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Screening of Anti-atopic Herbs Having Phosphodiesterase 4 and 7 Inhibition
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Abstract — The aim of this study is to explore the potent phosphodiesterase 4 and 7 inhibitor from various herbal medicines
for atopy treatment. In this study, 51 kinds of each herbal medicine, which were extracted with ethanol, was carried out the
screening of PDE 4 and 7 inhibition using enzyme inhibitory assay. Of these, 8 species of herbal medicines, Rubus coreanus,
Duchesnea chrysantha, Alisma orientale, Rehmannia glutinosa, Angelica dahurica, Thuja orientalis, Astragalus membranaceus
and Perilla frutescens were screened as potential inhibitor against PDE 4 and 7. Among 8 species, Duchesnea chrysantha
showed poteinial anti-atopic effect on DNCB- induced atopic model. Duchesnea chrysantha extract decreased serum IgE and

histamine release significantly.
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Mk Z<l PDE 4 JAAZE CC-10004, AWD-12-281,
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dihydro-1-hydroxy-2, 1-benzoxaboroley T3l sl A
3ZoXe] TNF-o, IFN-ye] #H]E JAsh= A2 d# A
Jom AR FAEZE AAR /e AH SAE o
o= Qi 24 A7 Foll AUtkY PDE 7 cAMPO 50
%5 7K& E4°|9 PDE 7A9} PDE 7B7} &#A 9l
°]% PDE 7A= F2 v, g4, wigd o] Bds=

o7 IA et Smith 57 AFS 53] PDE 7 AlA
7F Abe] S, TAIE, #Ho] A ZollA TNF-ao &
H12 I3RS B3It} # Kadoshima- Yamaoka 5
S PDE 7A 2AA¢l ASB16165(1-Cyclohexyl-N-[6-(4-
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40 ple] buffer(50 mM Tris/HCI pH 7.4, 6 mM MgCl,,
0.03 mM CaCl) 7Fste] F2olx 60:27F Wh-&-stqict. v

i

269

S Fol 60pule] IMAP &<4(10 mM Tris-HCI, pH 7.4,
10mM MgCl,, 0.05% NaN,, and 0.1% phosphate-free
BSAYS H7tete] 2ol 1X17F Bt BAAZ] Fof| Tecan
Ultra Evolution reader(Tecan, Vienna, VA, USA)S ©|&-3}
o 245 S48l

Radiometric Phosphodiesterase 7 Xali 4 —PDE 7
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22 H71810] 100 uLe] buffer(50 mM Tris/HCI pH 7.4,
6 mM MgCl,, 0.03 mM CaCL)S 7}3ke] 30°CollA 20%-7F
HH-S-3FA T WHS- Fol 50 ule] yttrium silicate beads &Y
(&F 1 mg/wellyS F71sled 1A]7F B2t wrkslHA] F71 vt
= SFh WkS &5, 3087 A A5k beadsS 71t
k3] S0l beadsll A%E] Sl [PHIAMPS] %S Microbeta
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S ST

OlEL| mFH S8 AMf - A¥sE2 7 10 E At
L3139t olEy] 51k A2kl DNCB(Junsei Chemical Co.,
Ld)E 1%2} 0.5%°] F=7F 5 =5 8-l (acetone:olive oil
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dalEEste] 93-S FEaiiith. Al ARS-sH] A7kA|
-70°C W& arolx BaAsIgitt. Balb/e vh§-220] A ojr <]
I[gE F%+& enzyme-linked immunosorbent assay kit
(Shibayagi, Gunma, Japan)E AH&-3te] S8 3ttt 7+ 96
well plates®l] Ph-¢-2=0l 4 F g €3 5pul9t dilution buffer
45 uiz EF3to] zHzke] welldl] 50 plis 53510l AL
shakeroll 28] 277+ < WX|gE 3 washing buffer solution
o7 584 33] A3t} thA Biotin-conjugated anti-IgE
antibodyS %L 2A17F Aol |k ol thA] 335] A
3I3AE. HRP-conjugated avidin 50 pls 237 21204 shaker
of &2 1IN HX|gk & thA] Al sk th. Chromogenic
substrate reagent(TMB) 50 pl& ¥ 57+ W38k & 50 ul
9] stop solution2 3. ELISA reader(PerkinElmer, Shelton,
CT, USA)IIA 535450 nm)ys Z743ch.
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S|AER M2k - 315 E7Jo) 30 ml BE9] Tyrode ¢+
49 B(137mM NaCl, 5.3 mM glucose, 12mM NaHCO,,
2.7mM KCI, 0.3 mM NaH,PO,, pH 7.4)2 F¢]5} E1
£ 90 4= v 3§ BERE A AHA EojA 9t
22 W30z B ) AE B8 Tyrode 4589

= TS 150xg, 102 &<t 94 Eelste] Al2s
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percoll density gradienty 0.2 H|THH|ETHS AT}, Ha]e
H|YHA| Z3= alcian bluedA1ollA 95% o4, trypan bluedA)
o4 97% ol4ke] 75 el AT, BAE HleHA
¥ 0.1% FBSE X§3t= Tyrode ¢+ A(137mM
NaCl, 2.7 mM KCl, 1.8 mM CaCl,, 1.I mM, MgCl,
11.9 mM NaHCO,, 04 mM NaH,PO, 5.6 mM, glucose,
pH 742 7k8lal 2412y BlEsle] 2x10° AlEY &
T8 tha 37°CellA] 204 F<F wiFetal AR E 37°CollA
20% 52t A28t o3 compound 48/80(5 ug/mlyS- 305 &
o ARSI} WS FR F 400xeoN] 94 Felale] A
AT AMEE elsiolrt. S12E] H=E ophthaldialdehyde
(OPA) spectro-fluorometry #2438 nmeld] S24313irt.
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Astragalus membranoceus 2 Perilla frutescens <22 LI}
Stth PDE 4D3°) thate] &5o] 43k Yok M 2e
Rehmannia  glutinosa, Alisma  orientale, Duchesnea
chrysantha, Rubus coreanus, Angelica dahurica, Thuja
orientalis, Perilla frutescens 2 Astragalus membranoceus
o2 UElth PDE 7A190 tiste] EFo] ek Ao
=AM B2 = Rehmannia glutinosa, Alisma orientale, Angelica
dahurica, Duchesnea chrysantha, Astragalus membranoceus,
Rubus coreanus 2 Perilla frutescens =22 JEFSTH
PDE 7Bel| tste] ®5o] 743t Aokl X2 = Alisma
orientale, Rehmannia  glutinosa, Angelica  dahurica,
Duchesnea chrysantha, Astragalus membranoceus, Rubus
coreanus 2 Perilla fiutescens = 2.2 YEFSTE PDE 49}
PDE 79| thsle] Hl5o|F o2 73t 55 Uehlle Ao
AMZ=  Alisma orientale, Duchesnea chrysantha
Rehmannia glutinosa= YJEFSTE PDE 49 %F S0]%Q] &
52 Yeld WA ZE Thuja orientalis= PDE 4B2 2
PDE 4D3° Z+7} 201 ug/ml 2 104 pg/ml2] IC,, 7S Ut
ER 2ATH(Table ).

83 IgE M3l &3 - DNCBY] 7= g7 2Jsf of
EYyRd sEds AZelelal, PDE 491 PDE7O] t)
st S Uell= 8F(Alisma orientale, Angelica
dahurica, Astragalus membranoceus, Thuja orientalis,

e

Duchesnea  chrysantha, Perilla  frutescens, Rehmannia
glutinosa 2 Rubus coreanus)?] A FEE00 tsle] of
£y A B85 SHsIoIT 8% YA FE2=9 7o
o3l 852 nhe2o] Yo7 BE IgE FE= ELISAR
ZA3HAt) godtel A 9] 1gEe] s 280.5+43.6 ng/ml
oL, OFEV| M E 1325+55.7 ng/mlE /ol H]s)
oF 479 Z7VSFR T} Alisma orientale, Angelica dahurica,

Table I. IC,,(ng/ml) of each extract from various herbal medicines against different phosphodiesterases

No. Scientific name Use part PDE 4B2 PDE 4D3 PDE 7A1 PDE 7B
L Aconitum jaluense (Z%-) root >500 >500 >500 >500
2 Akebia quinata (5-%) stem >500 >500 >500 >500
3 Alisma orientale (BA}) root 22 25 34 30
4 Angelica dahurica (HA]) root 105 89 34 54
5 Angelica tenuissima (L) root >500 >500 >500 >500
6 Aralia continentalis (52) root >500 >500 >500 >500
7 Arisaema amurense ('273) root >500 >500 >500 >500
8 Astragalus membranaceus (7)) root 406 400 108 210
9 Atractylodes lancea (3%) root, stem >500 >500 >500 >500
10 Thuja orientalis (Z ) leaf 201 104 >500 >500
11 Benincasa hispida (&-34}) seed >500 >500 >500 >500
12 Sasa japonica (F9) leaf >500 >500 >500 >500
13 Carthamus tinctorius (S-3}A}) fruit >500 >500 >500 >500
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Table 1. Continued

No. Scientific name Use part PDE 4B2 PDE 4D3 PDE 7A1 PDE 7B
14 Cnidium officinale (31-&) root >500 >500 >500 >500
15 Cirsium japonicum (A=) root >500 >500 >500 >500
16 Cyperus rotundus (F5-A}) root, stem >500 >500 >500 >500
17 Cotoneaster dammeri (¥ AFh) seed >500 >500 >500 >500
18 Cynanchum wilfordii (%3}5+2. root >500 >500 >500 >500
18 Cornus officinalis (A+5 fruit >500 >500 >500 >500
19 Crataegus pinnatifida (AFA}) fruit >500 >500 >500 >500
20 Duchesnea chrysantha ("4 27]) root 21 32 56 103
21 Fagopyrum esculentum (2.=}) seed >500 >500 >500 >500
22 Oldenlandia diffusa (H3AME %) aerial part >500 >500 >500 >500
23 Gardenia jasminoides (X A}) fruit >500 >500 >500 >500
24 Glycine max (Z5) seed >500 >500 >500 >500
25 Lyonia ovalifolia (‘2%) leaf, stem, fruit >500 >500 >500 >500
26 Lycopus coreanus (B]3) aerial part >500 >500 >500 >500
27 Lonicera japonica (215 ) leaf, stem >500 >500 >500 >500
28 Millettia velutina (8 5.°15) leaf, stem >500 >500 >500 >500
29 Triticum aestivum (2= aerial part >500 >500 >500 >500
30 Cucumis melo (3}A)) fruit >500 >500 >500 >500
31 Perilla frutescens (2=%3) leaf 409 307 201 300
32 Morus alba (%34)) stem >500 >500 >500 >500
33 Paeonia lactiflora (Z+F) root >500 >500 >500 >500
34 Pinus densiflora (%3}) flower >500 >500 >500 >500
35 Prunus humillis (S-3%]) seed >500 >500 >500 >500
36 Pinus thunbergii (57) stem >500 >500 >500 >500
37 Polygonum aviculare (V=) aerial part >500 >500 >500 >500
38  Polygonatum odoratum (S3) root, stem >500 >500 >500 >500
39 Peucedani radix (A%) root >500 >500 >500 >500
40 Pyrus pyrifolia (EWIUE-) root >500 >500 >500 >500
41 Rehmannia glutinosa (X13) root 25 18 21 38
42 Rubus coreanus (E-EA}) furit 12 67 127 251
43 Selaginella tamariscina (3%) aerial part >500 >500 >500 >500
44 Santalum album (23F) stem >500 >500 >500 >500
45 Siegesbeckia pubescens (8]%) aerial part >500 >500 >500 >500
46 Swranvaesia davidiana (Z-A+H) leaf >500 >500 >500 >500
47 Vitis vinifera (E55 aerial part >500 >500 >500 >500
48 Vitis vinifera (EE=) root >500 >500 >500 >500
49 Zingiber officinale (77%) root >500 >500 >500 >500
50 Zizyphus jujuba () fruit >500 >500 >500 >500
51 Zephyranthes candida (212 EAFZS)  whole plant >500 >500 >500 >500

IC,, of IBMX (positive control) on PDE 4B2, PDE 4D3, PDE 7Al and PDE 7B were 57 ng/ml, 50 ng/ml, 20 ng/ml, and 17 ng/
ml.
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Table II. Effect of herbal extracts (500 mg/kg) having inhib-
itory activity against PDE 4 and 7 on the total serum IgE level
in DNCB-induced atopic model

Group IgE Inhibition rate
(ng/ml) (%)
Normal 280.5+43.6 -
Atopy 1325.1+£55.7 -
Alisma orientale 1113.5+45.8 16
Angelica dahurica 745.5+67.3 44
Astragalus membranaceus 1240.5£35.1
Thuja orientalis 1304.5£24.9 2
Duchesnea chrysantha 325.1423.5 75
Perilla frutescens 1102.3+45.5 17
Rehmannia glutinosa 1004.3£39.5 24
Rubus coreanus 520.1+45.9 61

Inhibition rate of 8 mgkg of Acrivastine (positive control)
was 50%.

Table III. Effect of herbal extracts (500 mg/kg) having
inhibitory activity against PDE 4 and 7 on the compound
48/80-mediated histamine release from mouse peritoneal
mast cells

Group Histamine  Inhibition rate
(ng/ml) (%)

Normal 13+4 -

Atopy 87+16 -

Alisma orientale 76+11 13
Angelica dahurica 74+13 15
Astragalus membranaceus 80+10 8

Thuja orientalis 8148 7
Duchesnea chrysantha 43+12 51
Perilla frutescens 67+14 23
Rehmannia glutinosa 71+15 18
Rubus coreanus 50+12 43

Astragalus membranoceus, Thuja orientalis, Duchesnea
chrysantha, Perilla frutescens, Rehmannia glutinosa %
Rubus coreanus == 737 Tl &3t I3 29| IgE &
L& Z+7F 111354458 ng/ml, 745.5+67.3 ng/ml, 1240.5+
35.1 ng/ml, 1304.5£24.9 ng/ml, 325.1+£23.5 ng/ml, 11023+
45.5 ng/ml, 1004.3+39.5 ng/ml ¥ 520.1+45.9 ng/mlZ e}
Wtk A Fodol 9]sle] IgE Aall a3t 7 et A
kA FZE2E Duchesnea chrysantha= 75%2] A&l &
75 YeRiIth. PDE 49} PDE 79 H]So|5 o2 7gh &
= YeRAS Alisma orientale®}t Rehmannia glutinosa=
717 16%2 24%°] IgE A3l 2345 YERHRJIAL, PDE 40|
EolF oz gats UEPIY Thuja orientalis= 2%°] 1gE
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S|2EH AN 3t — Aok FE=2] okEY] A8t
7} BRI E3hge] A g ARIAE AES] fI8te] vt
-0 BRI EE Eelste] s|2Ew f A a
£ HAESIALE B4 57N EZE compound 48/80°.%
A2)etAS Wl 87+16 ng/ml= g g tH] oF 6.7 3]2E}
9 frE7t STk 8% Aokl FEEC] Fo o 9
ZEH 8] oA a3 o2 2UTY. Alisma orientale,
Angelica  dahurica, Astragalus membranoceus, Thuja
orientalis, Duchesnea chrysantha, Perilla  frutescens,
Rehmannia glutinosa 2 Rubus coreanus FZE 737 5
o 23l 3|2El Tt 2zt 767+11 ng/ml, 74+13 ng/ml,
80+10 ng/ml, 81+8 ng/ml, 43+12 ng/ml, 67+14 ng/ml,
7115 ng/ml ¥ 50+12 ng/ml= UERsiT). S12ER] {2 <
A 2H7F M 7St AR FE2EE = Duchesnea
chrysanthaZ 51%°] A &3& e AT} PDE 49
PDE 7°] H| 50| o & 7% 235 YePHAE Alisma
orientale®} Rehmannia glutinosa= 27+ 13%} 18%2] 3
BRI fr2] oA a3E JeRHRIAL, PDE 40 Sol3oR
A= YUY Thuja orientalise 7%2] S12=EF]
oA B HERIT

4 =

PDE 4%} PDE 72 pro-inflammation®l] th3t &A1& 9]
T3 P 59 shelth. HAE AAZRE ol gt &
TS Uell= go] o]Fofzl Aol gt HAES]
= Aol 7HAAL e Ao 54 A8 /9
flavonoid, flavone, alkaloid & phenol 3}3t=o] thaF
o] QAL Nt o g FAF s k= Ao dEA
ULt ofEF] FRHLS T FZF BTAE P SAEe} 7
2 WM 2] g3 o] w¢ Fasitha g A gk
th & olEy ¥R wy HrhES vl sk
T2 olEy] i o] AA el ESQH T "zl 9
ste] IL-40] A=A o] Alo]EFRIel ofste] IgE A4 0]
71tk A 1gE7F viRkA| 2] FHe A5k IgE
T8 (FeeRDe} Agtgro=m] 1Hat=of utirt Ajx}F &4
of =Z&5 S ul vRkM|EAA B eSS X33 ASE
Z o] FH|7} o7|E L o] 2 Rl TR 7 e 9] of
B3] S40] A7 Aos 4 Ik B3 2 vq2
Fote] JAHeR FHT T ATk dHA A= A
ofAll FollA 515l thsted H5 A Bl @<l PDE
49} PDE 79 tigh &4 A3}, 5155 85°] 500 pg/ml
oJstell IC,, 72 YERNATE PDE oA %S Yehl=
852 Aokl Histe] olEd] T& Rdox JolEn &
= A3 A3 EF 1gE 9 S|12el] {2 A a3t
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Duchesnea chrysantha®] PDE A 52 Yepd 8550l
A 7P gt 25 VYERITE & A3 Bote] A
850 AfA] FollA otEd o] &Fo] AUTkaL oju] B
IH A& Alisma orientale, Angelica dahurica, Astragalus
membranoceus, chrysantha,
glutinosa 2 Rubus coreanus®] 652 A FA| ol th. Alisma
orientale®]  70% Ol¥E FZEEIA]  hapten-induced
dermatitis NC/Nga P12~ 2dlo|x golEd] 335 B
=, Angelica dahurica® 70% & FEEN4 dust
mite extract & atopic dermatitis =@ 4 o}ET TI7}
BYEJE? B Aol FEAIHAAN 7P PolEy] &
7} WA Duchesnea chrysantha®) 739-= Lee 529
ATAH7}t FARHA B IgE ¥ S12EN] {8 9A &
#=2 Je k. Kim 579 Ao M= Rehmannia
glutinosa®] MTHE FEES R WO olEY T
Zdojx ko] whHoE ¥ Fo] IgE ¥ IL-2 ¥ L4
o] A &= SA3AY. 2 Wl Rubus coreanusS] =
FE2ENA Foley] a3 D Astragalus membranoceusS]
Aol 23 FF JA A7t RuHAG P o]9) 72o)
7] BaE gotEy a3E veh= AokA©] 7% PDE
A B¥= BAE Aol glglov, & A7 A3E vl
= PDE 4 3! PDE 7 Aol 2|3 &oley] aato] thdk 5t
ANA 7Fs7dol e Aetar ko] Ho ol ] 7
71xe] B3 ste] PDE &4 Ao &gk ofEy] A7 7]A
< AH= oEu, 7149 =4 254 lojx] PDE
49} PDE 79| GAAIZF % AT S22 IgE B ]2=ER
A7 &5L 7L e 5 ABAEA L] sl A
I 5 Aok wEba] B Aolx] &9l 3§ uhe} 7to]
PDE 4 3! PDE 7¢] A 855 2= 20| olEy &
ANME IgE B S|2ER fE] 9A BHE Uepie Ao
E Ho} PDE 4 3l PDE 7 9jAlAe] Fol=y] B deiA] of
E2 A shsAdel dom, AAE LAl Ae=
Duchesnea chrysantha "3 7¥°] PDE A o]e]ol] A7}
2 i SEolgte 54 FAts 9 #9495 59
o] 7] Aglgdel] oste] B ow g4S Yellle
Ao & AR ¥

Duchesnea Rehmannia
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