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A comparative study of the
Effects of Erabu sea snake

(ιaticauda semifasciatω
Upids, Green Tea Extract and

C0川Ugated LinoleicAcid on the
Swimming Endurance of Mice
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Abstract:1he aim of this study was to assess the interaction between physical and biochemical
Parametersin 加Cefed l % seasnake lipids(SS工) andcomparethesewith anilnalsfed dietscontaining
0.296 greenteaextract(GTE) oro.5 % conjugatedlhloleicacid (CLA).Theswir1血ingti111esofthessL
groupwere significanayincreased atweekS12 and 16 (Pく0.001), andthose ofthe GTE group, at圦leek
12 (Pく0.005), butnotthose ofthe contr010r cLAgroup, comparedwiththose at圦leek o. The increase
tended to be significanti11the ssL group compated with the controlgroup at訊leek 12 (P=0.09). Both
thessLandGTEgroupshadsi即迂icantlylongerswimmingtimesthanthecLAgroupatweekS12and
16 (Pく0.001). After 5 m血Utes ofswm1血ng exercise,the ssLgroup eX11ibitedsi部ificantlylowerlevels
Ofplasma and muscle lactates (Pく0.01), and plasma non・esterified fatty acid (NEFA)(Pく0.0OD than
the control gtoup.1heTe were no significant di丘erences in any of plasma glucose,血Usde and liver
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glycogens, muscle lact飢e dehydrogenase (LDH), carnitine palmitoyltransferase (CPT), ol mono・
Carboxylate transporter l(NICTI) between ssL and controlgroups.1heresultssuggestthatthe intake
Of1 96 SSLimprovedendurancemorethantheintakeof02 ツ0 GTEoro.596 CLAinmice.1hisaction
may 血Volve the promotion oflactate oxidation f01' utilization.

Key words: sea snake lipids, green tea extract, conjugated linoleic acid, endurance,1actate,
monocarboxylate transporteτ 1, mice

Zhang G. et al: E丘ect ofsea snake Lipids, GTE and cLA on Endurance

Introduction across the sarcolemmal membrane by a member of
the monocarboxylate transportet (MCT) family, in

Erabu sea snake (ιαticauda seh1ぴαSciata)is a marine which the expression of MCTl was highly c0捻elated
reptile distributed throughoutthe pacific ocean and with lactate utilization [18-201.叺lhether decreased
along the coast of the south china sea. Lipids lactate accumulation observed in the ssL・ingesting
extracted from a fatsack (fat body)in the viscera of mice during swimming exercise [4,5] is associated
Erabu seasnake have been used as health・promoting with the MCTlptotein levelisstiⅡ to be determined.
foodsupplementS血Japan [1].1nanimalstudies, an ln addition,1ipid peroxidation, which can be
加take ofsea snake lipids(SSL) canimprovelearning readily monitored by levels of thiobarbituric acid・
abiliw [2], and reduce plasma and liver lipids and reactive substances (1BARS),is a majorindicator of
Plasma glucose levels in mice B]. our previous oxidative stress, which may re且ect a certain state of
Studies [4,5] have demonstrated that both young and fatigue during swimming exercise [211. Moriura etα1.
aged mice,fed a6 ツ0 SSL dietfor16Weeks, exhibited [22] haveindicatedthatpr010ngedswimmingtimesin
a marked improvementin swimming endurance, and the rats administered 50 ツ0 ethanol extractfrom the
this action was accompanied by decreased lactate dried whole body ofAgkistrod0π bl0111hojテ1i blohl、
accumulation and lower non・esterified fatty acid h0がii BOIE, which is a venomous snake found
(NEFA)1evels. currently,theprecisemechanismsby throughout Japan, was attributed to the inhibition
Which these improvements were initiated have not ofTBARs elevation during swimming exercise.1tis
been elucidated. Conceivablethatintake ofssLmayreduce the extent

Ihere are anumberofsites atwhich thessLm地ht oflipid peroxidation.
act. Glycogen and fatty acids are important energy Ihe aim ofthisstudy isto explore the mechanisms
Substratesfor exercise [6-9]. Glycogen sparing, e.g., ofendurance improvementin the mice f0ⅡOwing the
Promoting fatty acid oxidation, could pr010ng phys・ administration of ssL. Therefote, we compared the
ical pedo,mance [10].1t has beon shown that β・ e丘ects ofl % SSLwith 02 % GTE and o.5 % CLA,
Oxidation of fatty acid was promoted in mice by both of which have been known to improve endur・
dietary supplementation with green tea extracts ance throughpromotingfatty acid oxidation, onthe
(GTE) for eightto ten weeks [11,12], or conjugated physical and biochemicalparametersin the mice.
Iinoleic add (CLA)for one week [131. ThiS血Creased
fatty acid utilization was accompanied by significant
improvements in the endurance of these mice. 1Vlaterials and rnethods
X和hetheミ Such a mechanism also contributes to the

improved endurance in the mice fedthe ssLdietsti11 Animals
needsto be clarified. SSL contain mostly long・chain

fattyacids(TableD.1heselong・chainfattyacidsmay Male crlj:CD・1 (1CR) mice aged 4 Weeks were
be ingested bymice and oxidized fot energy produc・ purchased from charles River Japan lnc.(Atsugi,
tion during swimming exercise, and this action m地ht Kanagawa, Japan), and housed in cages(10 mice per
be connected with the activity ofcarnitine palmitoyl・ cage) under automatica11y contr011ed conditions of
transferase(CPT),whichisanimportanttransporter temperature (24士0.5゜C), humidityrelative

Of long・chain fatty acids acToss the mitochondnal (65士5 ツ0), and lighting (1ight from 06.45 t0 18:45)
membrane for oxidative metabolism [14,15]. Fur・ f0τ18Weeks.Forty、eightmicewererandomlydivided
thermore,it has been Teported that skeletalmuscle into four groups (12 in each group; one cage was
Can both produce lactate and me仏bolize lactate for divided into two sections by a steel plate, and each
energy ptoduction [16,171 f0ⅡOwing its transport section contained 4 mice), with equalbody weights

.
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andswimmingtimestoexhaustion at22Weeks ofage・
Ihey were then switched from laboratory chow MF
(oriental Yeast co., Ltd., Tokyo, Japan) to four
different experimental diets (contr01, GTE, CLA,
and ssL diets). Animals had free access to the
experimentaldiets andwaterfor16Weekswhenthey
Were sacrificed. Body weights of mice were deter、
mined every 2 Weeks. AⅡ animal ptocedures were
reviewed and approved by the Animal Research
Committee ofthe National Food Reseatch lnstitute,
National AgricultuTe and Food Research organiza、
tion (NARO), Japan.

Table lJ compositions ofthe expeHmentaldiets (%)

Zhang G. et al: E丘ect of sea snake Lipids, GTE and cLA onEndurance

Corn statch

Casein

Granulated sugat

Ce11Ulose

Mineralmixture

Vitamin mixture

L、methionine

Lard

Green tea extract

Conjugated linoleic acid

Sea snake lipids

(23 %),18:2n、6 (1.4 %), and 20:4n・6 (1.6 %). GTE,
Polyphenon 70 S, was purchased from Mitsui Norin
CO., Ltd.(Tokyo, Japan) and contained more than
80 ツ。 catechin. CLA, extracted from safaowerseed,
Was obtained in capsule form (BeeBest cLA 50の
from BeeBest co. Ltd.(Tokyo, Japan).1he conju・
gated Hnoleic acid contained 82 ツ0 cis・9,trans・11 and
trans、10, cis、12 isomers;the remaining fatty adds are
10 % 18:1n、9,5 ツ。 16:0,2 ツ0 18:0, and 1 ツ0 18:2n・6.
Ihecontent(1iquidpart) ofcLAwasused andmixed
into the diet.1he compositions of the fout exper、
imentaldiets(contr01, GTE, CLA, andssLdiets) are
given in Table l. Mineral and vitamin mixtures were
Obtained from odentalYeast co., Ltd. The amounts

Of GTE (cateohin,02 ツ0), CLA (0.5 ツ0), and ssL
(1 ツ。) addedto the dietswere calculated accordingto
the range oftolerable daily intake of humans. Each
experimentaldiet wasstored below ・40゜c to prevent
Oxidative changes in fatty acid composition during
Storage.

Contr01

Dietary group

47.8

20

15

GTE

47.6

20

15

CLA

GTE: green tea extract; CLA: conjugated linoleic acid;
SSL sea snake lipids. Lard containS 16心(253 %),18:0
(12.5 %),16:1 (3.4 ツ。),18:1n・9 (412 %),1&1n・フ(29 %),
and 18:2'、6 (8 ツ。); Green tea extract contains more than
80 ツ。 catechin; conjugated lineolic add con仏inS 82 ツ0 cis、
9, trans、11 and trans、10, cis・12, and the others are l0 ツ0
18:1n_9,5 ツ。 16:0,2 % 18:0, and 1 ツ0 18:2n・6; sea snake
Iipids containS 22.6n、3 (12 %),20:5n・3 (1.5 %), and the
Oth.rs are 16:0 (30 %),16.1 (5フツ0),18:0 (8.5 ツ0),18:1n・9
(22.4 %),18:1n、フ(23 す。),18ユn・6 (114 ツ0),20.4n・6 (1.6 ツ0)

Experimental diets

Ihe lard was supplied by NOF CO., Ltd.(Tokyo,
Japan), and Erabu ssL, by Fuji pharmaceutica11nc・
(Tokyo, Japan). Lard primarily contained 16:0
(253%),18.0 (12.5 %),16:1 (3.4ツ0),18江n・9
(41.2 %),18江n、フ(2.9 %), and 18:2n・6 (8 %) fatw
acids. SSL are rich in n3 Polyunsaturated fatty acids
(PUFAS). e.g,22:6n3 (12.0 %) and20:5n3 (1.5 %).
Other ssLfatw acids are primarily 16.0 (30 ツ0),16:1
(5.フ%),18.0 (8.5 %),18江n・9 (22.4 ツ0),18江n・フ

Int. J. vitam. Nutr. Res.,79 (5),2009,@ Hogrefe & Huber publishers

47.8

20

15

SSL

0.2

6

47.8

20

15

-1'コ

Svvimming endurance

Ihe forced swimming test has been described in our
Previous studies [4,51. Brie且y, a soapless soap s01、
Ution (1 ツ。 neutralkitchen detergent, Kao co., Ltd・,
Japan) was used to wash the bodies and thoroughly
moisten the hairs of the mice before the swimming
exercise,to prevent anybuoyancy differences caused
by hairs [23,241. swimming times to exhaustion of
mice supporting2 ツ0 10adscorrespondingtothebody
Weights attached to their tails wete determined in a
tank (26×22×29 Cm) fi11ed with water to a depth of
25 Cm at a temperature of 23゜C, and were used as
indices ofswi11血ing endurance. Mice were assessed
as exhaustedwhentheyfailed toriseto thesurface of
the water to breathe within a 7・second period [251.

4 WeeksIhe swimming tests were carried out every
between 11:oo and 17:oo hours to avoid circadian
Variationsinphysjcalactivity [25]. onthe daypnorto
each test, mice received swimming training for lo
m加Utes with n0 10ads attached to their tails in

Preparationforthe swimming exercise. This was only
Performed once in order to avoid any possibility of
in丑Uencing swimming times by increased swimming
training, which had been demonstrated by some
Studies [26,27].
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Sample c011ection and processing

Atthe end of16 Weeks offeeding and after 3 days of
PhysicalrecoveTy from the firstswimming test, non、
fastedmiceweresubjectedto afurtherswimmingtest
for5minuteswithloadsthatwere 1 ツ0 ofbodyweight
andimmediatelysacrificedbydislocationoftheneck.
Blood samples were c011ected from the caudal vena

Cavawith a heparinized syringe and putinto ice、cold
tubes. samples ofliver and hind limb musde ofmice

Were immediately removed and rapidly frozen using
Iiquid nitTogen. Liver foT estimating glycogen and Determining blochemical parameters
muscle tissue fot assessing lactate, glycogen, CPT,
Iactate dehydrogenase (LDH), and MCTl were plasma glucose and NEFA concentrations were
Stoted at ・60゜C. A blood sample (02mL) was measured using commercialkits (Glucose C11、test
deproteinized with perchloric acid (0.6 1YI) and 圦lako, NEFA C、test yi7ako,訊lako pure chemical
Centrifuged at 3,ooo x g for lo minutesto determine lndustries, osaka,Japan). plasmaTBARs was meas、
Plasma lactate. The temaining blood sample was uredbythe method ofYagi[28]. plasma andmuscle
Centrifuged at 90o x g for 15 minutes, and the L・(+)・1actateP9]andmuscleandliverglycogensB01
Supernatant was stored at ・40゜c for determining weremeasuredusingthepublishedenzymaticmeth、
Plasma glucose, NEFA, andTBARs concentrations. ods. CPT activity in muscle was detetmined usin
FrozenmusclesamplesweTehomogenizedinbU丘er palmitoyl、COA as the substrate BI], and LDH
(025 M sucrose,1 mM EDTA, and 3 mM tris・HCI, activity, using pyruvate and NADH as substrates
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口 gnificant d辻ferences in the body口
Weightamongthefourdietgroupsare
denoted by a, b, ab, and c (Pく0.05,
NS= non・S地nificant).

PH 72) and were centrifuged at 50o x g for lo
minutes. Half of the result血g supernatant was used
for determining cpTactiV北y, and the other half was
againcentrifuged atlo,ooo x gforlom血Utesto yield
a supernatant for measuting LDH activity. For
glycogen determination, frozen samples of muscle
and liver were homogenized with o.6M perchloric
acid, and homogenates were stored at ・60゜c for
analysis.

Fig記re lJ Time course of changes i
body weight(A) and food intake (B)
in mice fed the controldiet, and diets
Supplemented with 0296 green tea
extract (GTE),0.596 Conjugated li、
noleic acid (CLA), or 1 96 Sea snake
Iipids (SSL)(n=12 for each). si、
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B2]. CPT and LDH activities wete adjusted t0 血e
totalsupernatant protein determined by the Lowry
method B31.

Zhang G. et al: E丘ect ofsea snake Lipids, GTE and cLA on Endurance

MCTI

Ftozen muscle tissue (10omg) was homogenized in statistical analyses
2 mL of buffer A [210 mM sucrose,2 mM ethylene
glyc01、bis(β、aminoethyl ether)、N,N,N',N'・tetraacetic Datawere expressed as meanS 士 SEM. Bodyweights
acid,40 mM Nacl,30 mM N、2、hydroxy、ethylpiper・ and swimming times ofthe contr01, GTE, CLA, and
azine、N'、2、ethanesuHonic add,5 mMEDTA,2 mM SSLgroupswere compared using atwo・way analysis

Phenylmethyl、sulfonylauoride, PH 7.4] with tw020- ofvariance (ANOVA). comparisons ofbiochemical
Second bursts with a physcotron homogenizer set at parameters and MCTl protein levels weTe assessed
40 with a thick generator shaft (NS、1の. Homoge・ using a one・way ANOVA and the spjotv0Ⅱ/stoline
nates were transferred to centr辻Uge tubes, and 2 mL test, using the statisuca statistical program package
OfbU丘erAusedto rinse the homogenizer was added (statsoft lnc., Tulsa, OK, USA). A level of pく0.05
to the tubes. Three mi11iliters of bU丘er B a.167 M was used as the criterion for statisticalsignificance.
KCI,583 mM tetTasodium pyrophosphate) wasthen
added.Thehomogenateswelethenmixedbtieayand
Placed on ice for 15 minutes. After centrifugation at Results
230,ooo x gfor75minutes at4゜C,thesupernatantwas
discarded and the pe11et waswashed thoroughlywith Body vveight and food intake
2mL of bU丘0, C (10 mM Tris (hydroxymethyl)
am加omethane (Tris) base,1 mM EDTA, PH 7.4).1he changesin body weight and the food intake of
IhepeⅡetwasresuspended in600 μLofbuffer c and mice fed the contr01, GTE, CLA, and ssl, diets over
homogenized by tw015、second bursts with a phys・ 16 Weeks are presented in Figure l.1here were no
Cotron homogenizet set at 40 with a thin generator significant d迂ferences in the body weights in any of
Shaft (NS、4). Two hundred microliters of 16 ツ0 thesefourgroups ofmice at anypoint ofthe feeding
Sodium dodecyl sulfate was added to the samples,廿ial(Figure lA).Bodyweightsofthe ssL, GTE,and
Which were then mixed and centrifuged at l,10o x g control groups tended to increase with 16 Weeks of
fot20minutes atroomtemperature.1he supernatant feeding,unlikethe cLAgroupforwhichbodyweight
Was divided into aliquotsfoT measuring totalprotein declined overtime. overa11,the ssL group exhibited
Content andMCTlproteinlevelandstored at・60゜C. the greatest body weight increase, and the GTE

To detect MCTl protein, the supernatants were group exhibited less increase than control group
mixed with bU丘eT D (10 M urea,10o mM Tris・HCI,1here were no di丘erences in the aveTage dietary
2 % SDS,0.08 % bromophenolblue)in a 3江(WV) intake (F地Ure lB), which waS 43 gldoy for each
ratio. protein samples (protein content:75 μg) were group.
Separated on 9.6 ツ0 polyacrylamide gels (stacking
gel:3 %).1he gels were then incubated in bU丘er E
(0.1MTds、Ha,0.192M glycine,2096 methan01)for swimming endurance
30 minutes prior to transfer to the polyvinylidene
diauoride (PVDF) membrane (pre・incubated in The swimming endurances ofmice on the four diets
bU丘eT E) at 150 mA for 90 minutes. The membrane withloadscorrespondingt02960ftheirbodyweights
Was incubated on a shaker ovem地htin buffer F [1 are shown in Figure 2. ovetaⅡ,the mean swimming
mM Tris、HCI, PH 8.0,フ.5 mM Nacl,0.1 ツ0 (V/V) times ofmice fedthe ssL diet were longer at a11time
Tween 20, and5 %(WIV) nonfat driedmilk] contain・ points than those of the other. groups, but these
ing goat anti、mouse antibody for Mcrl protein diHerences from the contr010r GTE group did not
(1:500, santa cruz Biotechn010gy,1nc.) at 4゜C. The achieve statisticalsignificance.1he slightincreasesin
membranewaswashedinbufferFwithoutdriedmilk swimming times ofthe ssL diet group from those in
and incubated for l hour with the labbit anti・goat the control group observed at 圦leekS 4 and 8 Were a
Secondary antibody for MCTl protein (1:4000, bit more pronounced at 圦leekS 12 (P=0.09) and 16
Chemicon) in the same buffer. NICTl ptotein was (P=0.13). At 圦leek 16,the swimmin今 times for the

Int. J. vitam. Nutr. Res.,79 (5),2009,@ Hogrefe & Huber publishers

detected using an alkaline phosphatase conjugate
Substrate kit (Bio・RAD).1he MCTl protein was
quantified by scann血g the pvDF membrane and
analyzingbandopticaldensiwwith scionlmage (free
Software).
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SSL, GTE, and control groups weTe significantly
10nger than foT the cLA group (Pく0.001, Pく0.001,
andpく0.05). Atw'eek 12,the swimmingtimesforthe
CLA group were significantly shorter than those for
tho GTE and ssL groups (Pく0.ool for both), and
Slighdy shorteT than those of the contr01 group

(P=0.08).
For the ssL and GTE diet groups, the mean

Swimming timesfrom week 80nwards were longer
thanthose at、入leeko.1heswimmingtimes ofthe ssL
gtoupatw'eekS12 and16Weresignificantlyincreased
Compared with those at 訊leek o (Pく0.ool for both).
In the GTE group,the swimming times at 訊leek 12
Were significantly longet than at 工入7eek o (Pく0.005),
but this was not maintained at 圦leek 16 (P=0.13).
Swimming times in the control group tended to
increase over time, while those in the cLA group

tended to decrease.1hese results suggestthatintake
Of196 SSLimprovesendurancemorethan血takesof
0.296 GTE 0τ 0.596 CLA.1n addition,10ng、term
intake of cLA failed to improve endurance in mice,
Which is not consistent with the study of Mizunoya et
"1.[13].

n

0

b

16

^C如叡'01

^GTE

^CLA

^ε$L

*

、C

4

掌

加t岳跨、P血0ι(WO'0

367

a

日
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Fi8Ule 2; E丘ects of diets supple、
mented with o.296 green tea extract
(GTE),0.596 Conjugatedlinoleicacid
(CLA), and l% sea snake lipids
(SSL) on the swimmingtimes ofmice
a杜ached with constant loads c0丘es、

Ponding t02 ツ0 oftheir body weights
(n=12 for each). significant diffeten、
Ces among four diet gtoups or intake
Periods are denoted by a, b, and c
(Pく0.05); CLA Contr01:Versus

P=0.08 at 工入7eek 12; SSL vetsus con、
tr01:P=0.09at叺leek12,andp=0.13at
Week 16. significant d迂ferencesfrom
theswimmingtime ofweek 0 血 each
dietgroupby *(Pく0.05); GTEgoup,
Xveek 16: P = 0.13.
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M

Glycogen metabolism

Ihe muscle and liver glycogen content and plasma
glucose concentrations after 5 minutes ofswimming
'n the mice fed the four experimental diets afe
Presented inFigure 3. Muscle glycogen levels(Figure
3A) after swi11噂ing were similar in the ssL, GTE,
and control groups. Mice in the cLA group had
Significantly loweT levels of muscle glycogen than
those in the control and GTE groups (Pく0.05 f0τ
both), and the ssL group (Pく0.01). Liva glyoogen
(Figure 3B) and plasma glucose (Figure 3C) 1evels
f0ⅡOW加g swimm血呂 Were not markedly diffetent
among the four diet groups.

リ^,」、エ^一里.

'ナ:',J"喜、モ3、き尋ゞ喧急キ5促工ぎ芽之奪辺、一声、【、#全ゞ1-'、三

Lactate metabolism

Ihe lactate contentin plasma and musde, and LDH
activitiesinmuscleafter5minutesofswimminginthe
four experiment groups are presented in Figure 4.
Plasma (Figure 4A) and muscle (Figure 4B) 1actate
Ievels of mice in the ssL group were significantly
10werthan thoseofanimalsinthe contr01(Pく0.01) or
CLA (Pく0.001) gtoup.11)e differences .in lactate
Ievelsbetween the ssLand GTEgroupsapproached
Significance (plasma, P=0.06; muscle, P=0.08). Lev、
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Lipid metabolism

PlasmaNEFA and TBARs levelsand muscular cpT

activities in the four experimental groups after 5
minutes of swimming are depicted in F地Ure 6.1he
NEFA concentrations(Figure 6A) ofthe ssL group
Were significantly lowerthan those ofthe controland
GTE groups(Pく0.ool for both).1hose in the cLA
group were slightly lower than in the ssL group
(P=0.07), and significantly lower than those in the
Control and GTE groups (Pく0.ool for both). ne
GTE and controlgroups had similar NEFA concen・
trations (Figure 6A).1he cpT activities in musde
Were not sign迂icantly different between any of the
four groups (Figure 6B).

Ihe plasma TBARs concentrations decreased in
a11 groups compared with the control group, butthis
Was only significant in the GTE and cLA groups
(Pく0.ool for both), and not in the ssL group

Int. J. vitam. NU廿. Res.,79 (5),2009,@ Hogrefe & Huber publishe玲

els of lactate in the cLA group were statistica11y
Significantly higher than those in the contr01
(Pく0.05), GTE (Pく0.005), and ssL (Pく0.001)
groups. The lactate levels from plasma and muscle
'n the control and GTE groups were similar. LDH
Ievelsin muscle were not markedly different among

the four groups (Figure 4C).
IheMCTlproteinlevelsofmusde a丘er5minutes

Of swi1111ning in the four experimental groups are
Shown in Figure 5. There were no significant differ・
ences in the MCTl protein levels among the four
experimental groups. Although the level of MCTI
appeared to be higherin the cLA group compared
With the other groups,this difference was notstatisti・
Ca11y significant.

き

CLヘ

C酬1な01

ヨ

$SL

GTE

急

こL゛'

Figure 3゛ Effects of o.296 green tea
extrad (GTE),0.596 C0可Ugated li・
noleic acid (CLA), and 1 96 Sea snake
Hpids (SSL) on muscle (A) and liver
(B) glycogen levels and plasma glu・
Cose concentration (C) in mice with
attached constant loads Corres-

Ponding t01 % oftheir body weights
after 5 minutes of swimming (n=12
for each). S地nificant differences
among the four diet groups are den・
Oted by a, b (Pく0.05).
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(P=0.1の. Thedecreasewasnotsign迂icantly different the food intake was the same as in the other diet
between the ssL or cLA group and the GIE group groups, suggesting that o.5 ツ0 CLA may be safe in
(P=0.17, P=0.フフ). The dec,ease observed in the ssL Inlce.

group wassignificanuy lessthan that observed in the In terms of physical endurance, aⅡ experimental
CLA group (Pく0.05)(Figu,06C). groups except the cLA group exhibited improved

Swimming times compared to the controlgroup. The
SSL group achieved the greatest improvement in

Discussion
endurance, and this was also the group that exhibited
the greatestincrease in bodyweight.1n contrast, only

Iheobjectiveofthisstudywastoassessphysicaland the cLA rou ,forwhich thebod ' ht d r d
biochemicalparametersinmicefed asupplementof over time, exhibited decteased endurance.1t a _ap・

SSL and compare these with animalsfed a control peared that there was some correlati b t
diet or dietssupplemented with GTE or cLA.1tis swimming endurance and bod wei ht cha .1
Commonly accepted thatswimming is a good expet、 Previousstudy ofmice with an intake of o.596 CLA
imental exercise model, and the biochemicalparam、 Over one week, swimming endurance was enhanced
eters assessedpreviouslyinvariousstudieshavebeen with the same levels ofbod wei htforthe cLA and
associated W北h increased exercise endurance. The controlgroups [131.1his observation isinconsistent
review of Larsen et α1. B41 evaluated the safety of with the result of the present study.1t has been
CLA supplementation and implied the toxicity of indicated thatlon 、term intake of cLA de d
CLA・However,inthepresentstudy,themiceinthe body fat and resulted in lower b d ' ht '
CLA group did not die during long・tetm intake, and expeTimental animals B5-39].1hese observations
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Fiξ記re 4゛ E丘ects of 0296 green tea
extract (GTE),0.596 Conjugated li、
noleic acid (CLA), and 1 96 Sea snake
Hpids(SSL) onplasma(A) andmuscle
(B) 1actates, and musde lactate dehy、
drogenase (LDH) activity (C)in mice
With attached constant loads corres、

Ponding t01 96 0ftheir body weights
after 5 minutes of swimming (n=12
fot each). sign迂icant differences
among the four diet groups are den、
Oted by a, b, and c (Pく0.05); SSL
Versus GTE: P=0.06 for plasma lac、
tate, P=0.08 for muscle lactate.
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Suggest that decreased body weight obseTved in the plasma glucose levels of mice fed the ssL diet were
mice fed the cLA dietis attributed to reduced body similarto those ofthe controlgtoup even though the
fat, and this decreased body fat may decrease swimmingenduranceofthefotmergroupwasgreat・
endurance perhaps due to increased energy expendi・ er.1his suggests that improved endurance was not
ture caused by lower buoyancy, although relatively directly dependent on glycogen metabolism as an
10wer loads (2 ツ0 of the body weight of mice) were energysourceinthessLgroup.1nourpreviousstudy
attached to the tails ofmice fed the cLA diet during of mice with a h地her 加take of ssL (6 ツ0 versus l %
Swimm加g exercise. Despite these associations be・ in the present study), muscle glycogen levels after 5
tween endurance and body weight change,the GTE minutes ofswimming exercise and swimming endur・
group, which had less body weightincrease than the ance were both greaterthan in the con柱olgTOUP [4].
Control group, had gTeater endurance.1his lesser lhus, the regulation of glycogen metabolism may
bodyweightincreaseintheGTEgrouprelativetothe di丘erdependingonthelevelofssLintake.Together,
Control group may be due to decreased body fat, these observations suggest that various diets may
Whichhasbeendemonstratedinotherstudies[40,41]. producediffetentregulationofglycogenmetabolism;
Ihese observations suggest that additional mecha・ furtherstudy is needed to darify this.
nisms ofenhandngphysicalendurancemustoperate lhe levels of plasma and muscle lactates after 5
f0ⅡOwing an intake of various dietary supplements. minutes ofswimming exercise were correlated with

In the presentstudy, we determined the biochem・ swimming endurance in the present study. The ssL
icalparameters after5minutesofswimmingexercise diet group with the lowest lactate level had the
and investigated the differences of the energy sub・ 10ngestswimmingtime, whereasthe cLAgroupwith
Strates atthistimepoint ofexercise. From these data, the highest lactate level had the shortest swimming
We could estimate the available energyforuse from5 time. The lower lactate level of both plasma and
minutes to exhaustion. The cLA group had a musdeobseNedinthessLgroupcomparedwiththe
Significantly lower level of musde glycogen but not control group were consistent with the results of our
Iiver glycogen or plasma glucose, suggesting that previous studies [4,5]. These obseNations,i.e. that
10weT muscle glycogen content may contribute to decreased lactate accumulation may be associated
decreasedendurance. However,muscleglycogenand with increased endurance, have also been supported

Int. J. vitam. Nutr. Res.,79 (5),2009,◎ Hog祀fe & Huber publishers
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ヂi8Ure 5J Representative immuno・
blots of the monocarboxylate trans・
Porter (Mcr)1 in skeletal muscle
Samples fTom the contr01,0.2%
green tea extract(GTE),0.5 ツ0 con・
jugatedlinoleic acid (CLA), and l %
ea snake lipids (SSL) diet groups
(A), and their quantification (B) in
mice (n=12 for each) with attached
Constantloads corresponding to l yo
Oftheirbody weights after5 minutes
Ofswimming. significant d辻ferences
among the four diet groups are den・
Oted by a, b (Pく0.05).1ho quaoufi・
Cation of Mcrl protein was perfor・
med by scanning the pvDF mem・
brane and analyzin8 band optical
densiw with scion lmage (free soft・
圦『are).
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且
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by other studies [42-441. A decrease in lactate
accumulation may imply less glycolytic and more
Oxidative me仏bolism. However,inthepresentstudy,
the activities of LDH that catalyze the reversible
Conversion of pyruvate to lactate were similar
between the ssL and controlgroups after 5 minutes
Ofswimming exercise. nlis result could indicate that
there is no difference in glycolytic a醐 regard血g
Iactate production between these two gtoups. MOTe、
OveT,1actate produced in musde during exercise can
be metabolized f0110wing its transport acl'oss the
Sarcolemmalmembrane [16,171.1tispossiblethatthe
10wer lactate levels in the ssL group are a conse、
quence of faster lactate utilization by oxidative
metabolism.1he transport of lactate across sarco、
Iemmal membrane associated with MCTl and the

expression of the gene for this protein weTe highly
Correlated with lactate oxidation in rat muscle [18-
20]. However, the Mcr1 1evels in skeletal muscle
after 5 minutes of swimming exercise were similar
between the ssL and control groupsin this study lf
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力し

CLA

C0註ぜ01

亡

gsL

GTE

Fi8Ure 6゛ Effects of 02 % green tea
extTact (GTE),0.5 % conjugated lino、
Ieic acid (CI'A), and 1 96 Sea snake li、
Pids (SSL) on plasma non・estedfied
fa杜yacids(NEFA,A),musclecarnitine
Palmitoyl・transferase (CPT) activity
(B) and plasma thiobarbituric acid・
reactive substances (TBARS, C) 1evels
'n mice with attached constant loads

Corresponding t0 1% of their body
Weights after 5 minutes of swimming
(n=12 foreach). significant differences
amongthe fourdiet groups are denoted
by a, b, and c (Pく0.05); SSL versus
CLA: P=0.07 for plasma NEFA; SSL
Versus contr010r GTE: P=0.10, P=0.17
for plasma TBARs respectively.

、

且赴

CLA

the reason for the lower lactate levels in the ssL

group is faster lactate utilization, then the mecha・

nisms involved are probably associated with a post、
transmembrane pathway, and further studies are
necessary to determine such mechanisms.

NEFA is are also an important eneTgy source for
exercise, and the mobilization and utilization of

NEFA is could enhance exercise performance [10-
12,451. some studies B5-3町 have indicated that
intake ofcLA decreases bodyfatinmice. Thiswould
have resulted in loweT NEFA levels prior to swim、
ming exercise in the mice ted cLA [13]. Again,
Significantly lower plasma NEFA and similar cpT

activities after 5 minutes ofswimming exercise were
Observedbetweenthe cLAandcontrolgroupsinthis
Study.11〕ese resultssuggestthat decreasedNEFAfor
Utilization attenuated the swimming time. similarly,
intake of GTE could decrease {at by increased fat
Oxidation in experimentalanimals [40,41], ultimately
10wering NEFA levels before swimming exercise'in
the GTE group [46]. Further, after 5 minutes of

Int. J. vitam. Nutr. ROS.,79 (5),2009,@ Hogrefe & Hub釘 Publishers
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the same levels of NEFA be、 expected that a dietary intake of Erabu ssL isSW11nlnlng exerclse,

tweenGTE and controlgroupswere observedinthe benefidal in improving physical performance in
Presentstudy,eventhoughtheactivityofcpTwasnot humans.
Significantly different between these two groups.
Ihese results imply that the higher levels of NEFA

Acknovvledgementsmay have been caused during swimming exercise in
the mice f0ⅡOwing GTE and therefore contributing
to the higher endurance by increasing NEFA metab・ 1hisstudywassupportedbyagrantfromthe Ministry
Olism to provide energy.1n add北ion,the significantly of Agriculture, Forestry and Fisheries (MAFF) for
10wer NEFA levels observed in the ssL group thefoodtesearchproject.

Compared with the contr01 呂roup may be due to the
Suppression of fa杜y add synthesis by n3 PUFAS
Contained in ssL [47,4田.1t has also been reported Abbreviations
that the rats fed a diet supplemented with n3 fatty
acidshadahigherrespiratoryquotientthanthosefed ANOVA, analysis of variance; BW, body weight;
a lard diet as contr01,indicating more carbohydrate cLA, conjugated linoleic acid; CPT, carnitine palmi・
and less fat oxidation for energy production [49]. toyltransferase; GTE, green tea extract; LDH,1ac・
Such amechanism may also have applied to the mice tate dehydrogenase; MCT, monocarboxylate trans・
fedthe ssL、enrichedn3 PUFAsinthisstudy. From porter; NARO, National Agriculture and Food
theseobservations,itwouldseemthatthemechanism Reseatch organization; NEFA, non・esterified fatty
Ofimprovedswimmingendurancef0ⅡOwingintakeof acid; NS, non・significant; PUFAS, polyunsaturated
SSL is unlikely to involve enhanced fatty acid fatty acids; PVDE polyvinylidene diauoride; SSL,

Sea snake lipids; ST, swimming time; TBARS,Oxidation during swimming exercise.
Results of a study in which tats were fed an extract thiobarbituric acid・reactive substances

from the dried body of"Mamushi" indicated thatits
anti、fatigue e丘ect during swimming exercise was
associatedwith decreased TBARs levels [22].1n this
Study, the GTE group had lower plasma TBARS
Ievelsthan the control group, and this was consistent
With other studies [50,51] in which green tea extract
ameliorated oxidative stress. Although plasma

TBARs levels of the ssL group, which had 血e
greatest swimming endurance, tended to decrease
Comparedwith thecontrolgroup (P=0.1の,the cLA

Which had the lowest swimming time, hadgroup,

Significantly lower TBARs levels than both 血e
Controland ssL groups.1hetefore,itis very unlikely 3.
that the improved endurance observed in the ssL
group is primarily due to inhibition of lipid perox・
idation during swimming exercise.

In summary,10ng・term intake of a diet supple・
mented with l % Erabu ssL was more beneficialin

improvin8 Swimming endurance than diets contain・
ing 02ツ。 GTE and o.596 CLA. The evidence
Suggests that promotion of lactate oxidation fot
Utilization may contribute to this effect, but fatty
addmobilization and utilization did not appeartobe
involved in imptoved swimming endurance. certain・
Iy,we also couldnot exdude othermechanismsbeing
involved; e.g., hormone regulation. Further studies
are needed to clarify the complex mechanisms
assodated with the improved swimming endurance
Of mice fed ssL. From our observations,it would be

Int. J. vitam. Nutr. Res.,79 (5),2009,@ Hogrefe & Huberpublishers
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