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ABSTRACT

The effects of dietary supplementation of Eleutherococcus senticosus, taurine and carnitine on maximal endurance exercise
performance along with other related parameters were evaluated in rats that underwent aerobic exercise training for 6 weeks. Thirty-
two male rats (4 weeks old) were randomly divided into 4 groups, and fed experimental diets and/or aerobic exercise trained
according to the protocol: SC (sedentary control group), EC (exercise-trained control group), EE (exercise-trained Eleutherococcus
senticosus-supplemented group), and EETC (exercise-trained Eleutherococcus senticosus, taurine and carnitine-supplemented group).
The food efficiency ratio of EC rats was significantly lower than the value for SC rats (p < 0.01). Exercise-trained control animals (92

+ 8.8 min) could run significantly longer until exhausted on the treadmill than sedentary control rats (11 + 0.8 min) (p < 0.001).
Animals fed an Eleutherococcus senticosus-supplemented diet, and an Eleutherococcus senticosus, taurine and carnitine-
supplemented diet while undergoing acrobic exercise training for 6 weeks exhibited, respectively, 8 and 5 minutes longer running
performance until exhausted than the rats fed the control diet. The gastrocnemius muscle glycogen concentration of the rats,
measured at 48 hours post maximal exercise performance test, was 43% higher in EC rats than the value for SC rats (p < 0.05), but
was not different among EC, EE, and EETC rats. The mitochondrial citrate synthase activity of the soleus muscle was significantly
higher in EC rats compared to the value for SC rats (p < 0.01), and showed a tendency to increase, without statistical significance,
in EE or EETC rats compared to the value for EC rats. These results indicate that aerobic exercise training for 6 weeks significantly
improved maximal exercise performance, muscle glycogen content along with citrate synthase activity, which are important in the
energy metabolism of muscle under aerobic exercise. Dietary supplementation of Eleutherococcus senticosus in rats while
undergoing aerobic exercise training improved maximal endurance exercise performance without significantly affecting muscle
glycogen content and enzyme activities involved in energy metabolism during exercise. Taurine and carnitine supplementation
failed to show an additive effect on maximal endurance exercise performance when consumed along with Eleutherococcus senticosus.
(Korean J Nutrition 35 (8) : 825~833, 2002)
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826/7}A 22 9] A FH -5 pATH FER

Aot 2, ol § 7)eA AFel EAE A B
A dFHo= FAA A9E vIvty B = U
5, TEAES YA EY 2 A E dEA YEPE &
Aom, 71543 AE HAF ¢ FE2E9 T7F, Edold
A9 SEAESG Nx, au &FEH 77 Sl uet
dold A7 A7t AN Yok

EAT7EL H2 A SEHAFE Uz My o
TN B9E e slEdde] REHFHT ATHET
P58 FYANASS Bud v gl & Hojakas
2% (VO, max)©| 47.5~63.5 ml/kg/min ¥ $ol 2=
g2l 54 159E tdes e e slEyd S
257 BEA7ln, EdEdor HodiiEFe] 75%
FER 271 A7 SEFRSEEES AAR A9, B5ed
EE JIEUE BE&79 A9 &F AEA|7e] B8 A
H]8] Z}7) oF 78 = 97 S718ISS #ESAY.

el &= 7irledwE 99 Russian/Siberian
ginseng® 2 4#x 9oy, 89L Eleutherococcus sen -
ticosus©|th, 7}A| Q29 E saponin A&l 93 dd7tst
g HuEAen superoxide anion?® hydrogen
peroxide?] A4S AdAFogA HYr|5E Hesle &
HU7t ol go| EHAT. T3 HAEFo] f W S
oz g AF%IM AeadE 839 GOT ¥
GPT &4& 231 1 7158 Zs7le a3 gle A
o2 W3 on, &5 FPTES FIAE Bt ohe} &
5 Foll dojuh=s H2d4E AAF ] I L FEAF
A BaEAT oled P T Y AN 5T
g ZF7tazte 7 e gl g9 (+)-syringaresinol-
di-O-beta-Dglucoside A% WEY Ao F35 1 et

I AT gRo] ATERF TAcY H235H
U)X B i A7ARE AW, Nishibe 57
7N 2y EFEES dHdA FAEN £H9LEES
A7l A%, SR E7ER 9] 79 AEAZEe] #rolatAl F7t
FHeS BAF vl ok £F, Voces 572 3749 B¢t
T ATE A FFE Yoz EYndA Ex
AR EEE A7 A dxatol vl k23 9] XAt
38 ¥%7l #4381, glutathione peroxidase 2 su-
peroxide dismutase &4°] o34 718l SS T
sto], A 497t &% F JiAS tstA| 28-S 7F8ls)
E A%} 982 2uslgth $9, Ferrado 5" 714l
27y AEE vid 50 mgkgd FHANA FA3PHA
1277 &5 AARE A7, v EAZ (red gastrocnem-
ius muscle) 9] EAQ# AE} n|EZ o} 7} F718t
Ao}, 259 citrate synthase 842 711 .21 Fof

of o8] YFe wA ¥ Ao Husdet vbd Mar-
tinez "¢ F4l #fH9 e diol- ¥ triol-gin-
senoside Al &0l 71X 224 uj o= HiEo] QA Fe H&
AAEHEA, 7HA 2T Bgo] AP FHA7HS ARA
71 37t QE RoE Busgr)l QAE Yyo= s}
Alezy Ryl $E5E vXEe a9E FUiet A7
T M= Azt wE) ANt At AAHT Qo
7M. s B8o] &5 FATH FHAY IFE 11X
A o= RaP% g}

SETHTY Pl B FE7HS AgH o= Hr}
317) deiM e 25U g2 e dF gress
o] FE ol TCA 312 % AxAZA #dte &
29] 84 5] 37 SR Eo Aok & Ao, AA=Z 3
2l A7 EFEH ste] fAkaA SE Al B
He ZAAY 840 FUHEARel AR BuHI o
B A7 23 AUz AR fiad 25 FEs
W AHE g s g HEHs FEEE F
Aol v FIFE Hrista 1 LU AE FH3E)
Agtel, obge] 7HA 2T o9l Ele-d E Fl2URIY
BEAH7T AFEEE FETES FIAE d olA
AR &S JebE F JQERE FE3E Aol

Ay N X Y

1. A8EE X 49

453 9] 4 Sprague-Dawley (SD) 83 32vle] (132
T 1.8 @& Tt 1797 IIALE (5, A
F)E duAIEAIZ] Bl S5FH 759 Aoz ufe}
29 vl T (n=8)2& FF3tH Bl ENET (seden-
tary control group. SC), &= (exercised con-
trol group, EC), 572944+ (exercised Eleu-
therococcus senticosus-supplemented group, EE), &%
722y, ee-d, FEEYRIAEHAT (exercised Eleuthero-
coccus senticosus, taurine and carnitine-supplemented
group, EETC).

Aol o] & o] BF AHA4e|2A SCv# ECH
< izl EETS 7MezvrFelg, 8x
EETC#& 7Hrezty], 99, 712U RZA0lg AY
A 715 AHrEA AR, dizAele AIN-93MS
1Eo® o, AT E (F)adFAoldr 4
g 53t sy 55 (80% EFEE)S AMSIIA
ot JAedE R F Aol Uz ol FYdtE AL
9 %9 25 glkgs, 28 7Ny, A, 12y



Table 1. Composition of experimental diets

Eleutherococcus  Eleutherococcus

Control  senticosus-  senticosus, taurine
diet  supplemented  and carnitine-
diet supplemented diet
g/ kg diet
Carbohydrate 650 625 605
Casein 180 180 180
Corn oil 100 100 100
Mineral mix (AIN-93) 40 40 40
Vitamin mix (AIN-93) 10 10 10
i 00 20
Eletherococcus _ 25 25
senticosus
Taurine - - 15
Carnitine - - 5

DR ZFA ol tzAolol] 722y 559 25 g/kg diet,
eS8 15 g/kg diet, 7F2UE 5 g/kg dietS Z7] #Hrtat
At Hole} FTFL HEY FelA =AsH e, 7t
Ag4j0le] A4 24 Table 10] LFeRK uhe} g},
TEARRAY 4L 25 23+ 1T, % 50 £ 5%=2 =
AL, 12417 BAFNE SR8, Aol e v
A, 293 AFE 1590l 18] QT Azl F5,

2. RMAY 2FIEY AN

EC. EE % EETCS A% 4 Ag4jo|2 ARS3ahaA v
obd dAE Al (24 104Dl 2558 EH=Y (Dual-
treadmill, E717])& o] &3t FALA FF8t T
€ 65 AASY. A SEEUES ARl A T
de 24PFES LFFAETHA A7) st 15
m/min®] £E2 2083 FALES AAIA AL, HA
2 FYEES} NS F/AA HFH R 25 m/ming]
FEolM 6084 T3 539 HI=2 AYPFEA F8 &
T+dE AAsT SD Aol AeIA 25 m/min®] &
T Atita A oF T0%° ddle $E54%
A Aoz deiA Yot

3. N7EHLE £9¥5Y HAE W AR A

Ag o] ALSH 8 AR FEEHE 657 A4
& 3, B ueTUiRTe AS Ag4ol2 6577t ASAl
2 F ATEEE TP S Fris] Yot Edsd A
A &3 (all-out) Al7HAY FYAZHE A3 &
% 12 m9 SFFTANA 38 &5 AFSA @ F. )
38nith 3 m/minY £52 SEAEE F7MAA Yrtd
A #F 30 m/min®] £xollA 27 A7FA Y &5 A &4

BEEXS AL 35(8): 825~833, 2002/827

e 233 @A E 837} F8 Fo =z
FojREoz A AedA 10x o|4 28 = e AHE
o2 #AH o, Aol et blinded € ol A A
7Y 55358 43U

AT T T95Y HEEE A3 48A)70] Z#
& ¥, ZTEAHA dEHE nlF o] AEFES 246
o} S 48717 Ao BE $5E FRFOZA A FH
TENA L& FFE viAIEIACE BRgANS Batd ¥
AS AFeg e, 2,000 x gollA 1087 9AEE & &
g welsted B4 A7 - 70T Bastt

A9 FAZFAA 7HE (soleus muscle), A
 (plantarius muscle), ¥]& (gastrocnemius mus-
cle)3#} A=A A2 (extensor digitorum longus muscle)$
Z}7) &3 o, JAALE olfslo] F& FAANN F
22 FE9 4 HL EAY d7x -70T ¥
FEAINA,

5. ¥o%N 24

A creatine kinase (CK) &4 (BSC Auto CPK
kit, Bio Clinical System Co., Korea), ¢=2Uo} &
(Ammonia test, Wako, Japan), %7194 5% (BSC
inorganic phosphorus kit, Bio Clinical System Co.,
Korea), 845 (Lactate Pro., Akray, Japan) 2 &
2 F% (BCS glucose kit, Bio Clinical System Co.,
Korea)= 44 ¥4 kitE o] &3l zt7] BA st
=59 eI FEE HEZ (0.3~0.5 g)& o83ty
Anthrone ™o 3t &3t} 30% KOH &0
THE S3AT)2 BE BoA 208 593 F, 229
Al 2083 HABAY. A7)0 95% clEe-S 7isld #e
EollA FE3LI 2,000 X gollA 1087 e4Eed ¥ 2
Al phenol red A% H7H6I3H. 6N HCHE A7hst
o F8AZ ARE FHSFE 348, anthrone A%
Y¥h3-A1Z] F 620 nmollA v 4R 31}

6. 242 L RY

FZA 29 hexokinase ¥ lactate dehydrogenase (LDH)
AL FRAZNA EH31Y 0, citrate synthase (CS)
4L 7IRWZeA 2] 333t Polytron homo-
genizerg °o|€3l IAFe] FAAZE 100 mM KHPO,
g #2318 ¥ hexokinase 849 7% Joshi 5°
o] el 9)aled 723 LDH 848 Pesce 99 W
o £3t4 Z}7] FAs9Ich. 100 mM KHPO, 0.1 ml, 1.3
mM NADP 0.1 ml, 0.2M MgCl, - 6H:0 0.1 ml, 1.3
mM EDTA 0.1 ml®# 2U/ml Glucose-6-phosphate
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dehydrogense 0.1 mlE &3 FH 5F4 3331, &
§ 73 33 i, 0.3M ATP 33 g2 7kt 30, 340 nmo
A hexokinase 4-& $33}4t}t. LDH 48 &3]
H3AE= 100 mM KHPO, 0.84 ml, 3.3 mM Na - py-
ruvate 0.1 ml, &% &49 0.02 mlE 4L $d 36
mM DPNH 0.04 mIE Yo ¥&A)7]a, 30T, 340 nm
AN FHEE SAAY

#H, CS 849 Z4S 93 A3 7EEE 100
mM KHPO, ¢80 #3233 ¥ neZcgolts
w387) gt §2 88 33 B, Srere™) W
Hel F3lo 54 A4S FA3HY. &, 0.1 M KHPO,
0.6 ml, 3 mM acetyl Co A 0.1 ml, 1 mM DTNB 0.1
ml, 2% &4 0.1 mlE 2] 5 ¥ 30T, 340 nm
A FREE A8 o, o7]¢] tHA 5 mM oxaloace-
tate 0.1 mlE ¥HSAIA FFxo] ¥sEs St 7
A9 4L pmol/g tissueE YJERRATE

7. $WAN4
BE F44RE SPSS/PC 10.0 T8 o]8-3ly
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Fig. 1. Changes in body weight of rats fed experimental diets and/
or aerobic exercise-trained. Values are mean + SEM of 8 rats. : Sig-
nificantly different compared to the value for SC rats at p < 0.05.
SC: sedentary control group, EC: exercised control group, EE; ex-
ercised and Eleutherococcus senticosus-supplemented group, EETC:
exercised and Eleutherococcus senticosus, taurine and carnitine-sup-
plemented group.

mean + SEMO2 FAY. SCEH ECT 7+e] HE
229 zlololl th3t H-2]4L unpaired Student’s t-testZ
ol g5t} AFSHTE 5-EAE e FEE (ECE, EET
4 EETC)¢] 75 dg4el7t 24 Adgtel nX= 55
9] #9242 one-way ANOVA testell &3] p <0.05 &
oA AFSIAR, Zhee] Fik Aold o froAe
Scheffe testE ]88l p <0.05 £ p <0.01 =59
A AF3A-
ot A O

1. M3, A28 N 2&5FY uY

AY717Heet 7 4 AF ¥k Fig. 19 vehd bl
¢} 2t} EC#Y A $5FdES AFe 25 ARE SC
ol "8 AFo] A7) AR o, 65 Aoll= 3
2l L&E- o3t KA AF BFart Jehdd
(p<0.05). 34, 543 &5 Z2EZZ HA2A &5
FHE Bowx 2olHFHE g’ ECT, EET ¥ EETC
T 7l T 3RA A5 2ol 7t BEEA] kgt

A7 A AolAdHAF 4 Holagd U &
#7} Table 2] AAIHS] QUt}, dd Aol dH&FL SC,
EC, EE % EETCTIA Zt7] 17.3 + 0.49, 16.2 + 0.28,
16.7 £ 0.34 2 16.0 £ 042 g/dayo 2 @7l F9
2] Aol 7} QAT A, AH717E FUAY F 2ol HFAF
< F FHAFTETIELE Wrol & Ao]lE &S ECE0)
0.13 £+ 0.0042 SCT9] 0.19 £ 0.007) H]sld #2314
wgtc} (p <0.05). mebA FAHQA FAR EEES
AN BCTY A% AALE dadtd qyA| =2 Anlgte
2A B &E Uz vla] AF L 2olagoe] v B et
v Aow Az 3 ECEH ¥l A EEF (0.14 +
0.007) == EETCT (0.14 + 0.006)9] Helg &2 f#2
g z}o]7} TEAE X] bt

AZF 100 g7 3HA EAZY FAE A3 A1) Table
300 Yeh} Stk BE FollA AF) vlE-2e] FA1E 545~

Table 2. Daily food intake and food efficiency ratio of rats fed experimental diets and/or aerobic exercise-trained

SC EE EETC
Food intake (g/day) 173 £ 049 16.2 + 0.25 16.7 £ 0.34 160 + 042
FER 0.19 + 0.007 0.13 = 0.007* 0.14 £ 0.007 0.14 £ 0.006
Weight gain (g/6 wks) 116 =+ 7.35 79.8 =+ 1.18% 86.7 + 5.00 821 + 274

Values are mean + SEM of 8 rats.

*, ++: Significantly different compared to the value for SC rats at *p<0.05, and *+p < 0.01, respectively.
SC; sedentary control group, EC:. exercised control group, EE: exercised and Eleutherococcus senticosus-supplemented group, EETC: ex-
ercised and Eleutherococcus senticosus, taurine and carnitine-supplemented group

FER (Food efficiency ratio) =

Body weight gain for experimnetal period (g/day)

Food intake for experimental period (g/day)
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Table 3. Relative weights of various types of skeletal muscles in rats fed experimental diets and/or aerobic exercise-trained

SC EC EE EETC
(mg/100 g BW)
Soleus m. 41+ 1.2 4+ 1.2 46+ 1.0 43+ 17
Extensor digitorum longus m. 43+ 0.6 46+ 1.6 46+ 1.6 45+ 1.6
Plantarius m. 111+ 29 113+ 47 126 + 4.7 122+ 46
Gastrocnemius m. 545 + 28.0 609 + 21.0 574 + 20.0 599 + 15.8

Values are mean + SEM of 8 rats.

SC: sedentary control group, EC: exercised control group, EE: exercised and Eleutherococcus senticosus-supplemented group, EETC; ex-
ercised and Eleutherococcus senticosus, taurine and carnitine-supplemented group

609 mg/100 g BW= Yeh} the F57¢] 8¢ H]sf dA
8 1 oo Bon, 1 thEoE AL (111~126 mg/
100 g BW)ol W& && 2 3ch. A 2123 7Apa 2
FAE M2 534 41~46 mg/100 g BWe] MY S
ettt AT @ 7t 288 FA 9 AfolE Auud,
AFoh 72 AR A FA= EE, EC. EETC
183 SC#9 £ 2 A YeRd o}, 1kl 2§ Ato)
T #EEA 4okt AFY £H42Y FAE EE, EETC,
EC 283 SCie $o3, s v]E2e A= EC,
EETC, EE 18]1 SC &£o2 Eto}, HA] w7
T kol AT H|F BAH SR {3t FEL
oy, vFdzT (SC)Y 3% AR 5548
657t AA13 EC, EE &£ EETCZ vlaf W7k4 £5
A2 Ao FAZE 25 o @& AFS eSS
FEE et} &, FAH FARA SEE- o9 8}
A 274 F5FY F7P ol e A+ 9

2. N{1Y2% 9549 1y

HT Tehhidl A A7HLEs FhY
AAE A3t (Fig. 2), 653 & e
+ 22 AAAY &5 ALARE] B FUEE
ol FestAl AFHAT (p <0.01). whA B ATollA
A e dAE &5 ZEEZL A9 A
THTHE A8 FATIE AR NSOl AFHEA
o @A, THAY FEFUE e FES YR Ao
of o3 &5 THTH Aolg B AF, FAHA &
o423 YERA Asted, ECTd Hlstd EET £
EETCaolA 242t o 8% & b A& G2 A7tA 9 F
PA)7to) B 27 el (Fig. 2).

+ AT7F AL Wavke 25 E Ad FER
9 thdo =2 AAE lojn, Az dELFHSS] 3
F 7150 93 F7190] Brlene He YT E4
Al Fo R FYANY A%, 2 AA el o 2 oy
7t & Ao Alsdn) A os FFHE ge &

j
T

3
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d
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Fig. 2. Running time until ‘all-out’ state of rats fed experimental
diets and/or aerobic exercise-trained. Values are mean + SEM of 8
rats. : Significantly different compared to the value for SC rats at p
<0.01. SC: sedentary control group, EC; exercised control group,
EE: exercised and Eleutherococcus senticosus-supplemented group,
EETC; exercised and Eleutherococcus senticosus, taurine and car-
nitine-supplemented group.

I gwe] HEAHHAE B AR FY5HE I
ALY, 7t e g B9 € l2Yd g HEse B
FAZ B olE AFEERAN g AT EF FA5He
AR &} (synergic effect) = #2H =] kot

3. 93 Mz oA sTo g

AFAE oz 657 FANA E5EE A AF
2ol AHAAZ F A AN FE A S AFHS
o 33, 2532, TN 2 gRYel =8 #A %
ZA3}7} Table 491 Veh o, F 7 QEI =329
F8 TAEY ol2AnZENL (aspartate) S A3 AT
5 T ZH0AM ATPES AWAA 254 ANUAE
Mgk 48S 39, o] AANA 7 dRYolE IA
A €t £ A7 dn A 83 dRYolks e
o FraAQ zto|l7t BAEA gk, o= HAE &F
T2eZo eyl gldo] AvY Axe] uPE &Fo)
obd ¥ ofyzt M Hol A BF Yol FEE S
7] WEY o2 Als g

CKE 74 % 39 ZS5AXNAM ATPE AR
+ dl ¥ 8% creatine phosphated] 44 Zujsl= &
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Table 4. Serum levels of inorganic phosphate, glucose, ammonia, lactate, and creatine kinase activity of rats fed experimental diets and/or

aerobic exercise-trained

SC EC EE EETC
Ammonia (mg/dl) 167 =+ 12.8 154 £ 170 168 £ 15.0 186 + 157
Creatine kinase (IUL) 377 + 33 415 = 4.8 520 + 214 529 £ 134
Inorganic phosphate (mg/dl) 63 + 025 6.1 £ 0.25 63 = 04 6.2 = 0.14
Glucose (mg/dl) 140 =+ 34 108 + 6.2** 113 =+ 2.1* 101 £ 4.7*%
Lactate (mmole/l) 21 £ 047 1.8 + 0.13 1.8 + 0.16 19 = 0.16

Values are mean + SEM of 8 rats.

*, % Significantly different compared to the value for SC rats at +: p < 0.05, and #*: p < 0.01, respectively.
SC: sedentary control group, EC; exercised control group, EE: exercised and Eleutherococcus senticosus-supplemented group, EETC: ex-
ercised and Eleutherococcus senticosus, taurine and carnitine-supplemented group

Zolr}, £ A3 FAE dos i 25EEE
717t AN G A3} v F 2ol vls) EF CK 4 79
g Asl7} gflen, Hojd m& CK 849 Aol= a2
2] &Skt

EEFY A HEHE 285759 o8 ATP7L 723
HeM 3 F7109 s =7 43 S1eH 2o we
A, Qi o R 5 Tl U s =0t 343] $71et
W ZAHR4 cross-linkageZt 2k HA § o] At
He A0E 4 k™ B AT ME g g eel A
3 /NGRS S48, 2 23 ) I3l #
o3 Aol 7} BEAH A L3t

. 0
\_.\_.

A7 £54 BE BF FE it A6 A5
Ndolete ofn]oll A FmeAHETt ohye} Hlwhekal, A7}
3 Al FEAEME ] BaH gt & 7
M= 657 TR MR 25THE AX T ECEY

&& SCl H

A T8 A eIt 5 F8 S B
sled frelshAl 439 (p <0.0D), webA F3AA 7
24 SEEUL I AFAE T RS @
7} glgo] AYFHAJ EET T EETCTY
Al @FET GA] SCatol HlF] frolHog 7asts
279 ECTHE Aol7} I, wabr &5
= 7170 AAE Aol FhRe ¥ EEd #
%5}% X 2] ke Aeg Azt

L $% Fo| ZAERA 3= Y2EH
ol o] Aol Fite] FHHH A
94 "}"*35}7} °¥7151“1 %2= phosphorylase?] &4
Fo Aol EEAUXe Fo
HE xR ANE JAss Aes 4A g B
A¥e A}, EC, EE == EETCZY 8% 3snrt
SColl Hl3te tha e AFgE urle o SAA L
2 9 Aol opeH, ol 5 TSI 484
Zro] A Adefol A HAANEE AF3U7| T o= AL
=231

|

t_’o{r

N

(o]
?_"

Muscle glycogen (mg/g tissue)

SC EC EE EETC

Fig. 3. Muscle glycogen concentration of rats fed experimental
diets and/or aerobic exercise trained. Values are mean + SEM of 8
rats. *: Significantly different compared to the value for SC rats at p
< 0.01. SC: sedentary control group, EC: exercised control group,
EE; exercised and Eleutherococcus senticosus-supplemented group,
EETC: exercised and Eleutherococcus senticosus, taurine and car-
nitine-supplemented group.

4. 289 =835

THHQA A7 SF5FAR A HolmFAE HFHA
71 879 A v EIE Yo SHIAFEE AT
A7t Fig. 30 AA = Aot vlEZY 24F A4S
AR 37%9) fast-twitch oxidative—glycolytic fiber,
58%2) fast-twitch glycolytic fiber, 18] 1 5%¢] slow-
twitch oxidative fiber® FAS] Ith”? viE2e) 2=
Asre 7HHQA $FFEAL A ECTAA 7.0 + 0.22
mg/g2 Yeh, vleEuzRE SCE (4.9 £ 0.36 mg/g
tissue)oll HI3k 43% BE FrofshA o =34 (p <0.05).
wpetA] F7)2ke] FA AR fARY SEFES 3le H] &
<9 2 =A FFE e A AU E & F
ot 3HA, Aold] W& ZE|FA §Fe 2olg *—’57P§} 4
3, g2 el& A3 ECd ¥luA| EET (7.8 +0.21
mg/g tissue) = EETCT (7.3 * 0.14 mg/g tissue)
ANA T4 ¥ AFS o folg zlolE oA
o, B3 2 FlE2Y"e HeAgFd o AuxEn o



Al BEH A gttt

Aoz 59 SFYIAFEE A7Y 25T7E5Y
o 4L HAE gle2 dA Aotk & A7 A
EC#d »jsl EET 2 EETCTOIA B3 A7kA)e] A4
HET TP O AU E B8k, 259 282
A gl A oIzt BAHA F2 AL 1841719
TEAHAAN 258 HH AL, w2b 259 S
ol B8] ndHo| = HHdA FEE FHE Al
FE2A 4do] d= Aoz Atgdd

5. QAOA TAL &Y

TAHA A7y LeEAH T 6577 HonFAE
AHAANZ 83y FHAEH 7EE AFH 5 hex-
okinase, LDH ¥ CS¢} -2 a4l #d a9 248
ZA38Ht (Table 5). A2 80% ol/do] A< (slow-
twitch oxidative fiber) 22 FA =] Y= 71Au L F
A &% Al 7 Bl BUHE 282024 TCA 3|29
BostE B4 gAo] £ (fast-twitch oxidative-
glycolytic fiber)oll vl& €%53] Eo}.” 398, &£2d) &8}
© A2 Zfoe AR &5 A FYHE 159
vlgo] Y s foste G4 FAo] AT H
o val B o * webd B A sigato] oo
3= hexokinase®t LDH 842 £247%9 H| 8] &
A2 2ol A, Z28]1 TCA 3|2 Beddh= CS 842 A
A vl&o] & 7R 2 A Z47] A3

o5 AEZA SFGgAH Y 271GA ] 481 hex-
okinase 4<% A% 247, SC+ (5.35 £ 0.38 pmole/
g tissue), ECi* (5.58 £ 0.47 pmole/g tissue), EE#
(5.39 + 0.39 pmole/g tissue), I &3 EETCH (5.99 +
0.19 pmole/g tissue) 7l A2 zbol7} gl Zgl
24 EE ¥Ego] EdHo] ATPE dAshs A4A
Aol S83 okl AArt FFERA] XA FAkaA o
YA A7 A gPE]o] 5o gato] H451, LDH &4
o] F71atA dct. £ 479 A3, LDH 84 9A] hex~

o
p—
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okinase$} hH7IAE2 AFEtel 23 Z}o)7}
7 okt wpebA], A 7Y L 5FH BE o4y, JtE2Yd
2 eh-d 5 AAe 259 33N #93= hex-
okinase 3= LDH 844 932 VAR & Ao A
2+t

TFHHA fFita 5L AR AuA YAl #Ad
HEE=ol 49 848 F/HAIIEEA ATP 348
A2 #YPF 4§ JEF § £t CSt TCA 329
A GANA citrateE B AAE Fuljse TLE
A, FEHA fAkRA 59 9l FBke Aeg ¢
HAA AL” B @79 AHNE SFNREQU ECEY
7HAHZ CS 8440 56.8 £ 3.98 pmole/g tissue® SCT
(42.9 + 1.89 pmole/g tissue)dl B8l Frodoz =4 U
el (p <0.01), A8 A7AR"*9 dxstz g} &
H, Aold mZ CS 49 zlo]& A4¥EH, ECTl ]3]
EE# (59.5 + 3.09 pmole/g tissue) =5 EETCT (62.0
+ 3.54 pmole/g tissue)9llA] )3k Aol ol o,
thi 22 %S JERL,

AEZ o= §F}A ] #A3l= hexokinases} LDHE]
4L AN E5EY g8 99 BA o ¢,
FAEA AUA] S Y8 Fa3 H¥E G393 CS
o] A48 A fAaA EE5FAA I3 FsHA F
AL & 5 Aok EEEFEAY P HPS s
o e A9 A7 4o 40 J§E XA £
3t ok JHA Ay, B 4 FlEYd ] BHEA4
FAe 7MY G54 Al HlE olF A7EA] FRA AL
HAEY $4& 27 M7 AES B, BAF
22 Foijt AVA A= #3E R gsit

29 ¥ UE
7Lz, Bed 3 Ft2Udh Y] RSV AFEE

5 P50 nXe 9 2 8714 #9938
o, AHE vl EYET (sedentary control group, SC),

Table 5. Enzyme activities in skeletal muscles of rats fed experimental diets and/or aerobic exercise-trained

SC EC EE EETC
pmole /g tissue
Hexokinase 5.35 + 0.38 5.58 + 047 5.39 £ 0.39 599 + 0.19
Lacate dehydrogase 849 + 99 80.0 +12.0 777 9.5 910 *16.0
Citrate synthase 429 + 1.89 56.8 =+ 3.98* 59.5 + 3.09* 62.0 =+ 3.54*

Values are mean SEM of 8 rats.

+: Significantly different compared to the value for SC rats at p < 0.01.

SC: sedentary control group, EC: exercised control group, EE: exercised and Eleutherococcus senticosus-supplemented group, EETC; ex-
ercised and Eleutherococcus senticosus, taurine and carnitine-supplemented group



832/7HX 8.2 &) A FH 5 Y FAI

52T (exercised control group, EC), %711 %
Ao # T (exercised Eleutherococcus senticosus-sup-
plemented group, EE), 28|32 &57}A 2.4, €59,
F12UEHZT (exercised Eleutherococcus senticosus, tau-
rine and carnitine-supplemented group, EETC)<]
TOE UFI 67 ARSS § U 22 FES 4

D AL fAAA S5FEHES HAIRFECE (0.13
0.004)9] 4ejg-&2 SCT (0.19 =+ 0.007)o) w3l F9]
A @rer (p <0.01), EEZ (0.14 = 0.007) ==
EETC¥ (0.14 % 0.006)¢} Ao]&&2 ECT7 vl A|
ol gk 2pol7} QAth

2) H]1& BAH SR Fogt L opH o, H[EF
ZT (SC)8 A% itiA SFFUE 6577 AAS EC,
EE = EETCT ol Hl&) 312 HlE, S, 7iv]2 &
FA A2 AT FAZE 25 o] ¥ S Ve

3) AT7ELE FATHHAE Ad ECEY H¢ g
AR &5 X &AZke] 92 £ 8.8F 02 H|LFURT
(11 £ 0.8)ET 81& ol F9HesE o A=A
(p <0.001). 38, FHAH FEFEE W= FES Y
o7 Ho|RZd & &F TP xo|E Hriet A7}
FAAY] F8L JehtR ko, ECatel ity
EET (101 + 3.5%) B& EETCT (97 £ 4.82)0A &
2 AR FYAIzEe] o A Ykt e &
A FEEEE B FFAA A AYE AN
A3 23 A7 Y FY5E-& AR, 7HA ez
o b 2 Fl2YRE 83l BEAIZ A ol 4
FAaAA o7 ATYHEF FAEEY AuAaYg= #F
=7 Fdot.

4) 8F 92849 & AT 47, dEYel,
creatine kinase 84, §7190419 2 24 55¢ 734
¢ AR 25 Z Yol B o3 folg S
A gtttk ¢, ECY 9% Es SCrrth 930
2 o ¥sker (p <0.01), EC, EE ¥ EETCY ¥3
FEE T Aolrt fiith

5) HlB29] Y IAFET FHH E5-FEE A4
g ECE (7.0 = 0.22 mg/g)olA, HEEi=+9 SCT
(4.9 £ 0.36 mg/g tissue)dll v]3td 43% FE F+J5HA o
=43 (p <0.05), Wt A 2EFEY a3t ¢
FEAY. &4, dz2eolg A3 ECTd v|aA] EEF
(7.8 + 0.21 mg/g tissue) == EETCE (7.3 = 0.14 mg/g
tissue) 9] &% 28I FEE o3 o7t YR

6) &5 hexokinase ¥ LDH 842 #7179 fika
TEFA Hojol| o3} IS WA Fkont, A o

yA 2AE Hel T2 HEE FFike €S9 4L EC
@] ¢ SCell vl felatAl Frkatdtt (p <0.01).
g, EE = EETCT Y] 73 ECil vls] 7katv] 29|
CS @4l o & ALE nYoH TAAY frelde &
E R R
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