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In this study, the optimal extraction conditions for three medicinal herbs as functional sources against in—
flammatory and arthritic diseases were developed. Traditional medicinal herbs were screened for their inhibition
of hyaluronidase (IHAse) activity and nitric oxide (NO) synthesis. For the screening of anti-inflammatory proper—
ties, ethanolic extracts of 53 species of traditional medicinal herb were examined. We confirmed that Astragalus
membranaceus (A.R.), Schisandra chinensis (S.F.), and Platycodon grandiflorum (P.G.) inhibit NO production.
For extraction from all three herbs simultaneously, an ethanol concentration of 95%, a 1:2:1 mixture ratio, and
at 50 rpm mixing speed, for over 12 h and at 30°C was the best condition for optimal extract yield and NO
inhibition effects. HAse inhibition from the three herb extraction was three fold higher than single samples.
The ethanol extracts were fractionated with various solvents (n-hexane, chloroform, ethyl acetate, n-butanol,
and water). The ethyl acetate-soluble fraction of the herb mixture showed the highest extract yield (13%) and
NO inhibition effects (73%). In conclusion, this study provides experimental evidence that a mixture of P.G.,
A.R., and S.F. could be used as a source of antioxidant ingredients in the food industry.
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Table 1. List of medicinal herb with anti-inflammatory and/or anti-allergic effect

Scientific name Used part Yield (%)  NO inhibition”  HAse inhibition®
Acanthopanax sessiliflorus Seem. Rhizome 4.1 42.3 196£1.7
Achyranthes japonica Nakai Radix 75 25.1 182+04
Angelica gigas Nakai Radix 149 -9 180+15
Angelica koreana Max. Root 43.0 27.6 —
Aralia cordata Thunberg Radix 6.4 86.0 —
Astragalus membranaceus Bunge Root 4.6 40.2 67.2+0.7
Atractylodes japonica Koidz. Rhizome 7.7 34.7 —
Citrus unshiu Markovich Fruit 10.0 33.0 —
Celosia argentea L. Seed 6.6 17.7 —
Chaenomeles sinensis Koehne Fruit 154 57.0 376+15
Chrysanthemum zawadskil var. latilobum Leaf 4.6 89.4 —
Cinnamomum cassia Blume Root 3.1 40.7 —
Clematis mandshurica Rupr Root 18.4 28.6 —
Cornus officinalis Sieb.et Zucc Fruit 289 26.8 —
Coix lacryma-jobi L. var. ma-yuen Stapf Seed 25 39.9 —
Crataegus pinnatifida Bunge Fruit 28.6 45 —
Cyperus rotundus L. Seed 20.0 28.4 —
Dendrobium moniliforme Stem 5.0 24.1 —
Dictamnus dasycarpus Turcz Radix 169 38.1 —
Dioscorea batatas Decaisne Radix 0.5 - -
Solanum melongena L. Fruit 3.0 215 —
Erycibe obtusifolia Benth Cortex 55 355 —
Fucommia ulmoides Oliv. Cortex 45 54.3 —
Gardenia jasminoides Ellis var. grandiflora Nakai Fruit 359 21.9 —
Gentiana scabra Bunge var. buergeri Root 44.0 50.4 —
Panax ginseng C.A. Mey. Root 10.3 9.6 333+15
Glyeyrrhiza uralensis Fisch Radix 10.3 45.1 —
Poria cocos Wolf Wolf 6.3 2.6 —
Kalopanax pictus Nakai Cortex 3.3 -19.3 169+1.2
Ledebouriella seseloides Wolff. Root 3.3 439 -
Ligustrum lucidum Aiton Fruit 39.3 35.1 —
Perilla frutescens Leaf 4.6 73.4 —
Lonicera japonica Thunb. Flower 58.4 - —
Loranthus parasiticus Merr. Cortex 15.1 34.8 —
Lycium chinense Mill Fruit 8.7 23.4 -
Taraxacum platycarpum Radix 12.1 — —
Morus alba L. Stem 7.4 39.9 -
Paeonia obovata Maxim. Leaf 159 - 35.7
Paeonia lactiflora Pall. Radix 4.0 17.3 42.4+3.1
Phellodendron amurense Ruprecht Cortex 136 145 —
Pinellia ternata Thunb. Breit Tuber 6.3 43.3 89+24
Polygonum multiflorum Thunb. Radix 17.0 145 —
Platycodon grandiflorum A. DC. Radix 15 84.7 —
Pueraria thunbergiana Benth. Root 129 -13.0 15.7£0.8
Cimicifiiga heracleifolia Komarov Cortex 9.9 52.8 -
Rehmannia glutinosa var. purpurea Radix 4.3 6.5 —
Schisandra chinensis Baill. Fruit 274 15.1 50.6+2.2
Scutellaria baicalensis Georgi Radix 3.3 36.2 64.7+0.7
Siegesbeckia glabrescens Makino Leaf 26.8 39.0 —
Smilax glabra Roxb. Rhizome 2.4 39.2 —
Sophora flavescens Ait. Radix 1.0 29.8 —
Tetrapanax papyriterus K. Koch Stem 6.3 34.0 —
Zingiber oflicinale Roscoe Radix 6.3 29.9 —

YNO inhibition was represented as % against control 0.1 M acetate buffer (pH 3.5, 5% DMSO): Inhibition effect (%)={(Ac—As)/

Ac}x 100+ SD.

Z)Hyaluronidase inhibition was represented as % against control 0.1 M acetate buffer (pH 3.5, 5% DMSO): Inhibition effect (%)=

) {(Ac-As)/ Ac}x100+SD.
YNo effect.
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Table 2. Extraction yields and inhibition activities on NO synthesis in LPS-induced Raw 264.7 cell of each Astragalus mem-
branaceus (A.R.), Schisandra chinensis (S.F.), and Platycodon grandiflorum (P.G.) ethanol extracts according to the various

reaction conditions (%)
Yield NO inhibition activity
AR. SF. P.G. AR. SF. P.G.

Not grinded 7534045 1887+0.32° 1.17+025°  56.83+0.38° 88.30+0.26" 87.70+1.82°

<0.85 823+0.23" 3794035 143+016*  74.30+0.26° 87.00+0.46° 89.87+0.32°

Particle size (mm) 0.85~2 813+0.32"  37.3£026°  1.40+0.00°  74.10+053" 8650+£0.50° 8397 +0.50°
2~3.36 7.67£0.30° 36.77+£0.32°  1.00+£020"  63.07+049" 79.93+051° 89.33+0.31°

>3.36 757+£0.06°  433+1.74° 053+015"  62.80+026" 66.23+3.27° 89.07+0.81°

0 26.63+0.21" 56.80+0.61" 42.03+057°  5847+1.40* 21.00+£0.20° 56.83+1.76"

Ethanol 125 2877+£1.16" 5497+0.84™ 41.37+1.12° 5500+0.26" 20.40+0.36" 55.53+0.90
concentration (%) 25 2763+0.25" 5463055 4583+1.16°  4927+1.19° 1837+0.76° 18.03+0.21¢
° 50 23.30+0.70° 57.57+0.38" 39.27+0.32 7.90£0.26° 20.93+0.38" 46.87+0.25°

95 627061 4263+0.32¢  440+06lc  42.03+055° 61.00+0.44* 64.03+£0.21°

20 20.60+0.66" 4250+056" 39.90+0.17°  57.73+0.42" 41.93+0.15" 57.67+0.31°

Extraction 30 23.831£0.32"  43.20+0.26™ 40.83+0.23"  60.10+0.35" 41.93+0.12* 60.17£0.31°
. ture (°C) 40 23.80+0.17* 43.77+0.21° 41.10+£0.10% 56.73+1.88" 4050+0.70® 5897+1.71°
emperature 50 2373+0.32°  42.83+0.06™ 41.20+0.30°  57.70+0.26" 40.20+0.46" 58.30+0.70°
60 23.83+0.38"  42.83+0.38" 4056+0.67" 56.70+0.17° 40.60+0.62" 58.67+0.42°

6 2247+055" 24.43+049° 4833+021"  57.33+2.04" 54.30+1.06"° 11.43+0.90°

12 22.07+142° 2983+152% 4927+1.19° 5857+1.19" 47.30+£1.39° 50.80+0.95"

18 20.87+0.21" 3693+055™ 56.80+0.80"  59.33+0.98" 4357+051" 56.43+1.55%

Extraction time (h) 24 21.83+167* 3850+046° 4993+015" 56.73+1.88" 42.37+1.31° 5817+3.00°
30 2170+£159" 4297+1.33" 50.60+046" 5857+1.19"°  9.03+150° 60.77+£2.05"

36 21.90+157* 3397+0.32° 5093+1.03"°  49.27+1.19° 9.77+085" 5843+1.20°

42 22.80£1.30" 3547+0.12° 4320+046°  4583+1.16" -2 46.93+2.31°

48 20.90£0.26° 36.13+093% 4247+146°  23.80%0.17 - 58.23+0.67°

DValues are expressed as mean+SD (n=3).

PNo effect.

“IMeans with the different letters in the same column are significantly different (p<0.05) by Turkey HSD test.
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Table 3. Extraction yields and inhibition activities against nitric oxide synthesis on RAW 264.7 cell of the herb medicine

mixture extracts according to the various reaction conditions (%)
Mixture
Yield NO inhibition activity
1:1:1 41.60+0.56"" 47.43+0.49"
Mixt " 1:2:1 42.90+0.35" 47.33+0.86"
( A”;“Tg Irf ,1‘1’3 c) 1:1:2 43.93+0.06" 39.83+0.15
A A 2:1:1 38.47 +0.65° 455340.45
2:2:1 4153+047 43.00+0.35°
0 28.13+0.55° 39.70+0.20¢
125 38.07+1.22° 51.93+0.21
Ethanol concentration (%) 25 33.83+0.38" 46.17+0.21°
50 24.40+0.26° 37.87+0.15°
95 3.93+0.21° 71.63+0.47°
3 29.40£0.44 285040.44°
6 32.70+0.36° 39.83+0.31™
9 88.00i0.10i 40.87+0.21"
. . 12 41.00+0.20™ 41.87+0.21*
Extraction time (h) 15 41874012 39.60+0.36™
18 40.50+0.50¢ 40.37+0.32
21 42.10+0.20° 39.23+0.67°
24 41.87+0.06™ 40.030.50
20 42.07+0.31° 4797+0.15°
30 45.17+0.31* 50.90+0.36"
Extraction temperature (°C) 40 45.07+0.38" 48.43+1.40™
50 45.97+0.15" 49,57 +0.68"
60 45.00+0.10° 4293+0.15°
0 42.00+0.10° 47.93+0.86°
50 44.07£1.12* 50.03 0.60"
Shaking speed (rpm) 100 43.93+0.15 49.07+0.15
150 44.97+0.15 49.67+0.67
200 45.27+0.72° 44.80+0.44°
Hexane 8.27+0.23° 34.97+0.90"
Chloroform 2.00+0.10° 27.00+0.10°
Solvent fraction Ethyl acetate 13.23+0.23* 72.90 +2.69°
n-Butanol 3.93+0.06 55.03+0.38"
Water 9.7340.46" 47.93+0.12°
DValues are expressed as means*=SD (n=3).
““Means with the different letters in the same column are significantly different (p<0.05) by Turkey HSD test.
°C, A7 95%, 24~36A1Zko A &3 AlE7T 7HE 23 5 BATh Zh7he] Ay ekAle} é?&fi Aok ol HEFA FF
Aotk ZAe] RS2 platycodigenin, poly- £l tste] HAse Al 848 AEsH 27 1 g9 A=
galacic acid % oleanane#| triterpeneS aglycone®. 2 3+ HE %9 FEZA(not grinded, 95% EtOH, 24417k, A
200] Fo) ALY 1~4% A% FHEo] 9ow o5 Atzd
10000.0
HREES U7 FEEO| HolFE 0T FelFe e .
e gAdRog BuEolx 9 th18-21). 80000
S8 ool F&Exo| mME NO AHMEMD} hyau- T;’ 6000.0
ronidase XMsH&EMHM &1} %
E3 Aok Azte) 200 BE £ NO oA B4 -S| :
S A%3 Ay= Table 33 2t 83 NO A &4 9 = 20000 |
C
a%E 2y, g7, enx, 24L A7 1212 s ] 4
s 0.0
FE3 A8 7 292 AewE AT 121 “]E AR. SF. P.G. Mixture
2 B AGAE Ao 20 4B wr 9% sampe
= 950 = Fig. 1. Hyaluronidase inhibitory effect of ethanol extracts

from 1 g of Astragalus membranaceus (A.R.), Schisandra
chinensis (S.F.), Platycodon grandifiorum (P.G.) and mixture.
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