pISSN 1225-4339  eISSN 2287-4992

Korean J. Food Nutr. Vol. 33. No. 4, 363~371 (2020)

ﬁ}%kl I O=]O]-’(')']‘§]I]
://doi L1140 00 ™1
https://doi.org/10.9799/ksfan.2020.33.4.363 FOOD AND NUTRITION

THE KOREAN JOURNAL OF

RNL2AN A5ESS So0) A3 B X7 B4 21}
]

—_
(Azdvrel A4S 7le/ed Add+4,
Az AR EY 71T FAATY, T(A)EHEe| AR Te T AdATd

Improvement in Exercise Endurance by Hovenia dulcis Fruit Hot Water Extract in Mice

* + *%
Tae-Hyung Kwon, Joon-Hee Han, Sun-Yeop Lee and Keun-Hyung Yu
Researcher, Dept. of Research and Development, Chuncheon Bio-Industry Foundation, Chuncheon 24232, Korea
“Assistant Researcher, Dept. of Research and Development, Chuncheon Bio-Industry Foundation, Chuncheon 24232, Korea
“*Senior Researcher, Dept. of Research and Development, Chuncheon Bio-Industry Foundation, Chuncheon 24232, Korea

Abstract

This study was designed to evaluate the improvement in exercise endurance by Hovenia dulcis fruit hot water extract (HDWE)
for the potential application as a functional food material. The effect was based on the evaluation of the forced-swimming capacity
and changes in biochemical parameters in mice. Six-week-old mice were classified into four groups based on a randomized block
design: the negative control group, the HDWE 50 mg/kg body weight group, the HDWE 200 mg/kg body weight group, and the
1-octacosanol 50 mg/kg body weight group (n=8 mice per group). The swimming exercise time in the HDWE-50 group was increased
at 545443 sec compared to the control group at 263+28 sec. The HDWE-200 fatigue indicators, lactate acid and ammonia content,
decreased to 4.9940.33 mg/mL and 0.63+£0.05 mg/mL, respectively. In addition, the content of glycogen in the liver and muscle
tended to increase in the group administered HDWE but was not significant. Likewise, the LDH and glucose contents were increased
compared to the control group. The muscle damage indicators ALT (52.742.6 U/L) and AST (42.5£5.2 U/L) tended to decrease
compared to the control group (76.4+£10.2 U/L).
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el Gashd BF FRAA(hcose)t THOE F
H o] Zteket), ol old) WE FRALT} 12
= dAto] AJ7Iti(Jensen & Richter 2012). TS Z8-A|E
Yol 2% auiokammoniays 89 5% 7Ae} ¥
o] Q= FAA A4S =5l TCA(tricarboxylic acid
cycle) 2|2 W FAYA-EZ AsfistH, it B s}
o] 289 & {HAZItk(Seo 5 2016; Ko & Hyeon
2018). T3k W& A] 2Ake] A4S Sulishks B4 lactate
dehydrogenase(LDH)2] &AJo] Z715}H, o]L]o] alanine
aminotransferase(ALT), aspartate aminotransaminase(AST),
creatine kinase(CK), = &|o}E]d(creatinine) 5 3 W I =2
W EAFS 2 % 9l ol Ba AEBo] YckKim 5
2012; Na & 2013).

LEtFAR=(1-octacosanol)> AT EAAEZLZ YO K&,
A, AAAE, ZeAE 9 Fo] TREC] gleH, 71
graArEo] AFE7E 7H] 2AF(CH;[CH,CH,0H) 2
Edoltt. AFgo] A ALS sh= S HoF
stal A AR SRAA A SAFS ST+
AdK(Yang YK 20052)7F L&A lom, 7]& Ao H2
W FAE# A (Kaushik 5 2017) 2 5] 23]E 2H&(Yang &
2005; So & Choi 2007) 181 ZHAHE ZHE(Yang YK
2005b) & At A C = 3F of2] A A A+
A7 £2 Ao] BFAHEA AFoEtAA A 1 7]
S0l AAHA Utk o]F tE 7|5 HAES = o
7t Eis] APEJA=H), oAdF(Momordica charantia) 3
SEZ L AR Foisigle W AAIA 2448
49l AMPK(AMP-activated protein kinase)?] A4S &9l
SHaL, A4 AL GRS SRt &5 S
HI5FAtHKim 5 2016). £33+ Ak} a71S Kol 714
Q71 sE5AE HFT BFNA Rl Hs &5
Aol AlZko] F7toke RS ERlsHth(Sung 5 2014).
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S H|Y ¥l (hovenitin), =2} (frangulanine) 529] &3] 3
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AlZte] B Folstglon, I R eE &5
g FX 7154 AA715AE XY dER] SEEAL
= T §A(10% 1-Octacosanol, Shaanxi Xinheng Biotech
Co., Ltd, Shaanxi, China)& AFE3} T} & AGLE Y5t &
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43| 52l of FEAY 500 et FstATHS<
W3S Hallym 2019-20).
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A FE9 YA (weight-loaded forced swimming
test)> Th3 Tt o] HAAISHIHE &, ETtAY 2(90x45x
45 cm’)o] £9] ZolE 35 cm7} HEE 91, B 2%
25:1 C= FAISHAT AAEES AS9 5% sidst
FE AYSEY nEE@E)o] Mg & x4 5
AL, FRI9] I AFEEC] EH4 72
AL E HREA oe AHlE WS Ald &
Fd Ao 2d 7HE0 2 1584 £ 33 =9 FS &
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o R & )0l WigS & FAFFAIE S 571t st
10527 3]E3 $o] 2,2,2-tribromoethanol(St. Louis, MO,
USA)S tertiary amyl alcohol2 3]45lo] W= OlHAIE ARE
Sto] thEsk & QkotolA AT WL serum separate
tube(Becton Dickinson, Franklin Lakes, New Jersey, USA)]|
Hol 3087F A-oflA A5k 8,000 rpmofA 107 A
dpesld @de Bsiac 2 A7 ¥ dugEs
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). soleus muscle (SOL, 7FAt )8 A&skglm, B4 A
7HA] -80°Coll EEstitt.
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dA U glucose, ALT/AST, LDH, CK, creatinine $r-2
g HAYSFSHEA 7] (KoneLab 20 XT, Thermo Fisher Scientific,
San Jose, CA, USA)YE o] §3to] Z#aleicy. @4 W9 &
Hyol 2 ZHAF 3FEL ZFZF Ammonia Assay kit(Abcam,
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Cambridge, UK) ¥ L-Lactate Assay Kit(Abcam)< AR5
of AAE Hhgel Wet Zgstsict

7. 2 & 2AZ I 223U (glycogen) B2 EH
75} 2% 25 1] glycogen TS ZF3H7] Al 713
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PBSE Y o] homogenizerZ w35t #2135k &9

s
PN
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Ko g AREoIYTh &8 XML H &3 ZZHI(SOL)
o] 500 uL PBSE d©] homogenizerZ A 3}5I¥ . #2
35t 892 12,000 rpmO A 1027 Y4152 54

@5

2 29 2% 2RO AGIAATE 7F N BAZSOL)
Y glycogen =2 Glycogen Assay Kit(Abcam)E ARE-5k
of AAE o) wet S5k

8. SHIXzZI

A3 A7 SPSS 18.0(SPSS Corp., Chicago, IL, USA)
Z2 738 0]-8o}o] B (mean)tHE S X (standard error) =
ER oIt AIEEE Fol2at o)27e] Aol analysis of
variance(ANOVA) £41& A A|5o] Duncand] tHEEHYAA
H(Duncan’s multiple range test) .2 41513 TH(p<0.05).
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Table 1. Effects of Hovenia dulcis fruit hotwater extract on body weight in mice

Body weight (g) Feed Feed
0 week 1 week 2 weeks 3 weeks 4 weeks 5 weeks intake (g) efficiency

Control ~ 30.8£04™Y  34.4+0.6™ 36.7+0.7" 38.0+0.8"S 38.2+0.8™ 404+1.08  129.23+4.28"  0.070+0.008™
HDWE-50  30.4+0.6™ 33.3+0.8" 35.441.0M 36.9+1.0N 36.3+1.0M 383411 123.0942.89°  0.065+0.011™
HDWE-200  30.4+0.5™ 33.440.6™ 35.9+1.2N 36.9+1.0N 36.7+1.0N 39.040.8™  118.79+1.74°  0.073+0.008™

ocT? 30.6+0.6™ 34.340.7° 36.140.7%  38.0+0.9%  37.0+0.8" 39.4+1.08  131.13£L.71*  0.067£0.011™

) HDWE: Hovenia dulcis hot water extracts.
2 OCT: 1-Octacosanol.

3 Values are expressed as meantSEM (n=8) within same column followed by different letters are significantly different and NS are not

statistically significant at p<0.05.

Table 2. Effects of Hovenia dulcis fruit hotwater extract
on liver and skeletal muscles weight in mice

Skeletal muscles (g/BW)

Liver G - Sol
B astrocnemius oleus
(&BW) muscle muscle
Control 537+0.38™Y  0.063+0.002™  0.998+0.026™
HDWE"-50  5.36+0.53™ 0.053+0.009™  1.003+0.022™
HDWE-200  5.15+0.19™ 0.062+0.008™  1.065+0.031™
ocT? 5.38+0.38" 0.067+0.004™  1.066+0.025™

Y HDWE: Hovenia dulcis hot water extracts.

? OCT: 1-Octacosanol.

) Values are expressed as mean+SEM (n=8) within same column
followed by NS are not statistically significant at p<0.05.

A5 5%0] sigst= F5 o] vigol GXA|I7t
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Al 2634280t 2o H]s] SR
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Fig. 1. Effects of Hovenia dulcis fruit hot water extract
on swimming immobility time in mice. A weight of 5%
bodyweight was suspended from the tail of the mice and
then swimming in a water tank. HDWE-50, HDWE-200
and OCT means administration mice with Hovenia dulcis
hot water extracts 50 mg/kg, 200 mg/kg and 1-Octacosanol
50 mg/kg, respectively.

HIsHAo

2tL|O} (ammonia) EH2F0]| O|

%4 ?ﬂ Sfet 25
olzlat ol HAe] Fake
2 2= 9l shto] X EE AFRSEY QJTHKiIm 5 2019). E
ot AR 5l o8 AAZE B2E 7)1, 250 f=
Z4o] UEbe o3 A(glycogen)o] BAHEA 24
(lactic acid)9] o] Z7}Eo] &A=},

o
oft
o



Vol. 33, No. 4(2020)

FF2 8.6740.13 mg/mLo]

K N ES RN
BE A 24 gFe dzgol v £

A

L

Elol' EIOI‘

J| 2 OCT 5.75+0.35 mg/mLET}
A ety 53 858 Hole AOSRE YET o] 3
MFgu) 4
o] g oz dA i AL AdfstaL, o] I8 & o
2E #aste] &5 ATEE IS UEHTH(Table
3). o238t A¥= 1-Octacosanol® HITHAE FEES T4
HOE ot= EFEY A9 FH(Lim 5 2005) & #]7+9]
AF7F FARD 5ol HA = FF AH(Kim 5 2019)2}
AR %S Btk B 2500 9T lactate®] S7E
W23 FEolA UUFEEH E8FEEE Foio gt
A9 N2IEN 55 sl vA]= AFLt FARRE
dde EA(Na 5 2013).
a3 dEYoe] ok ESF XY A4 259 H=
L& 245 fote] 259 mE YRIEdE gzl 24t
7 3 &43kaL UthBachri 5 2009). ThFEE 0.81+0.04
mg/mLQ]- H| 15} HDWE-503} HDWE-2000]4] ZFZF 0.68+
0.03 mg/mL3} 0.63+£0.05 mg/mLE 32402 453 ch
(Table 3). o]:= JNUFEH dFFEE2 BF o= &F
Yool S Astoto] 1Y FHAIAS HojEth
Banister 5(1985)2] A7 olotd FHYol= 59 A=
H]& Y purine nucleotide cycleo]| QA =71 E 4 Y=
A og ¥yslT 9o, Bachr 5(2009) Qulz}, thAl @
U a5t S AXx Sg7 AFEES] ALY
oA AL A&l A= Gl et A5 &5t o
Tuyo} gtFol AAE B3t AFE9 F7HE YEITH
EZH Jung 5(2004)2 mouseE B 255 FEAEY
Duol HAE FAoAAL, AT Ao oot &5 T &
Tuyol= F7hskal, AUR dHEYok=s SFAEA 5482
FUote 202 HISHGH. o= & A9 S UG

Table 3. Effects of Hovenia dulcis fruit hotwater extract
on blood lactate and ammonia of mice after swimming test

AR Ee] A7 oy wat 367

#3229 grUol G gl BE A7 Foet KA
A% Borh

5. 2t W AT L B34 0| 0lxl= P

ZelTAe £ U AAe] BAT Y F FAT o
A0 Agste], B AGeIAE 7 24 Y] FeTA
ool BAMOR fo1H9l WekE giglot, nE S7bs)
L AT dehiglet 242 § 2934 3% £ =
23 UlE A BE 7R TS ek QlekTable 4).

(¢]

255 glycogen?] HE52 AAA w=2g L7)A st E3t
A% ¢5 5ES FASE 28 /ol o

(011)2] B3 Hole] A7 B4k w3 Aol el
glycogeno] N ZAEH X1 A7t HI, Q2 glycogen
2ol Z71E)e 259 A%1el SEo] P Aoz u
=3 glow, glycogen FAbA 25 H f4bA 2504
T BEHR A4 4SS 95to] 83t oxaloacetic acid
7ol o] 8= o A7 S 9 &5 a8 I8
3t Aoz W7 9t E3F Cho S(2017)2 Q0]Az
=g J7sto] ofAEAL #7114 B 71 5ol Aol
A tARE O] glycogeng S7HAA IAE 250 E==0] H
+ Zor Hstal 9tk ofd] & A 3t Ald=-Y F
o7F oUALY S8 229 S7t= [lste] AFEe] =&
o] HIE AR AtmdEH.

ol

s/

6. ALT/AST, CK, creatinine 83 X|Z0 O|Xl= Y&t

ASTS} ALTE= A9 HE A7)0 A8, ALT= 7|
749 ZEsE 25 A9 glutamate®] amino acidE pyruvateZ
AoJA7]= B2 XA A @Hlido] oJAE AMEdE
NES LT, ASTE FET L5 Fo| 2754 20
2 42A AvNa 5 2013). & AFoA iz E4
ALTS} AST A& 42.545.2 U/L, 76.4+10.2 U/Lo]gl 0™,

Table 4. Effects of Hovenia dulcis fruit hotwater extract
on glycogen of mice after swimming test

Glycogen (mg/mg tissue)

Lactate (mg/mL) Ammonia (mg/mL) Liver Soleus muscle

Control 8.67+0.13% 0.810.04* Control 0.20+0.02"59 0.013+0.001"
HDWE"-50 6.1120.50° 0.68+0.03" HDWE"-50 0.27+0.04™ 0.0130.002"
HDWE-200 4.99+0.33° 0.6320.05° HDWE-200 0.22+0.02 0.0160.001™
ocT? 5.75+0.35" 0.79+0.0° oCcT? 0.24+0.03" 0.018+0.003"

) HDWE: Hovenia dulcis hot water extracts.

2 OCT: 1-Octacosanol.

% Values are expressed as mean+SEM (n=8) within same column
followed by different letters are significantly different at p<0.05.

Y HDWE: Hovenia dulcis hot water extracts.

? OCT: 1-Octacosanol.

% Values are expressed as mean+SEM (n=8) within same column
followed by NS are not statistically significant at p<0.05.
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7. LDH, glucose &3 X|Z0| O|Xl= P&

LDHE= A|ZAo] EAot= QAT G424 BAFo=2
© AlZ9S SR Zoto] Al gt R wiEEA 2o
L, Alaeto] &4 A9 2 F716HA "t B3 LDHE
FAEA Aol A pyruvateZH-E lactate?] F4dS SHlist=
BARA 5T ol FS7HEY, pyruvateE ZAFCE A

ol - A2 A F Y G A
3A)7]= Ao A E LDH ST Zrlets Aoz 4

# 9ItKSong 5 2005). B ATLoA] tjx2o] &F LDH &
42 837.1+41.5 U/Lo]glom, A|FEZA Eo]Z(HDWE-50,
HDWE-200, OCT)oll4] @3 LDH 4L tjzxo] v|sf 7+
Aote AFS el w, |92 AolE UEtlAl=
Aotth(Table 6). ol= 88% Ex= A ES4]o] FFo]
LDH 24 ¥ lactate®] A& S5t A48 &5 A5
s 7T Ao /AR %S EtKSong &
2005).

AFES FAA717] o AL 58 84 F shrt
vy Agat Fgolct. SYIACE A= o] Ql= X
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Table 6. Effects of Hovenia dulcis fruit hotwater extract
on blood lactate dehydrogenase and glucose of mice after
swimming test

LDH (U/L) Glucose (mg/dL)
Control 837.1441.589) 114.546.2°
HDWE"-50 824.0+24.3" 139.8+7.2°
HDWE-200 820.5+64.5" 146.145.4%
ocT? 759.0:£48 8N 165.549.3°

Y HDWE: Hovenia dulcis hot water extracts.

2 OCT: 1-Octacosanol.

% Values are expressed as mean=SEM (n=8) within same column
followed by different letters are significantly different and NS are
not statistically significant at p<0.05.

Table 5. Effects of Hovenia dulcis fruit hotwater extract on blood ALT, AST, CK, and creatine of mice after swimming test

ALT (U/L) AST (U/L) CK (mg/dL) Creatinine (mg/dL)
Control 42.5+52%) 76.4+10.2° 178.0£15.0™ 0.37+0.01°
HDWE"-50 26.4+1.5° 52.742.6° 200.7+25.1 0.37+0.01°
HDWE-200 28.741.6° 56.4+2.5 264.5+56.0"° 0.38+0.01°
oCcT? 37.5+4.9" 76.0+7.1° 266.3+36.21 0.42+0.02°

Y HDWE: Hovenia dulcis hot water extracts.
2 OCT: 1-Octacosanol.

? Values are expressed as meantSEM (n=8) within same column followed by different letters are significantly different and NS are not

statistically significant at p<0.05.
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