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Neuroprotective Activity of Fermented Oyaksungisan

Jin Bae Weon, Jin Yeul Ma', Hye Jin Yang and Choong Je Ma*

Department of Biomaterials Engineering, Division of Bioscience and Biotechnology,
Kangwon National University, Chuncheon 200-701, Korea
'TKM Converging Research Division, Korea Institute of Oriental Medicine, 483 Exporo, Yuseong-gu, Daejeon 305-811, Korea

Abstract — Korean traditional prescription, Oyaksungisan was usually used to treat rheumatoid arthritis, paralysis. In this study,
we compared the contents of five major components, ephedrine HCI, ferulic acid, hesperidin, 6-gingerol, glycyrrhizin and var-
ious unknown compounds in Ohyaksungisan (OY) with fermented Ohyaksungisan (FOY) by established HPLC-DAD method.
The neuroprotective activity against glutamate-induced cytotoxicity in HT22 cell of OY and FOY was investigated by MTT
assay. And anti-oxidative activity of OY and FOY was measured by DPPH radical, hydrogen peroxide and hydroxyl radical
scavenging activity. After fermentation, contents of five major components and some unknown compounds (1), (2), (3) and (4)
were increased in FOY. Also, FOY showed more potent neuroprotective activity. Furthermore, anti-oxidative activity of FOY
was increased. In conclusion, the fermentation of OY could change contents various compounds and improved its neu-

roprotective activity.

Key words — Ohyaksungisan, Fermentation, Components, Neuroprotective activity, Anti-oxidative activity
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. SPEAIAE L] il @ ok Ak
HEH ABAZ AR AT B
QokETIAe B FEES B E5F
3 dhgtepd el gk eh a3
7128 wlBH(Ephedra sinica), X3 (Citrus
unshiu), 2 2¥(Lindera strichnifolia), 3(Cnidium officinale),
W 2] (Angelica dahurica), 733 (Bombyx mori), A2+
(Citrus  aurantum), A 73(Playtcodon grandiflorum), 717
(Zingiber officinale), 7¥Z(Glycyrrhiza glabra), 73 (Zingiber
officinale) 12|31 WZ(Zizyphus jujube) Z 773 =] At

Tael e AEHSe Qoker)ata e ARG
Aoe] Fadie] A W F55 Huistelar AwE0 &
= Szt Al w3 s ook B Ay
M= LE7|Ake Akl s daA AT A FAE

o] g EAE flal A A oA F AEALE
HPLCE 53¢ /W82 B £4Ho| &R1¥ wlsH(Ephedrine

hydrochloride), A 7}(6-gingerol), 7+Z(glycyrrhizin), =] Z}
(hesperidin) 2] 32 H-F(Ferulic acid) = 41733t} (Fig.
). HE A5o] AT T oE Ao o wst
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Fig. 1. Chemical structures of five marker constituents in Oyaksungisan.

£ ShE HPLC #4S 8l Hlal 4 slal dw A
To] Qokp7|Ake] glutamated] = A4HSH AEFAZ
FE HAE AE Hez8-g SA sk H|wsitt 3 3
Akl EAdo] W3l 28l HAIH ME Bezkedle]
AE Rttt

I:él-

=

p
It

Aot o ME - ook IMke Skl lolA Al
WAtk HPLC ﬁﬁ:% 9]t gvl= HPLCH Al9FS ARS8t
Aot B0l AMgE FFEF 5 ferulic acide Sigma(USA)
ZRE 73192, ephedrine HCI, 6-gingerol, glycyrrhizin,
hesperidint= 2] FFPAA S 2 7Y FYsIiTt. 7t £
F B9 8% ol &2 UERNTE. Dulbecco's modified
Eagle's medium(DMEM)3} fetal bovine serum(FBS)<
Gibeo BRL. Co.ZH-E] Y33 tt. Glutamate®} 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carbboxylic acid(trolox), 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide(MTT),
2,2-azinobis(3-ethylbenthiazolin)-6-sulfonicacid(ABTS), 2,2-Di
(4-tert-octylphenyl)- 1-picrylhydrazyl(DPPH)+= Sigma(U.S.A.)
EHE FYsisinh
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2 w13 6g 19 6g, 29
6g AT 6g WA 4g, WA 4g, X2t 4g, A7 4¢g, 7
7 2g AE 1.2, A7 3%, tiF 20E FAC 108l 3)
ke Aol Hof 1 AIZF HAAZ 3 180 & €% F=

skt

7|8 BE - Qo7 & F2=8 1 M NaOH
& olg3le] AA2] pHE 8.002 43 ¥ 121°CoIA 15
B2 7P v, RS HEsielnh 2aE fEl
o452 A-E Lactobacillus acidophilus KFRI 1282 3+

’-\1]%03“?%01]7\1 °o‘: wiekth, Wy A, #4F
&< 37°C 25l A 23] Al
Hlj 5—75_01]’\1 Hj el g w =)ol HEF3Tt. 34
27)14S 1-5x 10’ CFU/ml & 93 & 7.5 ml9
TFE 750 mle] ¥ Qoker|All HEsle] 48 Al &
b 37°CellA e

wg ME 2ow7|4 MEEM - HPLCE DionexAHe]
A 2® S ARE3E T, Al 2282 pump(LPG 3X00), auto
sampler(ACC-3000), column oven(TCC-3000SD), diode array
UV/VIS detector(DAD-3000(RS))Z 74 =t #4]
35°ColA] LUNA C18 column(5 um, 250 x 4.60 mm)—
& 35ttt o] %42 HPLC #2418 water2} methanol
S o] 8393, flow rate= 1.0 ml/min® 2 3T} o5
Z72 Table 19 Zﬂ AlE]o] T} UV wavelength= 7} A
AR HY UvEs 3 32 32331 ephedrine HCI
£ 207 nm, hesperldm 3} 6-gingerol= 250 nm, glycyrrhizin
+ 280 nm 28] Ferulic acide= 320 nm% A3} sl
£ 3ol A zF R FAIE-2] peak areaS =73t} A
= 0Y2t FOY?| 15 A=) 543 5, 60% methanol
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Table I. Gradient condition of mobile phase for chromatographic
separation

Time 0.1% TFA Water MeOH Flow rate
(min) (%) (%) (ml/min)
0 80 20 1.0
10 80 20 1.0
15 65 35 1.0
30 50 50 1.0
40 35 65 1.0
50 35 65 1.0
60 30 70 1.0
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o =] 10 mg/mlZ 3} TE HPLC ¥4 7 0.45 um filter
2 o3st & 20 pl Y3k A4S

HT22 M=Zoliet & =ME 25 &8 8 - AH vt
el AlZETR] HT22 A= At 2 e Fdsie] A
31tk HT22 Al ¥+ 10% FBS7F H7Fe DMEM 4]
£ ARE3ted 5% CO, #Y7] WAl 37°CollA] i atsit.
GlutamateZ. 2% 540 tigt HAXZ BHE &8 =4
8t3L2F MTT assayS A3 sttt HT22 Al £E 48-well
platedl] 6.7 x 10* cells/300 piE E338lo] 24 A7+ w3l 5
A&, Trolox(positive control) <} glutamateE 37}st F 24
AIZE B2t vt vl 5 XS A|ASIL MTT assay
E A3t HAE BE 8248 relative protection(%)
2 UePIth 542215 ANOVA testsS 2231t}

DPPH Free Radical &7 &4 &3 - vgkgol] 7} A|
EE o &7 FAE A Q150 poll H el =<l
0.4mM DPPH &9(150 plyS 7}3te] A--2] 9halof W]
gtk 308 ¥ 517 nmollA¢] F3% S8 disiA|
Q1 L-ascorbic acid= positive control®Z ARE-= T
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Hydrogen Peroxide 271 &4 && —96 well micro plate
of &0l ojs] &7 54 ¥ A 5(80 pul), 0.1 M phosphate
buffer(pH 5.0, 100 u)Z 23 10 mM H,0,(20 hZ 713l
37°CeA 52 wREAIFE. 2 Fol 1.25 mM ABTS(30 pl)
9} 1 U/ml peroxide -ase(30 plyS 7}ste] &8k 3 37°C
oA 1087 BESAIZ] 3 405 nmeld] T3S 24619

Hydroxyl radical 27 &4 &8 - 10mM FeSO4-7H20
(200 pl), 10 mM EDTA(200 pl), 10 mM 2-deoxyribose
(200 S E3e EES Bo o WA slaE A F
(200 u)<} 0.1 M phosphate buffer(pH 7.4)E 713t F3F
S 1.8 mlZ 3L H,0,(200 uhE H7F 5 37°Coll A 4417k
B9k WA 71T} BkS- 5 2.8% TCA (1 ml)#} 0.1% TBA
(1 me] Ao H7ist & 62 o 1027 FXA1

F, 532 nmellA FEEE AU

A1 o 0@
WS NS QORRT|A MEEM - uE A0 ok

Table II. Contents of five marker compounds in the OY and FOY

Content (pg/mg)

Ephedrine HC1 Ferulic acid Hesperidin 6-Gingerol Glycyrrhizin
oYy 3.17£0.612 0.54+0.026 2.324+0.025 0.18+0.003 1.137+0.010
FOY 3.02+0.083** 0.45+0.001*** 2.17+0.006*** 0.11+0.011%* 1.05+0.013

*p<0.05, **p<0.01, ***p<0.001 vs. OY (ANOVA)
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Fig. 2. The HPLC chromatogram of OY (A) and FOY (B). (1 = 250 nm, 2 = 280 nm, 3 = 320 nm)
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Ake] AEled AdEe] WskE A7) 218l €¥ HPLC-
DAD BARATHES o] &3l3ith. 22ke714F (Ohyaksungisan,
oY)} Ha % Qeke714t (fermented Ohyaksungisan, FOY)
o] 57 N8RS ¢ E4 AIH= Table 1o YERY
91‘:]’. FOY-/] ;q ﬁxg%_q sLako] pr/] ;(]ﬁ/\-]l'?‘gq sLakE
T} 4.98~37.94% 7H4319tE OYSF FOYZAdel gt HPLC
ols] RH tifst AEE Foll FOYlA
7k A

chromatogram= &+
Unknown compounds (1), (2), (3), (4)¢] Ad+o]
< 1 & 5 AU (Fig. 2).

HT22 MZdiek & =8B MEZES 2 53 -ovst
FOY?] glutamateZ 238 520 2]k HT22 cellol] tst
B3 A4S A OYE 10 pg/mlZ 100 pg/mloil A
747} 795% 9k 1620%2] A E B3 245 Jeh AL
FOY: 10 ug/mlrJr 100 pg/mlol A 747k 2331%SF 16.26%
S S JepITE ¥l A3 10 pgmloﬂ/ﬂ
199. 50%9} 100 pg/mlo A= 037%2] ZS7H&S EATh
FOYY] | AlZH S o] oYY HME HE ’\él-ﬂ_l:} kT
e okl AL ERISIAT) (Fig. 3).

gist 2d £ - st 24E vl SAsh] el
DPPH radical 271 24, hydrogen peroxide 227 4 1
23 hydroxyl radical 227 B4 =243} vl =4
Z 3}, DPPH radical 2271 4 7} hydrogen peroxide 4x7]
g4 Z2Ho|X = FOYZF OYETE ¢k7le] g4 =712 Vet
WAt Hydroxyl radical 227 €/d¢] A%, FOY7} OY°l

25
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Fig. 3. The neuroprotective effects of OY and FOY on
glutamate-induced cytotoxicity in HT22 cells. HT22 cells were
treated with 10 and 100 pg/ml of OY and FOY then incubated
for 24h with glutamate (2mM). Positive control, trolox
(50 uM) exhibited relative protective activity (95.64 = 8.19%).
Each bar represents the mean+SD of three independent
experiments. *p<0.05, ¥**p<0.01, ***p<0.001 vs. OY (ANOVA)

%

Atk (Fig 4).
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Fig. 4. Anti-oxidant activites of OY and FOY. (A) DPPH radical scavenging activity, (B) Hydrogen peroxide scavenging activity,
(C) hydroxyl radical scavenging activity. *p<0.05, **p<0.01, ***p<0.001 vs. OY (ANOVA)
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HAR AERS 243 gHikst A9 Aol & Bl w4
&tttk HPLC-DADS §3ll a d5o] 2 okerhs

A8k A3}, 5714 A 3EAJH2] ephedrine HCI, ferulic acid,
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AJH-2] 73%-, unknown compounds?! (1), (2), (3), (4)2] S+
go] F7kkith HE A5o HAE MERS A7) &
2st BAS vl A4S Aol dE A7) 9ok |4k
o] HME MEES EAo] UE HET F7tsiien &
2kl S ST ARA R W o5k 9oke|
ko] BE|gA At W3 WA AlZRS A3 it
3} &4 9] gl 71ogt Ao g e}, Egt gkl &
e AHE S8l L%wrIAke] HAAH MErs d4do
HT22 cellell 9] 2ksla] 2Eg 2o o]gh Al Abds} 3

o] 9 oz AL FF WE AFe] AP T A

~
=]
R

-

e e BA0) PR T3 I 2 A5 B
sl #8 o g A7t aslolel ¥ Aoz AR

.
A A

2 A7 el edrde] ATH (K09040)el <
sl T

o
eIEE

o

1. Coyle, J. T. and Puttfarcken, P. (1993) Oxidative stress,
glutamate, and neurodegenerative disorders. Science 262:
689-695.

2. Satoh, T., Enokido, Y., Kubo, T., Yamada, M. and Hatanaka,
H. (1998) Oxygen toxicity induces apoptosis in neuronal
cells. Cell. Mol. Neurobiol. 18(6): 649-666.

3.

(9,

10.

11.

Kor. J. Pharmacogn.

Smith, C. D., Carney, J. M., Starke-Reed, P. E., Oliver, C. N.,
Stadtman, E. R., Floyd, R. A. and Markesbery, W. R. (1991)
Excess brain protein oxidation and enzyme dysfunction in
normal aging and in Alzheimer disease. Proc. Natl. Acad. Sci.
USA. 88(23): 10540-10543.

. Choi, D. W. (1998) Glutamate neurotoxicity and diseases of

the nervous system. Neuron. 1: 623-634.

. Davis, J. B. and Maher, P. (1994) Protein kinase C activation

inhibits glutamate-induced cytotoxicity in a neuronal cell line.
Brain Res. 652(1): 169-173.

. Braun, S., Liebetrau, W., Berning, B. and Behl, C. (2000)

Dexamethasone-enhanced sensitivity of mouse hippocampal
HT22 cells for oxidative stress is associated with the sup-
pression of nuclear factor-kappaB. Neurosci. Lett. 295(3):
101-104.

. Liu, J,, Li, L. and Suo, W. Z. (2009) HT22 hippocampal neu-

ronal cell line possesses functional cholinergic properties.
Life Sci. 84(9-10): 267-271.

.Lee, D. I, Lee, S. Y. and Moon, Y. H. (1966) Studies on the

Anti-inflammatory and Analgesic Activities of Ohyaksung-
isan. Kor. J. Pharmacogn. 27: 184-189.

. Hyon, J.-S., Kang, S.-M., Han, S.-W., Kang, M.-C., Oh, M.-

C., Oh, C.-K., Kim, D.-W., Jeon, Y.-J. and Kim, S.-H. (2009)
Flavonoid Component Changes and Antioxidant Activities of
Fermented Citrus grandis Osbeck Peel. J. Kor: Soc. Food Sci.
Nutr. 38(10): 1310-1316.

Cha, J.-Y.,, Yang, H.-J., Jeong, J.-J., Seo, W.-S., Park, J.-S.,
Ok, M. and Cho, Y.-S. (2010) Tyrosinase Inhibition Activity
and Antioxidant Capacity by Fermented Products of Some
Medicinal Plants. J Life Sci. 20(6): 940-947.

Doh, E.-S., Chang, J.-P,, Lee, K.-H. and Seong, N.-S. (2010)
Ginsenoside Change and Antioxidation Activity of Fer-
mented Ginseng. Kor. J. Med. Crop Sci. 18(4): 255- 265.

(2010. 12. 2 T3, 2011. 1. 20 AL, 2011. 1. 20 AIXHEY)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


