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Effect of Dietary Supplementation of Two Tonic Formula
on the Forced-Swimming Capacity of Rats

Tae Cheol Song, Daeseok Han*, Chang Ho Lee, Young Eon Kim,
Kyung Ah Jung, and Hae-Yeong Kim'

Korea Food Research Institute
'Department of Food Science and Biotechnology, Kyung Hee University

Effects of two types of formula designed for commercial product on forced-swimming capacity and related
biochemical parameters of Sprague-Dawley rats were evaluated. Treatment groups were fed diet supplemented
with 4.56% formula A (EFA: exercise-trained and formula A-supplemented group) or B (EFB: exercise-trained

and formula B-supplemented group) for 4 weeks.

All groups were regularly trained twice a week to be

accustomed to swimming. After 4 weeks, each group was divided into two subgroups: 90 min swimming (90-min
subgroups) and swimming until exhaustion (all-out subgroups). Serum was collected, and skeletal muscles were
dissected out after swimming. Forced-swimming time until exhaustion was significantly longer (p <0.05) in EFA
and EFB groups than that of exercised control group. Among 90-min subgroups, serum ammonia level of EFB
group was significantly lower than that of exercised control group (p <0.05). Among all-out subgroups, serum
lactate levels were not significantly different among exercised control and treatment groups, whereas serum-free
fatty acid levels of EFA and EFB groups were significantly lower than that of exercised control group (p <0.05).
In conclusion, EFA and EFB groups enhanced forced swimming capacity of rats by increasing fat utilization and

delaying accumulation of serum fatigue factor.

Key words: animal experiment, ergogenic aids, tonic formula, swimming capacity

M

z
0

well being’ 319 o] ¥R, A4E

o] Ao wsted of g ol ko) ZE.
& THAaEel uer AA7EAES v
FAdstA =t 97L:1 65028 FEIA AA
P 2000 1380829 B2 AHES Vel
io] xﬂﬁ] /\]xPo] 85%2 x};qﬂg;»q
AAsE MRETE FAle= wEEa
47}7]‘:‘/\13 /\]zol» 0_111}\] 97\ [IMF
Al fE:E o), dAA] S| A
FAeItk(). FAAL &F5H 7Y
28] flg wHde o AR
olgk ¥ 7

}

S
[

4
ol EL
2

@ N g lo ok
fo o off Lo
il

;
o—ﬁE

>

E

A%

o
N :‘E_ o,
OLE o
oL
S
M Ho
o ¥

ﬂl

e
-
%0

o, ﬂ«

Dl
=
>

S

o 4 Flo
5:.

ot
£V
t
~N
S
oX
ol
%0
fr S

af

=
b
o

ra
o
o

Az

>,
~
Iy
g [
o
oo
H o &
o o -
hu
e H
Hd 32
JE eH

o
k)
o

*Corresponding author: Daeseok Han, Korea Food Research Insti-
tute, San 46-1, Backhyun-dong, Bundang-gu, Kyunggi-Do 463-420,
Korea

Tel: 81-31-780-9246

Fax: 81-31-780-9226

E-mail: imissu@kfti.re.kr

648

T 5 dlasty] 9t HuIEE ASTAEA B HekAE
S AZale AFo] ok Al A AAFCR AFEE AFE
o] o] &¥ glov}, F2 wFA Ao tigh v T <
Eshe Aol Wil 1% (placebo) AT AE3t Jlow WA
HA UhR3). 3, £55ESY 24 AF 2 59 olf=
Egshe 2HREolE AT 25 AshAl ¥ olxA Tol of
Bol| 7l FAZEE, AR, 328 w9 o] 59
F2rg-8 ofn| of] A RarE wh k).

HA, EEAF 5 54 AZA A=Y $55dlT
2 S 913k 4lo] WA (nutritional ergogenic aids)E A5
o, dUA B, A2y, 25 St 28y Agda 5
o] H4 9 o]f2 UuIEdA HIBIHNE S5, ZE (bar)
D)3 BUgEe AEEL &5 AW OPL]E}, AR g
Az E4A A7 ol2HTHS). HA st F 5
T FHE A HoliEAE +F F A4FeE EHg ¢
5 5 Agh AHA] =4& HAsT

AzA 2

JEAE o1z



g, o Hopag

214 5ef 7)5Ade] BaEHEA
Af A 7HHE AL ATk(5-13).
AYTEE o83t F2&o]
E 22 24 WEES FAS L, o EE
$EFHEE NS A% HolnzEEAMe &% ¥ VHKE
Brlste &5 oAE giFdE AFSE A% 712 AR =
e 2Ho7 9t}

AR

P 2 4

“

o

Mz A

Y
AEKE 3 a4 o]

AZF 180g WY Sprague-Dawley % BFHEGFIHEE
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% U2 F(exercise-trained control group, ECPlAlE iR ol&
+93519tt. &% 2 formula A F9](exercise-trained and for-
mula A-supplemented group, EFA)?} &% % formula B ¢
*(exercise-trained and formula B-supplemented group, EFB)v-
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Table 1. Diet composition of experimental groups (g/kg diet)
Group”
Ingredient"
SC EC EFA EFB

Corn starch 367.5 3675  361.0 383.9.0
Dextrinized cornstarch 132.0 132.0 132.0 132.0
Sucrose 100.0 100.0 100.0 100.0
Casein 200.0 2000  200.0  200.0
L-Cystine 3.0 3.0 3.0 3.0
Soybean oil 100.0 100.0 60.9 38.0
Mineral Mix 35.0 35.0 35.0 35.0
Vitamin Mix 10.0 10.0 10.0 10.0
Cellulose powder 50.0 50.0 50.0 50.0
Choline bitartate 25 2.5 25 25
Formula A - - 45.6 -
Formula B - - - 45.6

DTert-butylhydroquinone (140 mg/kg diet) was added to pervent
oxidation.

PSC: sedentary control group, EC: exercise-trained control group,
EFA: exercise-trained and formula A-supplemented group, EFB:
exercise-trained and formula B-supplemented group.
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FAF7E RREATE Aol AR AF FHES 150 subgroups) dF-3t o, e & B3 w7 A sG]
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Table 2. Diet composition for formula A and B
Formula A" Formula B
Material Composition (%) Material Composition (%)
Squalene 20.0 Medium-chain triglyceride 69.4
Saururus chinensis Baili extract 15.0 Octacosanol 0.7
Eleutherococcus senticosus extract 15.0 Red Ginseng extract 10.0
Paecilomyces japonica extract 15.0 Rubus coreanus extract 35
Kola nut 10.0 Eleutherococcus senticosus extract 35
Taurine 10.0 Kolanut 35
Phosphatidylcholine 2.0 Taurine 3.5
Glutamine 4.0 Phosphatidylcholine 0.4
L-Arginine 4.0 Glutamine 1.7
L-Carnitine 5.0 L-Arginine 1.7
L-Carnitine 1.7

"Squalene (Semo Co., Lid., Seoul, Korea), Medium-Chain Triglyceride and Octacosanol (Wellga Inc., Seoul, Korea), Red Ginseng extract,
Eleutherococus senticosus extract, Rubus coreanus extract, Saururus chinensis Baili extract, and Paecilomyces japonica extract (Dasong Food
Material Co., Ltd., Seoul Korea), Kola nut (Sam Jung Flavor Co., Ltd., Seoul, Korea), Phosphatidyl choline (Doosan Co., Ltd., Seoul, Korea),
Taurine (Dae heung Pharm Co., Seoul, Korea), Glutamine and L-Arginine (Daesang Co., Seoul, Korea), L-Carnitine (Tae Kyung Food Co., Ansan,

Korea).
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SR BlE2e] FYIA FHF AL anthroned (16)L:
olgsled EAEIAT) &, dAFF] 7 e 282 FHsld 30%
KOH &9of ®s)A|7)42, 100°CS] %—;‘E%OH A 2087 SH &,
A2 A 2087 HAISA LR o37)e)] 95% eSS 713k
3,000 pmellA 1027 482 itk ARES SH5FE A
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HRAZTE BE XEEAS o]t 620 nmollA vlAA
AA8EA, E%E'Tﬁ S 2EH glycogen FEE ArE3IAT)

tlo T

AN 3 ¥cg T =3
Medisense, USAYS- ©]-&-3e] E-Al&1g

7](Precision QID,
o, FElAHARE CoA

enzymeH (17)& o] kit(d A3}8HF), Korea), A&
Trinder’d(18)S o183 ki(FEA Y, Korea)® EA38l5T).

M2ad: 9% FoRlte E2lEd A2 (19E o8 kit
(Bio Clinical System Co., Korea), creatine kinase(CK)= UV-
Rate'§(200& o83 kit(Bio Clinical System Co., Korea),
ammonia‘; indophenol'H (19)y& o4 kit(o}:FA2KF), Korea)

A5 2W Jactate= (Lactate kit, Roche, Switzerland) =
%*(EE}Q'%@, 7](Cobas Integra, Roche, Switzerland)Z ©]-&&}<]
A B A TH19).

BAEA: 2429 lactate dehydrogenase(LDH) 2492 Pesce
8 QDA ATt B2 B85, citrate syn-
thase(CS)2] B2 Srered] W (22)S F8 3t} 71 w])2o) A
AT} 4] EA4E umolig tissue/mineE VERAQITE

A2

HE dlo]EE SPSS 100 T2 WL o]&3le] Meant SDE
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+40.64 g}l AFo] FIHOR W ARE HATHp<0.05).
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Fig. 1. Change in body weight of rats fed experimental diets for 4
weeks.

SC: sedentary control group, EC: exercise-trained control group,
EFA: exercise-trained and formula A-supplemented group, EFB:
exercise-trained and formula B-supplemented group. Means with the
different letter within a column are significantly different at p < 0.05
by Duncan’s multiple range test.

Table 3. Food intake, body weight gain, and food efficiency ratio
of rats fed experimental diets for 4 weeks

Food Intake Body weight
Group" . FERY
P (gday)  gain(g/day)
SC 2266+1.122  6.40+0.84™ 0.28+0.03
EC 22.851t1.56 6.43 +0.90° 0.26 +0.08
EFA 23.56+0.90 6.02 £0.89° 0.251+0.03
EFB 22.2441.66 537+1.02° 0.24 +£0.06

"Refer to Table 1 for abbreviations.

YValues are Mean + SD.

YFER (Food efficiency ratio)=Body weight gain for experimental
period/Food intake for experimental period.

“Means with the different letter within a column are significantly
different at p <0.05 by Duncan’s multiple range test.
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Fig. 2. Swimming time to exhaustion in rats fed experimental
diets for 4 weeks.
Refer to Fig. 1 for abbreviations. Means with the different letter
within a column are significantly different at p < 0.05 by Duncan’s
multiple range test.
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Table 4. Liver glycogen concentration of rats fed experimental
diets for 4 weeks

Skeletal muscle glycogen

1
Group concentration (mg/g tissue)
90-min subgroups
SC 0.32+0.047
EC 0.32+0.02
EFA 0.35+0.04
EFB 0.34+0.04
All-out subgroups
SC 0.30£0.05
EC 0.31+0.04
EFA 0.341+0.03
EFB 0.29x0.06

YRefer to Table 1 for abbreviations.
YValues are Mean + SD.

Ao, £ AvE scad ECae) 24 Felan 9w
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Table 5. Serum energy factors of rats fed experimental diets for 4 weeks

Group" Glucose (mg/dL) Free fatty acid (meq/L) Triglyceride (mg/dL)

90-min subgroups

SC 87.14+ 12287 1241.43£111.88") 156.96 +20.89"

EC 76.00+10.44 1249.71+193.02° 159.86+14.83"

EFA 81.86110.46 91.00+106.70° 147.01 +17.99°

EFB 83.57+20.33 1110.86 +273.30® 12649t 14.10°
All-out subgroups

SC 41.711£16.54 800.86 + 86.64° 137.10+£31.02°

EC 40.43£11.15 844.29 +79.08° 100.03 £ 9.83°

EFA 46.71£19.11 546.86+71.63° 89.68+ 8.11°

EFB 36.57+10.10 599.14+62.81° 93.79+17.62

"Refer to Table 1 for abbreviations.
DValues are Mean £ SD.

*Means with the different letter within a column are significantly different at p <0.05 by Duncan’s multiple range test.

Table 6. Serum fatigue factors of rats fed experimental diets for 4 weeks

Group" Lactate (mg/dL) Inorganic phosphate (mg/dl.)  Creatine kinase (U/L) Ammonia (ug/dL)

90-min subgroups

SC 53.07+26.307 10.71x2.61 140.30 £ 40.06*> 159.56+32.23°

EC 57.67+17.71 8.69+2.28 108.69 £ 38.07® 160.51 £26.30°

EFA 553012248 8.89+0.75 90.11+9.52¢ 162.47+8.52°

EFB 61.90+23.15 8.17+0.52 112.24 £19.64% 112.71 +26.45*
All-out subgroups

SC 87.83+38.24% 13.671£1.56 326.00+ 84.13° 360.26 £59.71°

EC 81.20+20.50 1254t 1.14 179.54+31.47° 287.24 £44.69*

EFA 82.00£24.55 11.64+1.56 226.71 £107.93* 252.11£39.09°

EFB 9476 £27.77 12.86+1.42 236.43 £22.45% 302.19£47.90°

"Refer to Table 1 for abbreviations.
DValues are mean £ SD.

"Means with the different letter within a column are significantly different at p <0.05 by Duncan’s multiple range test.
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Ulfﬂt}l AT 2B o] T AR A
Zg8ptal B389 th 90-min subgroups®)
by’ EC:TL 8.69+2.28 mg/dL, EFA 8.89+0.75 mg/dL 12|
3 EFBT 8.17£052mgdL® 7t 27+e] fel2¢l ole B

o|x] ergkor HgoleltobA] A ECE 108.69+38.07 U/
L, EFAZ 90.11+£9.52 U/L Z18]1 EFB 112244 19.64 ULE
ZF 27ke] f9FHel Aole Holx] it ol 90EAHe &
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7}e 9EAI7ke] opdS YehlE Rolgt A dF ¢

Vole) EE¥E EFBE(112.71 12645 pg/dL)ol EC(160.51+
26.30 ug/dLyell Hlsle F3kA W FRE BACH(p<0.05)
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Table 7. Activity of skeletal muscle enzymes of rats fed
experimental diets for 4 weeks

Activity of skeletal muscle enzyme
Group" (umol/g tissue/min)

Lactate dehydrogenase  Citrate synthase

90-min subgroups

SC 16.72£0.83% 2127 £1.65¢
EC 15.66 £0.90° 17.91+1.40°
EFA 13.50£1.19° 16401 1.51°
EFB 14.15£0.92¢ 13.92+2.58°
All-out subgroups
SC 13.00+0.84 28.02£2.62°
EC 13.23+1.25 22.77+2.52%
EFA 14.67+£1.48 21.324+1.44°
EFB 13.63+1.21 23.81+1.04°

"Refer to Table 1 for abbreviations.

?Values are Mean £ SD.
YMeans with the different letter within a column are significantly

different at p <0.05 by Duncan’s multiple range test.
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