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ABSTRACT - This study was to examine the antioxidative activity of fermented Rhynchosia nulubilis (FRN) in
obese rats. Oxidative stress due to reactive oxygen species (ROS) can cause oxidative damage to cells. Mitochondria
are especially important in the oxidative stress as ROS have been found to be constantly generated as an endogen
threat. Mitochondrial defense depends mainly on superoxide dismutase whereas microsomal defense depends on cat-
alase, which is an enzyme abundant in microsomes. Seven weeks-aged female Sprague-Dawley rats were divided into
four groups and fed high fat diets for 44 days. Also fermented Rhynchosia nulubilis was administered orally for 44
days at 7.5 ml/kg of body weight of rats. The antioxidative activities of fermented Rhynchosia nulubilis were mea-
sured by the superoxide dismutase, catalase, malondialdehyde levels in liver homogenate. The levels of malondialde-
hyde in FRN-treated groups were lower than those in obese groups. Superoxide dismutase and catalase levels were
significantly increased. These results demonstrated that fermented Rhynchosia nulubilis had the inhibitive effects of
oxidative stress in obese rats, suggesting that fermented RAynchosia nulubilis would be used as an ingredient of the

useful functional products.
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Materials and Methods

DPPH radical 27183 =%

akslebd o] A9l A% radical 42AE4d (radical
scavenging activity)< BloisV2] W& W sl g A
EH A7]2o gt 1,1-diphenyl-2-picrylhydrazyl (DPPH)
o] AAFATLE S8 &, FEE] &Y 3|4
A 50 wlell 0.15mM DPPH €9 52 of&hg 150 pl& 3
7¥ste] F el Hu7t 200 w7t HES S o] v
< A2(25°C)ll A 30 7F WS - 96 well plate reader
7171(AT/Infinite M200, Tecan)E AF&-3le] 517 nmollA &
FEE =43 F ol o} & 2]o 2 DPPH radical £
ALL AT FANETLOE 3,5-di-tert-4-butylhydro-
xytoluene (BHT, Sigma, USA)S A}&-313it}.

ot

DPPH radical scavenging activity(%) =
{1 -(S-SB)(C-CB)} x 100

S: Absorbance of sample

SB: Absorbance of sample blank

C: Absorbance of ethanol

CB: Absorbance of ethanol blank

$ 9= UT 5%

% ZY9E LS Folin-Denist 72 5-&315th 2H7
10,000, 1,000, 500, 100 pg/mle] E=% 823 F 5|4
800 plell 1 N Folin-ciocalteu's phenol reagent (Sigma, USA)
100 pl& F71ste] & &3tal 2-2(25°C)oll 3 #7+ 1
2 3FA . 200 pl€] 10% sodium carbonate(10% Na,CO,)
£ Eete] AdoA 1 AIZE Bt P E AT &

LAY
N

Boay weigh (g)

Table 1. Experimental design of rats

Experimental day 11-54 day 11- 54
group food intake dose of sample

NOR(6) %2 g/day of Normal diet 7.5 ml/kg of water-fed
intake

CON(6) 42 g/day of High-fat diet 7.5 ml/kg of water-fed
intake

FRN-E(6) 2 @/dayofHigh-fatdiet ;5\ orFRNfed
intake

FRN-B(6) fnzt ag]f:ay of High-fatdiet &\ 1o of FRN-fed

NOR: Normal control group

CON: High fat diet treated group

FRN-E: Fermented Rhynchosia nulubilis extracts (100%) and
high fat dietary group

FRN-B: fermented Rhynchosia nulubilis extracts (8%) and high
fat dietary group

96 well plate reader 7]7](AT/Infinite M200, Tecan)E ©]
&3ate] 725 mmollX FFEE S8 T FeEE §
e oekgo) 19l Gallic acid® HEF&%=71 0, 50, 100,
150, 200, 250 pg/ml®] H =5 3t 725 nmollX FEE=E
At EFHEFFAE AHdsiien, T s ¢

22 ng gallic acid equivalents(GAE)/mlZ YeER AT},

N
Aol ALSE BE ARE 7] at (FB)RRURFE

sglom BEAGE e 2tk WA A=
2 AHaT 5 A7 B SRR AN, 3

e NOR
e CON
FRN-E
s FRN-B

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 4 4 2 43 4

Fig. 1. Comparison of body weight of rats for 44 days. NOR: Normal control group, CON: High fat diet treated group, FRN-E: Fer-
mented Rhynchosia nulubilis extracts (100%) and high fat dietary group, FRN-B: Fermented Rhynchosia nulubilis extracts (8%) and high
fat dietary group. The number of experiment aminals is given in parenthesis.
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T3t 3L (Table 1), =3+ Al wid L Azl &
AeFAth(Fig. 1).
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¥7)8e] A3k THTable 1). 10 47F FL717-5 717
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Eato] 7)) eE Rlstar, st oA S )
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S, 7F TS —74°Col] Hate] Ao ARG

DX Ao} =}
FEELRANA A Ao]E FY 3o Aol =
/18 Table 29} Zt}.

2t XX = superoxide dismutase (SOD)EX =7

SOD &4 49 £42 Beauchamp$} Fridovichd V<]
HYE o] w2l 0.2 M K-phosphate buffer (pH 7.4)E
6720 pl, 1 mM xanthine 100 pl, 1% sodium deoxychlorate
300 pul, 1.5 mM KCN 300 pl, 0.2 mM cytochrome C 1500
ulE 9 T3t sample 80 ulE ¥, xanthine oxidase
A 10 plE €2 ¥ Elisa (Microtiter plate reader, Mole-
cular Devices Co., Sunnyvale, CA., USA)E ©]&3}] 550
nmol| A 9] FF % WHEE 2 & w5 ST 24
A= superoxide dismutase standard (Sigma Co., USA)

Table 2. Formulation of high-fat diet

PRODUCT mg % kcal %
Protein 26.2 20
Carbohydrate 26.3 20
Fat 34.9 60
Total 100
kcal/gm 55.24
Ingredient mg keal
Caseun, 80 Mesh 200 800
L-Cystine 3 12
Corn Starch 0 0
Maltodextrin 10 125 500
Sucrose 68.8 275.2
Cellulose, BW200 50 0
Soybean Oil 25 225
Lard* 245 2205
Mineral Mix S10026 10 0 10 0
DjCalcium Phosphate 13 0
Calcium Carbonate 5.5 0
Potassium Citrate, 1 H,0 16.5 0
Vitamin Mix V10001 10 40
Choline Bitartrate 2 0

Total 773.85 4057

Formulated by E.A, Ulman, Ph.D. Research Diet, Inc.
Typical analysis of cholesterol in lard = 0.95 mg/g
Cholesterol(mg)/4057 = 232.8

Cholesterol(mg)/kg = 300.8

i
=3

Folo = Abgstel M ST

It XX = catalase (CANS] T =4

CAT &4 &4 5742 AebiH"o 2 FH3H3T
3716l SkA] E’\Ql Fgol W A7 g e
&S Aot A 58 T A sAulEolA TP £
2I7F Hole FMulES AdEste] SA S 1.9 mle]
PBS (0.05 M, pH 7.0)%} 0.1 ml¢] 7+ &3S 3 7}s}o]
Z &9ttt 3t ¥ H,0,89 1 mlE A7Kst F Elisa
(Microtiter plate reader, Molecular Devices Co., Sunnyvale,
CA., USA)Z o]&3lo] 240 nmollA 1 & 30 27+ =43
o} CAT 84%9] #7|= Umg protemp_i kSTt

N ot J[N'
lo 1x o

1t XX1Z malondialdehyde (MDA)S] d%

7Fe] MDA X+ Ha®] HHH ™o wat 1 mle] sodium
dodecyl sulfate(7% SDS)$} #2313+ 7+ A& 0.5mlzt &
gttt 37°C, 30 &7+ WEgAIZ1 ¥ 0.67% thiobarbituric-
acid A|2FE 2ml F7tste] Sk Al7F B9t B SollA 7t
gttt 71E F A W Al H FEE Smlg H
7F8FaL 3000 rpmell A 10 #7F 94 Hejec) 94 #
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F 42Ag Askd 5350mel HPelN FAEES 24
(Microtiter plate reader, Molecular Devices Co., Sunnyvale,
CA., USA)3IATH xFE Ao 2= 1,1,4,4-tetra-ethoxy-
propaneE AH&-3F3IT.

A gk B A3 dye FHEX9 ZFUAE
VeI, BAE #-24S IBM SPSS Statistics Ver. 20
(IBM, NY, USA)E ©]&3t one-way ANOVAE 73}
O™ AlF AZ OS2 Duncan’s post-hoc test?} t-testS 2
AlBEFAAL o142 p<0.017 p<0.0012 3Tt

Results and Discussion

DPPH radical 271} £%
g A EE]e] DPPH radical 27483 A3= Fig. 29
72t W AEe 97]29 DPPH radical 24 &3+ 2zt
7} 22.18+0.63%, 10.65 +2.47%, 4.93 +0.63%, 3.56+0.17%
olw, &g MEH FFNME 2 6.37+0.54%, 3.77 +
0.73%, 2.87+0.15%, 1.80+ 1.20%= W& A ZE] 72
7} &g MEZe SEHXT} DPPH radical 24 Z A7} =9k
o, T FE 23ttt
- T Aol WEH, et A EH dF FE=9
DPPHol| th3l Az}l 5e 17} 2718k ulel 2715}
2& A T%%% 73.05%, 7+ FEES 57.70%=
2 AFANE AREE AEET7E dFETY = AR
7% e
Dordevic 5¥2] oA wH

EAo7 7+Ah

Bz W 2 599 DPPH

DPPH radical scavenging activity (%)

Fig. 2. Scavenging activity of fermented Rhynchosia nulubilis
and BHT on free radical. FRN-B: Fermented Rhiynchosia nulubilis
extracts (8%), FRN-E: Fermented Rhynchosia nulubilis extracts
(100%), BHT: positive control. All the values were expressed as
means £ S.D. (n=6), a,b,c,d,e are different (P <0.01) group by
one-way ANOVA followed by Duncan’s post hoc test.
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Z} 229.08 +0.73 pg/ml, 36.84+0.57 pg/ml, 18.74+0.05 ng/
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77.01 £ 0.60 pg/ml, 35.76 + 0.41 pg/ml, 12.74 + 0.08 pg/ml,
10.02£0.06 pg/ml2 Ta AMEE] A7]27 2g A&
gaRT EUdE 3] o wov], FEs} 225
= Zelsls Fe] Esith

o} 5e] Qo] olstw, B4 F EedsE
4.17+0.11 mM gallic acid equivalent2 7}°¢ =4 e
ow, 21 9 thF 2FS] A "WF(2.310+0.09 mM gallic
acid equivalent), % =7(1.785+0.07 mM gallic acid equiva-
lent) ¥ F(0.585+0.03 mM gallic acid equivalent) 5=
Ee)ols ol ¥ vekstt.

Arellano-gonzalez 579 A7¢] W=2H, $8E5 1A &
& A= 335+ 71 wi(glkg)el L, HaS 3 7M—t— 3224+
30.1 w(g/kg)EXA TR E 3 797}t o 52 IS UE
Wtk oo wt & AellM e Ladt AMEEE ARkt

fei3 ato]
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Z10]149] CAT 2y e}

CAT= H,0,5 7574¢] H,0& A7 AY methanol,
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Fig. 3. Contents of fermented Rhynchosia nulubilis on total
polyphenol. FRN-B: Fermented Rhynchosia nulubilis extracts (8%),
FRN-E: Fermented Rhynchosia nulubilis extracts (100%). All the
values were expressed as means + S.D. (n=6), a,b,c,d,e are dif-
ferent (P <0.01) group by one-way ANOVA followed by Dun-
can’s post hoc test.
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Fig. 4. Effect of fermented Rhynchosia nulubilis on CAT levels in
liver homogenate. NOR: Normal control group, CON: High fat
diet treated group, FRN-E: Fermented Rhynchosia nulubilis
extracts (100%) and high fat dietary group, FRN-B: Fermented
Rhynchosia nulubilis extracts (8%) and high fat dietary group. All
the values were expressed as means = S.D. (n = 6), ***means each
group was significantly different (P <0.001) for the value of
CON in student’s test.
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Fig. 5. Effect of fermented Rhynchosia nulubilis on SOD levels in
liver homogenate. NOR: Normal control group, CON: High fat
diet treated group, FRN-E: Fermented Rhynchosia nulubilis
extracts (100%) and high fat dietary group, FRN-B: Fermented
Rhynchosia nulubilis extracts (8%) and high fat dietary group. All
the values were expressed as means = S.D. (n = 6), ***means each
group was significantly different (P <0.001) for the value of
CON in student’s test.

= Fig. 59 72t} Aol 86.33 £0.58 nmol/mg protein
2 YERa iR 70.33 £ 0.58 nmol/mg protein, 2
AEE) A7) HFHTEE 79.20 + 7.26 nmol/mg protein, 2
g AMEH 25 AFHTS 84.22 £9.40 nmol/mg protein®
g MEE AFH 2 SOD A 7F vzl B8] 55.4~
86.8% Z7tste] Aozl 35S HTh

F 529 Ao mEW o] SOD &40] 9.84+
2.50 U/mg protein®] 2L, @& 55 200 mgkg 3 7F=ol
] 16.47 +3.06 U/mg protein® 2 40% Z7}3ch 2 A
oAl gt Hi= HAF e SOD o] § EgtomR b
TR AEZE 7L 7kl 9] SOD Bl A5 a7t IS
Ao =2 o =%t}

o] F3ll Ta A&EE]7} ZHlAe] SOD &4 F7H
T5S T Ao® AlEH.

2ol 2] MDA H3t

AR A L oxygen radicalsoll ]3] B E 3R] Hbakol A
doju= AW S 2 oxygen radicals®] ZFHZ el 24
Hop= H o] EA stoll superoxide®t H,0,] 35 2Hg-
of e8]l F8== OH%I oJ8ll 7HH A2 o, o9
FH E378247F DNAY Al eto|t). MDAE 2¢ke] 7}
S0l AU, EAHlE dod F o, IR vhE
Ao] H2 free radicalEL o8] 71 Alxe] =93 1A
AEE, & AW AxE, DNA, 99 F 58 WA=
Ao dHA AT

HIYES F23 rate] 7F @ AA MDA &4 W)
= Fig. 63 2t} Adto] 22.32+1.13 nmol/mg protein
2 Yehg Y tlZFS 35.05 + 1.23 nmol/mg protein, T&
AEE 7]~ HFHEE 23.57 £ 1.12 nmol/mg protein,
& AHEH S8 AFHS 2377+ 1.14 nmol/mg protein®



388 Gui-jeong Bae and Bae-jin Ha

40.00
35.00 -

30.00 -

25.00
20.00 -
15.00 -
10.00 -
5.00 -
0.00

FRN-E FRN-B

MDA level (nmol/mg protein)

Fig. 6. Effect of fermented Rhynchosia nulubilis on MDA levels
in liver homogenate. NOR: Normal control group, CON: High fat
diet treated group, FRN-E: Fermented Rhynchosia nulubilis
extracts (100%) and high fat dietary group, FRN-B: Fermented
Rhynchosia nulubilis extracts (8%) and high fat dietary group. All
the values were expressed as means = S.D. (n = 6), ***means each
group was significantly different (P <0.001) for the value of
CON in student’s test.

ol vls) 88.6~
BT,
Foze

TR MEE AFe] MDA A7t izt
90.1% raxste] Gigatel 77k FAE

d TP AFolA = MDA & FE&
228%, Y& FEE 9 A& FE2E FoL2 18.53%,
30.1%% 74A3He BYon, F Axd FATZS 13.25%
28 FEES A% RE FE2EAM FoA A
A% HATh 2 AfolAe] viwt = 2F 9] MDA%
o]  #Asgorg Alxdrt MEEH 7 X" 3Aks)
AAl] o a7t A Aoz o SHTh

o|& B3l R AEEH7} AHIEE JAEseE AL
2 Algdn.

O OF
a5

2

2 AT = FErRE FHollA IE AEE o] gHitst
2HE A7) AAste] AlF 175 ¢] SDAl 4 315 24
u],ﬁg EH)\]'OE ;(—1)\]- ‘_’ 1;(] 1—}\10] =, g—;{{ }\1%1:,“ glﬂ
71 g &, U8 A EH 38 39 2OE E/5H 54
I7F AFESIATE. in vitro A4S oM = BE A EH)
A7) 27F = &4 2 S JEPNTH in vivo 3AFS)
G = TE AEE HFH ol A2 o] xR o
H|3l| CAT, SOD &4 2 A4S BE3on, MDAZS
e A4E B o9 e AAE Tl 2E A5
7F kst a4l] FUHR AR AASE A
Rk opuet, A f tiAbRA A AR E HisE R
H AR =4S Bt 4 H2F 9 75S 3 EA
1 Ao 2 Atgdr.

Md

O

N rlo Mo

References

1. Aebi, H.: Catalase in vitro, In: Packer L, ed methods in Enzy-

w

10.

11.

12.

13.

14.

15.

16.

. Beauchamp, C. and Fridovich, L.

mology. N. Y. Academic, 105, 121-126 (1984).

. Arellano-gonzalez, M. A., Ramirez-coronel, M. A., Torres-

mancera, M. T., Perez-morales, G. G. and Saucedo-cas-
taneda, G.: Antioxidant Activity of Fermented and Nonfer-
mented Coffee (Coffea arabica) Pulp Extracts. Food Technol.
Biotechnol, 49, 374-378 (2011).

Superoxide dismutase:
improved assays and an assay applicable to acrylamide gels.
Analytical biochemistry, 44, 276-287 (1971).

. Blois, M.S.: Antioxidant determination by the use of a stable

free radical. Nature, 26, 1199-1200 (1958).

. Carillon, J., Romain, C., Bardy, G.,, Fouret, G, Feillet-

coudray, C., Gaillet, S., Lacan, D., Cristol, J. and Rouanet, J.:
Cafeteria diet induces obesity and insulin resistance associ-
ated with oxidative stress but not with inflammation:
improvement by dietary supplementation with a melon
superoxide dismutase. Free Radical Biology and Medicine,
65, 254-261 (2013).

. Choi, S. H.: Pharmacological and Molecular studies of Atra-

cylodes japonica Koidzumi on anti-oxidant activity, M. S.
Thesis, KyungHee University, 1-29 (2011).

. Doh, E.S., Chang, J.P., Kil, K.J., Choi, M.S., Yang, J.K., Yun,

C.W, Jeong, S.M., Jung, Y.H., Lee, GH.: Antioxidative
Activity and Cytotoxicity of Fermented Allium victorialis L.
Extract. Korean J. Plant Res., 24.,30-39 (2011).

. Dordevic, T. M., Siler-Marinkovic, S. S. and Dimitrifevic-

brankovic, S. I.: Effect of fermentation on antioxidant prop-
erties of some cereals and pseudo cereals. Food Chemistry,
119, 957-963 (2010).

. Folin, A.D. and Denis, W.: A colorimetric method for the

determination of phenols (and phenolderivatives) in urine. J.
Biol. Chem., 22,305-308 (1915).

Ha, B.J. and KIm, M.H.: Effect of Chondroitin Sulfate on
Collagen Maturity and Aging. J. Food Hygiene and Safety,
14, 45-54 (1999).

Ha, B.J., Kim, H.J., Lee, S.H., Ha, .M., Lee, S.H., Lee, J.H.,
Lee, D.G, Park, E.K. and Nam, C.S.: The Hepatoprotective
Effects of Epimedii Herba through the Antioxidation. J. of
Life Sci., 15, 572-577 (2005).

Ha, B.J.: Effects of Rhynchosia molubilis Saponin on Hepa-
totoxicity and Pathology. J. of Life Sci., 16, 186-191 (2006).
Ha. B. J.: Studies on the Antilipidperoxidation effect of Bra-
zilin and Hematoxylin. Ph. D. Dissertation. Seoul university,
Seoul, Korea (1985).

Hong, J.Y., Shin, S.R., Kong, H.J., Choi, E.-M., Woo, S.C.,
Lee, M.H. and Yang, K. M.: Antioxidant activity of extracts
from soybean and small black bean. Korean J. Food Pre-
serv., 21, 404-411 (2014).

Kang, M.H., Lee, J.H., Lee, J.S., Kim, J.H., Chung, HK.:
Effects of Acorn Supplementation on Lipod Profiles and
Antioxidant Enzyme Acticities in High Fat Diet-Induced
Obese Rats. Korean J. of nutrition, 37, 169-175 (2004).
Kang, S.A. and Han, J.A.: Acetycholinesterase Inhibiting
Effect and Free Radical Scavenging Effect of Soybean(Gly-
cine max) and Yak-Kong(Rhychosia nolubilis)*. J East



17.

18.

19.

20.

21.

22.

Antioxidative Effect of Fermented Rhynchosia nulubilis in Obese Rats 389

Asian Soc. Dietary Life, 14, 64-69 (2004).

Kim, H.J.,, Lee, S.G,, Park, S.J., Yu, M.H., Lee, E.J., Lee,
S.P., Lee, 1.S.: Antioxidant Effects of Extracts from Fer-
mented Red Ginseng Added with Medicinal Herbs in STZ-
induced Diabetic Rats. Korean J. Food Sci. Technol, 44, 367-
372 (2012).

Kim, J. D., Lee, B. 1., Jeon, Y. H., Bak, J. P,, Jin, H. L. and
Lim, B. O.: Anti-Oxidative and Anti-Inflammatory Effects
of Green Tea Mixture and Dietary Fiber on Liver of High Fat
Diet-Induced Obese Rats. Korean J. Medicinal Crop Sci., 18,
224-230 (2010).

Kim, J. Y., Shin, M., Heo, Y. R.: Effects of Stabilized Rice
Bran on Obesity and Antioxidative Enzyme Activity in High
Fat Diet-induced Obese C57BL/6 Mice. J. Korean Soc. Food
Sci. Nutr., 43, 1148-1157 (2014).

Kim, Y.H., Lee, Y.J., Park, S.O., Lee, S.J., Lee, O.H.: Anti-
oxidant Compounds and Antioxidant Activities of Fer-
mented Black Rice and Its Fractions. Korean J. Food Sci.
Technol, 45, 262-266 (2013).

Kobayashi, M.M., Fujita, H. and Mitsuhashi.: Components
of Cnidium officinale Makino: occurrence of pregnenolone,
coniferylferulate, ferulate and hydroxylprthalides. Cham
Pharm. Bull. 23, 3770-3773 (1984).

Kwon, C.S.: Antioxidant Properties of Red Yeast Rice
(Monascus purpureus) Extracts. J. Korean Soc. Food Sci.

23.

24.

25.

26.

27.

28.

Nutr., 41, 437-442 (2012).

Park, H.J., Nam, J.H., Jung, H.J., Lee, M.S., Lee, K.T., Jung,
M.H., Choi, J.W.: Inhibitory Effect of Euscaphic Acid and
Tormentic Acid from the Roots of Rosa rugosa on High Fat
Diet-Induced Obesity in the Rat. Korea J. Pharmacogn, 36,
324-331 (2005).

Park, J.W.,, Lee, Y.J. and Yoon, S.: Total flavonoids and phe-
nolics in fermented soy products and their effects on antiox-
idant activities determined by different assays. Korean J.
Food Culture, 22, 353-358 (2007).

Ryu, B.H., Park, J.O., Kim, H.S. and Lim, B.G.: Activity of
Superoxide dismutase(SOD) by fermented soybean. Korean
J. Life Science, 11, 574-581 (2001).

Shin, M.K. and Han, S.H.: Effects of Methanol Extracts from
Rhynchosia nulubilis on serum Lipid Concentractions in
Rats fed High Fat and High Cholesterol Diet. Korean J.
Dietary Culture. 17, 64-69 (2002).

Sim, Y.S.: Effects of Paeonia suffruticosa Extract on Antiox-
idation and Activation of Caspase on Human Lung Cancer
cell A549. M. S. Thesis, Dongguk University, 1-39 (2015).
Sung, K.S. Chun, C., Kwon, Y.H., Kim, K.H. and Chang,
C.C.: Effects of Red Component on the Antioxidative
Enzymes Activities and Lipid Peroxidation in the Liver of
Mice. J. Ginseng Res., 24, 29-34 (2000).



