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This study was performed to determine the optimal ratio of Petasites japonicus, Luffa cylindrica, and
Houttuynia cordata, all of which are supposed to have anti-respiratory disease effects, such as against
rhinitis. The experiment incorporated a mixture design and included 12 experimental points with cen-
ter replicates for three different independent variables (Petasites japonicus 30~70%; Luffa cylindrica
10~30%; and Houttuynia cordata 10~30%). Based on this design, the mixture was extracted in hot water
at 121°C for 45 min and anti-allergy and anti-microbial activities were observed. The response surface
and trace plot described for the anti-allergy activity showed Petasites japonicas was a relatively im-
portant factor. The correlation coefficient (R) value 82.10% for the inhibition effect of degranulation
was analyzed by the regression equation. The analysis of variance showed the model fit was statisti-
cally significant (p<0.05). The optimal ratio of the mixture was Petasites japonicus 0.75%, Luffa cylindrica
0.11%, and Houttuynia cordata 0.14%. The anti-microbial activity for each extraction of the mixture was
valid on gram-positive, such as Staphylococcus aureus (KCCM 40881) and Staphylococcus epidermidis
(KCCM 35494), while it was less effective on gram-negative, such as Escherichia coli (KCCM 11234) and

Pseudomonas aeruginosa (KCCM 11328).
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Table 1. Experimental design of mixtures for finding the optimal
mixture ratio

Pseudo component Actual component (g)

No Run
A B C A B C
4 1 0.750  0.250  0.000 70 20 10
3 2 0000 0500 0.500 33 33 33
8§ 3 0500 0125 0375 56.65 15 25
6 4 0500 0250 0.250 56.65 20 20
12 5 0500 0250  0.250 56.65 20 20
9 6 0250 0375 0375 43.3 25 25
2 7 0500 0.000 0.500 56.65 10 30
10 8 0.625 0250 0.125 63.3 20 15
1 9 0750 0.000 0.250 70 10 20
7 10 0625 0125 0.250 63.3 15 20
11 11 0500 0375 0125 56.65 25 15

5 12 0500 0500 0.000 56.65 30 10

A : Petasites japonicus B:Luffa cylindrica C:Houttuynia cordata
Pseudo component=+; = (x; = 1)/(1 = Ei_g )y + Xz + -+ 2, =1

Petasites japonicus
1

1 0 1
Luffa cylindrica Houttuynia cordata

Fig. 1. Plot of a modified distance design in the mixture
region.

Cell HHE

Rat RBL-2H3 cell& American Type Culture Collection
(ATCC, Manassas, VA)oll Al &9 ®9ko ™ 5% CO, incubator
(Forma-3110, forma scientific Inc., Ohio, USA)oll A 37T ]
Hjofet itk 123l RBL2H3 Al£5 Foll E243td 10%
(v/v) fetal bovine serum(FBS), 100 units/ml penicillin, 50
ng/ml streptomycin, 2 mM glutamine 121 1 mM sodium
pyruvateE E%3 Dulbeco’s Modified Eagle’s Medium
(DMEM) © @& AlA A-&3FATH10].

Anti-allergy activity &

T FEF9 anti-allergy activity &3+ o] d | Dear-
man® IF+E vl® 0 Z RBL-2H3 M £ Z2F B-hexosamini-
dase®] W& A EFHZ =43¢ TH10]. RBL-2H3 cell (2x10°
cells/well)= 24 well plate®] &3k, cello] dinitrophenyl-



immunoglobulin E (DNP-IgE, 0.5 pg/ml)E Agste] 5%
CO; incubatorol| A 37 Col Al 12A17F vl % 3FA T 2 well ]
M EE S PIPES buffer (pH 7.2; 25 mM PIPES, 110 mM NaCl,
5 mM KCl, 5.6 mM glucose, 0.4 mM MgCl2, 0.1% BSA and
1 mM CaCl)Z DNP-IgEE A A3t7] 913 28] A8kt

a4 & 7t welloll PIPES buffer 500 pl¢} 2t & & 10 pl¥

29 % 5% CO, incubatoro] A 37C& 60%3t HH-s- A A Th.
o] W Z+ Z&EL PIPES bufferZ 208 343 A& A3

o & 7 welldl degranulation A17]7] 913l 10 mg/ml¢] hu-
man dinitrophenyl serum albumin (DNP-HSA, A6661
Sigma, St. Louis, MO) 300 ul& & A7l 3 1A17F 208 &<
37ColA wFatsdth. 24 welld] &3 50 ulE 96-well plate
o $%3, 0.1 M sodium citrate bufferl 1 mM p-nitro-
phenyl-N-acetyl-B-D-glucosaminide (N9376, Sigma,St.Louis)
% 05% Triton X-1008 ¥H3-A17] 50 ulE 37°CollA 1A7F &<t
RS A AT vhA o & 0,05 M sodium carbonate buffer (pH
10.0; 0.05 M Na, COs/0.05 M NaHCOs) 250 ulg #-3AI2]
% microplate readerg ©]83t] 410 nmA FREE 34
3t¢] B-hexosaminidase % F< YE T} Degranulation
(%)= % B-hexosaminidase activity ol s WEH B
-hexosaminidase®] ®]-&Z A At T

AE TF 3 HiK|

H A E2 g H A E B EAE (KCCM, Seoul, South-Korea)
oA F 4R PAES B Bttt 1S T Stapylo-
coccus aureus (KCCM 40881), Stapylococcus epidermidis (KCCM
35494)7 18531 Escherichia coli (KCCM 11234), Pseudo-
monas aeruginosa (KCCM 11328)0|tt. 7+ WA &< A&
Tripticase Soy Broth/Trapticase Soy Agar (TSB/TSA, Difco,
USA)ell A ]l %3131 31, anti-microbial activity> Mueller Hinton

Table 2. Inhibition effect of the mixtures on degranulation
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Agar (MHA, Difco, USA)el Al S48} 9ith.

Anti-microbial activity £&

anti-microbial activity 241 93} well diffusion meth-
od¥[19]€ W& st APttt 4 55 TSB WA A 2
3 Ad) wj gt AHgstglom 79 24L& UV spectropho-
tometer (Optizen POP, Mecasys co., Daejeon, Ltd, Korea)&
o] &3¢ 650 nmoll Al optical density (O.D) % 047} = A %
&= T A83kdth. MHA A o] soft agar (0.8% agar)E ©| &
8t%1 1L, pour-plate W ol wheb wjA7F B B wlf HA ol
dYeA 42 F A2 33 AlA pasteur pipettes ©] &
skl A7 6 mm9| wellg e 479 welld F&E& 70
Nk negatlve control 2 ether (9%, Junsei, Japan)< 543t $
T 1" &, 37°C ol A 2443 v kst A Aol A 5
2 A7 2718 &2 STk 4 F2E 350 mio] 9% ether
€ AHgetel B9 2wz 39 228 F ke Se oo
3miZ A8 F AEsAT

(e

.|

g4 24

BE AA-NA Ao R 3uHE HAAE I, Degranula-
tion®} anti-microbial activity #¢| &7 # 2= MINITAB 17
(Minitab Inc., State College, PA, USA)& ©] 83} meant
standard deviation (n=3)2.%E YEFH ST}, Degranulation
it ge g os £3E AAY%Y #AE IARALS o3
I, Y 2 AANE FEEAT

X

o 9l nE

Anti-allergy activity
T g0 WE 72t FEES 208 3 4)3le] RBL-2H3 cell

Pseudo component

Actual component (g) Inhibition effect on

No Run . 2
Al B C A B C degranulation
4 1 0.750 0.250 0.000 70 20 10 11.8369
3 2 0.000 0.500 0.500 33 33 33 11.9231
8 3 0.500 0.125 0.375 56.65 15 25 10.1701
6 4 0.500 0.250 0.250 56.65 20 20 11.0478
12 5 0.500 0.250 0.250 56.65 20 20 11.7054
9 6 0.250 0.375 0.375 433 25 25 10.5217
2 7 0.500 0.000 0.500 56.65 10 30 8.4174
10 8 0.625 0.250 0.125 63.3 20 15 11.8369
1 9 0.750 0.000 0.250 70 10 20 11.4423
7 10 0.625 0.125 0.250 63.3 15 20 11.1793
11 11 0.500 0.375 0.125 56.65 25 15 12.2315
5 12 0.500 0.500 0.000 56.65 30 10 4.9978

'A: Petasites japonicus B:Luffa cylindrica C: Houttuynia cordata.

“Inhibition effects are expressed as the remained number from that control value (16.77) minus B-hexosaminidase release rate (%).
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Fig. 2. Response surface on the inhibition effect on degra-
nulation.
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Fig. 3. Contour map of the inhibition effect on degranulation.
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2t} Table 201 YEMA #h2 control 3% 1677014 ZF &5
] B-hexosaminidase #(%)= W #t= HIECE EFE A7)
obo] #AE 43+ A ). Response surface$} trace plot (Fig.
23)5 A9 Hort 7Hg 2 9% U, FAvE oA o
g S HATgE FHe ¢ 5 At I ARAY A9
+ Table 391 YEFH SI=Hl degranulation®] A&l ol o g A2
AT & 8210%1H, AA JAEA Y A= pit 0.030
(p<0.05)0.2 FoAo] ot & 4= 9o}, &gt olz} 1713
AdA M pghol 0.009(p<0.05), 233 A A ol A=
0.013(p<0.05) ©.Z fo4 & AR Yeiytth 1 T4
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Fig. 4. Trace plot of the inhibition effect on degranulation.

74.12BC.

HAEHom HAo TF AAHL HH 075%, AW 014
%, 9142 011% o] W&olgte AS & F AATH(Fig. 4-5).
g, & AAAY FEAA anti-allergy activity &77}
T8 435 Holmg ¢ EA TFVA A U
ahE £& 202 ARdEd. ofd dFolA #eE RBL-
2H3 cellell &t degranulation®] A3 &4 5t ofe} 435
£ ¢l inducible nitric oxide synthase (INOS) ¢} Cycloox-
ygenase 2 (COX-2)¢ Adfste &9 &4& Fohe A3t
AR em[16, 19], A= £ degranulation®] A3 &7}
NF-xB] &€ f& &4 5}9} Reactive Oxygen Species (ROS)
o AAE AT Arr Had uk T3]
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(AR

Anti-microbial activity

Anti-microbial activity®] 72 #+ Table 49} 2ot 2 9H3
€ FEEAM E Aol & Bl AT dAZ R
& negative control$l ethers} Wl wadte] TgHA
. aureus®} S. epidermidis®| A anti-microbial activity©]
3 Ao = Ve S aureust No. 9 FEE A 1267
mmEz 7H¢ A As o] dEster 1 g5 No. 1 FE&
o4 12.00 mm, No. 11 F&& 11.33 mm¢ o= Z4°]
ZHAl JEFRTE. S. epidermidist No. 11 & &9 A 15.00 mm
271 & Asfge] B No. 8 F2E7 No. 9 FEE
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Table 3. Regression analysis of the inhibition effect on degranulation

Response F P R (%) Equation on terms of pseudo component
Regression analysis 5.50 0.030
Linear 11.64 0.009
Quadratic 8.85 0.013 _
A*B 101 0017 82.10 Y1 =14.98A-14.63B+1,03C+23.22AB-0.76 AC+74.12BC
A*C 0.00 0.966
B*C 20.23 0.004

A : Petasites japonicus, B : Luffa cylindrical, C : Houttuynia cordata
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Fig. 5. The optimal ratio of mixture design.

Table 4. Anti-microbial activity on the mixtures (unit=mm)

Gram positive Gram negative

No. S. aureus  S. epidermidis  E. coli  P. aeruginosa

1 12.00£0.00  10.00+0.00 - -

2 10.00£0.00 8.67+0.58 - -

3 9.00+0.00 9.00+0.00 - -

4 8.67+0.58 8.00£0.00 - -

5 8.33+0.58 8.3340.58 - -

6 11.00£0.00  11.33+1.15 - -

7 11.00£0.00  10.00+1.00 - -

8 10.70£0.58  12.33+0.58 - -

9 1267058  12.33+0.58  10.00+0.00 13.33+0.58

10 10.00£1.00  13.00+0.00 - -

11 11332058  15.00+0.00 - -

12 9.67+0.58 9.67+0.58 - -
41233 mmE HI 5@ 24 ebdth e 2%

10.00 me} P. aeruginosa= 13.33 mmE 744 FEgon o
€ FE=dAE vng 237 yegtth ©ekA anti-micro-
bial activityo] A4 & o2 T3 3A Yebd FEE-E No. 9¢]
H, 2tz ol dig) Ao 24 dede FE2EL =AY
Antz oz mefe 7k Bol Hol e FE2A an-
ti-microbial activityo] 4 o2 & 4 St}(Fig. 6). 14,
AY 5 TFA A8 T3 A A B okyzt AdhAt
BloA ti7] o3t ddste] SFH Aol EAAHIL L
M 53] ok Aad7] FEEC] F3lo] F7HH L T, 15,
53] Nenad Pandak et aH ATAA BHY, F5F T
SAE o] Hul7go] i
lococcus aureus, Klebsiella spp. ZL2] 1. Streptococci ‘52 8 U4
A ES HAG 202 BA0] st weba # e, FAm
e oz Y FEE] TFVIA AEo] ddE an-
ti-allergy activity$} anti-microbial activityl] ot &3 &
Ao Hol F5 1RIHA 7154 59 AT 7HA7E 9
= JAo® AgdE.

B Staphylococcus epidermidis, Staphy-

Fig. 6. Anti-microbial activity of extract No.9 (S. aureus, S.
epidermidis, E. coli, P. aeruginosa).
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