmaplot 11.0, Build
11.0.077; Systat Software Inc., San Jose, CA).

RESULTS AND DISCUSSION

Blood biochemistry values: Plasma glucose and lipid
concentrations in dolphins, horse and cows are shown in
Table 1. Plasma glucose concentrations in dolphing were
similar to those in horses and significantly higher than
those in cows. Plasma TG and NEFA concentrations in
dolphins were significantly higher than those of horses
and cows. Plasma T-cho concentrations in dolphins were
almost same to those in cows and significantly higher
than those in horses.

Electrophoretic patterns of cholesterol lipoprotein:
Cholesterol lipoprotein electrophoretic patterns in plasma
of animals are shown in Fig. 1. Three animals showed
HDL-cho dominant patterns and dolphin and horse
showed clear fraction of LDL-che. However, cow did not
show clear fraction of LDL-cho.

The present data showed that plasma TG and NEFA
values of healthy dolphins were significant higher than
those of horses and cows, respectively and that dolphins,
horses and cows with plasma HDL-cho dominant patterns
were classified into HDL dominant mammals such as dog,
cat, mouse, goat and rat (Chapman, 1986). That indicates
different electrophoretic patterns differing from that of
humen as LDL-cho dominant animal. Dolphin and horse

Table 1: Comparisons of blod biochmistry values of dolphins, horses and
COWS

Parameters Dolphins (n =5) Horses (n=6) Cows (n=2)
Glucose (mg dL™) 107.00+16.2 100.67+4.84 71.3645.050%
TG (mg L) 22.8048.70 14.3345.28" 8.14+1 460%
T-Cho (mg dL.™1) 195.20+61.2 T3.50+2.88% 217.07+40.57
NEFA (nEq L™ 0.32+0.12 0.040.02% 0.09+0.030%

Values areshown as mean+SD; *Significant difference as compared to
dolphins (Marm Whitney U-test, p<0.05)
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Fig. 1. Comparison of plasma cholesterol profile pattern
1n a) cows, b) dolphins and ¢) horses. Comparison
of plasma cholestercl patterns between cows,
horses and dolphins. Plasma cholesterol were
separated by an electrophoretic technique and
analyzed using Epalyzer 2 Electrophoresis
Processing Analyzer (Helena Laboratories)

showed clear L.DL-cho peak which was lower than
HDL-cho fraction but cow did not show LDL-cho fraction
in plasma. Dolphin plasma cholesterol lipoprotein profile
resembles to that in horse rather than m cow. It was
reported that HDI. accounts for approximately 60% of
horse plasma lipoprotein and LDL comprised three
discrete subfractions (Watson et al, 1993). LDL-cho
concentrations were light m the rabbit and scarce in the
horse (Hollanders et al., 1986).

Tt was suggested that serum lipid value might be
useful for evaluating metabolic states in Turkman horses
with some kinds of disorders (Asadi et al, 2006).
Furthermore, it was reported that the Shetland ponies had
higher plasma triglyceride and VLDI. concentrations than
their Thoroughbred counterparts (Watson et al., 1991).
On the other hand, hyperlipidemia of captive Bottlenose
dolphins during pregnancy (Terasawa and Kitamura,
2005) and seasonal changes in T-cho value m captive
Bottlenose dolphin sera (Terasawa et al, 2002) have
been reported. Therefore, application of plasma lipid
concentrations as diagnostic marker for some metabolic
disorders should be considered in relation to factors to
induce changes such as pregnancy, season, diseases, etc.
Moreover, foods seem to mostly affect the plasma
lipid concentrations and compositions. Dolplins are
carnivores whereas horses and cows are herbivores.
Further studies on the relationship between food
compositions and lipid metabolism in dolphins are needed
such as rice bran oil affects plasma lipid concentrations
and lipoprotein composition mn mares (Frark et al., 2005).

In obese ammals, sigmficant increase of plasma
NEFA and IL.DL-cho fractions are prominent (Mori et al.,
2011). Dolphins maintained in aquarium appear to tend to
become obese with ease compared to wild dolphins. Tt
was reported that captive dolphins indicated metabolic
states that mimicked those found m human type 2
diabetes associated with some insulin resistance
(Venn-Watson et al, 2011). Therefore, LDIL-cho
lipoprotein and levels of blood biomarker for lipid
metabolism such as TG and NEFA are expected to be
available for diagnostic marker for obesity-associated
disease in dolphins.

CONCLUSION

Since, it has been regarded that high NEFA values
could mduce to lipotoxicity in any kinds of ammals
(Wu et al, 2008, Cheng et af, 2009, Jun et al, 2011,
Yao et al, 2011), monttoring of plasma lipid
concentrations and cholesterol profile is possibly a useful
indicator for preventing metabolic disorders in dolphins.
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