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Effect of Natural Product Complex Extract (HAE-06) on Bronchial Dilation
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Abstract

HAE-06 extract is a mixture of four medicinal plants, namely Lonicerae Folium et Caulis (Lonicera japonica), Scutellariae Radix
(Scutellaria baicalensis), Adenophorae Radix (Adenophora triphylla var. japonica), and Polygonati Oddorati Rhizoma (Polygonatum
odoratum var. pluriflorum). The HAE-06 extract demonstrated a concentration-dependent relaxing effect and enhanced cAMP
production in bronchial smooth muscle that had been stimulated to contract with acetylcholine. Using a blocker, it was confirmed
that the effect was through the [32-adrenergic receptor/cCAMP/PKA pathway. In addition, it is thought that the HAE-06 extract has
a bronchial smooth muscle relaxation effect by reducing the inflow of Ca*" through the K and Ca®" channels present in the
sarcoplasmic membrane. If research continues in the future, it is believed that it will be possible to use it as a material for
pharmaceuticals and functional foods.
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M 2 A(bronchodilator) 1} H|27]9] ZHQl @EE AAsIT
4 557] Aglo] anHolghs VIUA 4% ABAE

Ty #H4fd #HEdgHCOoPD)Z M| A AAA L= 3005t ARgsto] 2|75 $FR(Williams & Rubin 2018). 7]2H4] &
g o]FE Aol o] =4 dth(Rabe & Watz 2017). THJH| e rH R w34l A=A (Br-adrenergic agonist)
AT 270l 4L X w73 71T et EX 78R 259 FHES 43AA SR AE Bt
o] &3 F4Jol7|ol ©<es] F4do] 7o H Aro] §lof (Cazzola & 2012). 7]%=7} FotAA =HWH 7|HAE 75t
HAL USHTh QASHE S OokBrandsma 5 2020, 7] otol R AAe] GAE ARAATE FRUY oF
Ritchie & Wedzicha 2020). 7}, 7123} g 7]8A] &3¢ E(anticholinergics)&= @& AME-E 1L Qlth(Matera 5 2020).
%, 718A A4, {9, AFA, HY 5 ol Aoz g WA R 7|1A A= J4 A4 LF Al AHEsHH
57| fzo] 2&7]0 THste] 54 2 w3 71HA 4, gt 7|34 SAES Uehdoh(Williams & Rubin
A71, 718 2571 A9 59 Ay #Este] X BA=HA 2018). 7|34 FAFA = 71HAY 27 dF §HE
oheFet s AGA 9 7138A] GA7E gol AREE L itk AAste] 4] W22 el AHES UEHTHKIim &

(Brandsma 5 2020). 7]=A] Adto] L2714 gZo| A Criner 2013). dJE& 02 AH E0|E=(steroid)7} 7 S+
7= ¥Rl 7138A] HAE A &s7] YA Fokl 7]138A] )l HA] A8 FEE LA lon, oPdetAR (Azelastine),
£ 9A el 34 357 A3 a3AQ0 71HA & AZ2EZA (cromolyn), EEEAIZZA|(thromboxanes) 5-°|
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- 545 -



546 294

AREE AL QlTh(Dasgupta 5 2013). 71 F, 4] WA 43}
AZ17] S8 71382 2aart doka Xl gedd
(theophyline)> 7]¥A] &7 A} Qo= g 27| A5
a7t o I A rk(Cazzola 5 2012).
71E=9] HEZLL2 By 7FA1 7 (muscarinic receptors) 2 1
71'*]73‘(adrenerglc receptor)?] AuE Htil Qlom 7|9
TGS AAE 7he] Bo] ojstel QurEk B 4
UtH(Cazzola 5 2012). AF} ZR-5E00|A= 71HA o &
F& YA =Y FugilFo] AFE o] obAldFH (acetyl-
choline, ACh)9] &80 o]sto] 7| 4] FHo] U= 1
Q] mj7fEA o] BEnle} tjEo] AFor FHI Lo L5}
of 7|#A $& F Th(Kume 5 2018). FHH 7] A
H1/go] ofsto] 7|H Ao} 7] 5ol &4l Lo
U 7= Aoy HAS A 5 Ath(Wasilewski &
2014; Louren(;o 5 2020). 713 W2 AFEZE0] Eoigt
713 AA| 7t E4E ] oW 9julf ol
X]-(eplthehum—derlved relaxing factor, EDRF)S] AJA] H}5,
NANGEAES) f 23 F89] 742 ol o3 o]
EE 7125 AF5to] 719 AR AT S 3
TH(Farah 5 2009; Vanhoutte PM 2013). H]EE Y Z<(Ca™)
o] Z7FHAIEH Ca’"0] calmodulino]2H= THl A3} Ao}
o] Ca’*-calmodulin B34S FAsHA Qq o] B3A=
uto] @ Al ZF&f|(myosin light chain, MLC) kinaseS &/JSHA|
7 myosin®] light chaing <QIAS}e}L o]& <Ql&f| actin-
myosing] A5 a8l LA Hol WeZo| saEn
(Coultrap & Bayer 2014). 7|A] H&1 L 1423 T
H FEA7A 484 (Muscarinic acetylcholine receptor,
mAChR)E EFStL Qlo], T old| Al ik cyclic
adenosine monophosphate, cAMP)9] 714 4 K'5=29] ¥
g2 AT AE W ol2e) oF Fh polsadel
J 48 A|(B,-adrenergic receptor) &4 28 5902 915}
BT £=2 G514 Htk(Semenov & Brenner 2018).
718X A F B TRA = B FEA0) AgHos 2
&5t AlZU cAMPE ASAIA 7= BEIS o|HAIK
o=zZxn 7|AX A _g__q_ e Woh(Ehlert FI 2003).
AA=E 71648 2452 23 779 AdS A= A
Y Bl AFHUL, W FAEo] dtk= AHoldnt
(Stamatiou & Pierris 2013). o|& HIF O 2 HAE 7|54
AAEAE eI SUE GG Byl oA U 23
g 2E AES ALt a7t sl AgET Ao
(Kim SH 2010; Akopov 5 2015). AIE B3 A= HA
%3 749 o $US| 2 4ol Sl g
ol BEH o FUNT B35S e 4 Qovl, 22
W i A oo} ol 92k 4 AekLee 5 2001

- AslE = AEITIEIA

Yoon WH 2013; Shin 5 2021). G&}A HAAE 7154 &4
ZHE 2L 552 IAstr] gt A9 d3te=z
o

HAE-06 $&50] W49 7|&A] HEZ 3% gitof ojst
A& 717 HESHA Jth & ﬁ—",mﬂ/ﬂb AHE E HAE-
06 &5 915 (Honeysuckle), 3= (Skullcap), Zttl(Japanese

1ady bell) @ 52| (Solomon's seal)«] S3EEH, shy 9 oF

L. Lonicera japonica(V5-5), Scutellariae Radix(3-s), Adenophora
trlphylla(/\]-”) Polygonatum odoratum(Z3)2.2 =1 Qltt.
%29 d7= HAE-06 &322 M2 2F7I54 4o
2 718A] e Eae & 5 e 7154 2A=A AT
8% 72 ARE AssHHAL F
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oE 28t AXH(HAE-06)2] —’?‘—
3o AF&3E HAE-06 AFE
Z, 4, 9 522 A= o U%, H]&
THTable 1). Q1E, &=, I € 528E 574
A FYsEROH, 30% Fgo Ax7F 3% HEE S8st &
W82 2% Shlth(Table 1). 152 719 45, =

£ BoE Agglor, sEEE fe9 2718 AR
95°Co| A 3A1ZE Bt A8 9] 108 FS 71t FE5&
= ¥ HlE glon T = HAE-06 X%%% A 25t
o] }5k}l AL, %%%& BE5lo] 5EAR & Yaalo B3
gt A A, 2 SZE 88:1:1:19 H[EE &
3hst HAE-O69] 77k 2% 2282 288, 26.75, 31.4, 31.6,
22.05 9 25.25%%T}.

o =
LIE?E

2. HAE-06
(HPLC) 24

AAE 53 2490 HAE-06 5 EE2] /J&<2 baicalin H
baicalein®] g HPLCE o|-&dto] EA5t%itt. HPLCE
Waters 2695, WatersTM 996 photodiode array detector
(PDAYE A3}, AHL Shiseido Capcell Pak C18
columng AFEslth EE EAE o|5A(A)1% acetic
acid, (B)acetonitrileX} MeOH(7:3) &3+H 2] 1% acetic acid
7} Z7bd & &g 4587 WSHA|FTH(Table 2). Q& &
X8 0]EAF2(A)0.1% formic acid, (B)100% MeOHO] 0.1%
formic acid”7} A71E T SujE 4587t HIA|Z tH(Table 3).

FEE9| high performance liquid chromatography

Z=71 ¥ X (Sprague-Dawley)2] &

AR olF FFHE FAIS /| BAE Bttt Lo
BAE EF7IA(S% CO. 95% O EskE A7he:
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Table 1. Mixing ratio of HEA-06 extract

Natural products Scientific name Mixing ratio
Honeysuckle Lonicera japonica 8.8
Skullcap Scutellaria baicalensis 1
Japanese lady bell Adenophorae Radix 1
Solomon's Seal Polygonatum odoratum 1

Table 2. HPLC gradient conditions for the measurement
of baicalin and baicalein in Scutellariae Radix

Mobile phase (%)

Time (min) A B
0 75 25
10 68 32
20 55 45
24 55 45
35 52 48
40 75 25
45 75 25

Table 3. HPLC gradient conditions for the measurement
of loganin, oganic acid, and sweroside in Lonicera japonica

Mobile phase (%)

Time (min) A B
0 90 10

5 80 20

10 75 25

35 70 30

40 90 10

45 90 10

Krebs €H(118 mM NaCl, 25 mM NaHCOs;, 10 mM
glucose, 4.7 mM KCI, 1.5 mM CaCl,, 1.2 mM KH,POs,, 1.1
mM MgSOs, pH 7.4)0 Y1l HETZ EJAI71A] s
Agz4] 9 F9o] 22 A= AAT T oF Zo] 34
mm®| FHS vtk & A= Y3 TEAY &
219113]9) g0l meEt HoE e & AFsiloy
e 8 SFAHE UMD WKU20-28).

olt '1] -lol

o> o
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I HE:'-J rl
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4. 7\BRIO) W2y B

719 HHS 374C9] Krebs 0] G742 H8HA]
7] orgam chambero] go] #}&(isometric tension)S 3l-H
9] H37](Grass FT 03, GRASS Instrument, MA, USA)7}
2= AE] 7] Z2A(Grass Model 7E, Grass Instrument, MA,

USA)E ©]&sto] ZAgitt. o]uf $=87|(circulator, Model
CW-10GL, JEIO TECH, KOI‘ea)Oﬂ ol5] AT L= 8%
Sttt 71ER 9] AES A5 S7HAA A9 A2 g)ol
LYl s 5h3lon, 90& 5t ARl AHE fAIstE
£ g}, 7]3A] AHL2 ofAE FH(acetylcholine, 100 1M)
07 55 FEFOM, HAE-06 252 5 F3%°
2 Hstoto] 718AY 1FE ks S otEE™
o7 9535t £~=8E 100%= 7FY5l1 HAE-06 :&E9]

o|¢E(%)Z A=

5. 7|2X| cAMPL| &X

Krebs &80 T3H7|4(5% CO,9} 95% 0,)S T2 =
A 713A] AHE go] 3083 §A] A]Z] & 3-isobutyl-
1-methylxanthine(IBMX, 100 pM)¥} obA|EZ=(100 uM)S
Yol HEA-06 $&%5(1, 2.5, 5 mg/mL)Z A =J5to] ¥Hg- A]
7t ¥hs BAE A8l 718A] 222 ZHIE AH| Fao|
go] cAMP % S0 o] &t 7| #A 23 F4K0.1
M, hydrochloric acid) &4 slo]A #ZASIAZ] & 1587 o
Al £2(13,000 g)ote] A2 AJS5HE dirict cAMP ELISA
kit(Enzo, ADI-900-066)E ©o]-&3lo] = 3c}.

6. SHEA

AR A2 PH+HEFHARE #7513 2™, student
t-testE o] 85to] R-9J4S ASIH(Sigma plot 10.0 T
2. EAH $oIES pto] 005 olakel AE T1Eo
2 W

< Ll = |

1]

1. MAE =gt AXH(HAE-06)2| &HEF 24

HAE-06 &% 5 =9 WHEAQ] &2 sojzd
(baicalin) & H}o]ZH] 9l (baicalein) TF-& 45} tH(Bae
%5 2005; Woo 5 2007). HFo]Z# 9] retention time 8.041
2oz Uehdon 3 36.8 mg/gl & ol ot vt
o|Z4YAL retention time©] 16.382Fo0|R1 THFL 1.4
mg/gO & &9l F|ch(Fig. 1A). HAE-06 & Q1559 27}
d(loganin)(Jeong 5 2015) retention time©| 18.574+5-0]|
SFFL 16.2 mg/g, 2719 4K(loganic acid)S retention time
o] 12.0180]H S=HF2 58 mg/g, A ZALO] = (sweroside)
= retention time©] 1638350 $FS 4.3 mg/gO 2 39l
= lth(Fig. 1B).

ny

it

2. HEA-06 F&29| 7|2tX| 0|2+ F1}
7|1 BA HET L2 30| FAo| uf FAFE Holz|Th
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Fig. 1. HPLC chromatograms showing peaks corres-
ponding to the marker compounds, baicalin and baicaein
(A); loganin, loganic acid, and sweoside (B) of HEA-06
extract. HPLC, high performance liquid chromatography.

232511 e FEAE A4 tdEGAL IEA Sl WA
9] 71#A] o= muscarine 847} £A5}0] carbacholo]Ly
acetylcholine®t ZH& QF&o] HFS-5}= W, histamine 58
Ae 2454 Y=thdshii & Kurachi 2006; Kume 5
2018). WehA 2 AoM = FAZM 84 B8 5
o thste] HAE-06 S5&9] 7|#A] ol 2itE ZRlst
7138A 9] Ruztil7go] A= o] obAE Fd (acetylcholine,
ACh)9] HH|E ZHolA =H FLLo] gt FA7 =8
A M3(muscarinic acetylcholine receptor M3)0] 21 %]Q1 2}
207 7|87 &= & A|ZIth(Ishii & Kurachi 2006).
wreba], 2 Ao] 713Aof ofA| e E(acetylcholine)S At
&oto] $55 FET & HEA-069] ol¢t av+E eItk
HEA-06 3220) olghamtg gohi| gjsto] oyg 2
(10 MO & 7|3A] BET 52 FEF T HEA-06 3
28905, 075 1,25 9 5 gmLo] S5 -Aslo] 27
3t A3} o] Ayt YERE 2 H(Fig. 2A), 5 mg/mL 5=
A 69.845.96 %2] o EIZ KB rhFig. 2B). 7| ¥R B
2 olgh 7|He olruA the Aug Vs

sl AEITETA|
A
E B o
Z nar S
= N M\M
5 E m [ S

= A
=
=
E oA
£
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Fig. 2. Dose-response curves by HEA-6 treatment in
acetylcholine-induced bronchi. (A) Representative response
physiological activity diagram by HEA-06 dose-dependent
treatment in intact rat bronchi. (B) HEA-06 extract treat-
ment has bronchial dilatation effect in the state of bronc-
hoconstriction by acetylcholine 100 pM (B) (n=8).

3. HEA-06 &&22| Br-adrenergic receptor/cAMP/PKA
HEE Ssh 7|&X| o2 &3}

AgABA T Brotedgdd 48A(B;-adrenergic
receptor)= 7| HAE OLAXITHAL A2A UTh(Barisione
S 2010). B-ot=d G EAE S5l &+ G
el (stimulated G. protein, Gs)of] A¥s}o] ofd|dd g
3} 8 4~ (adenylyl cyclase, AC)E SEA|7]2 A|Z W 22} #
#Ql 1ot ALK cAMP)Y] B F7HAITH
o]o] cAMPO|&Z]o] Tl ZF|LolA] A(protein kinase A,
PKAYE EAJSIA|A blo] QA1 74| (myosin light chain, MLC)
kinase®] 242} MLC phosphatase®] &4 FEolo] Zr4
o] (Ca”) S HANORZN HFHORE 71N E &
A7tk g3 A Ath(Barisione 5 2010). WEkA], HEA-06
2220 0|} 7B B ARBA| JEHS 7
Z(Taouil 5 2003)<] “Br-adrenergic receptor/cAMP/PKA’ 73
28 So4 Yojua) Sels] stel ABe AP

WA, HEA-06 F529] 7184 &Fairt p-ot=dd
Ux 282 Bo) Lolkx] 2lsh] lstel wl A
B-ot=Fd=Ad ZAFAIQ] propranolol(l uM)(Al-Majed 5
20172 A2 3 % 7jBA) o|gazte AnE Az fe)
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ot A avs HAthFig. 3A). WA HEA-06 +&50] -
oh=adRY S8Ao] BolAE RS U T % A
o}, 7 ok, ol el s AAC)] Holsh=A] Selel
7] 9J5to] A A|(forskolin) L A3}A|(SQ22536)E A 2|5}k
o(Insel & Ostrom 2003) HEA-06 F&59] 7|#X] o|Lto]
SAE g Avg. oYY nsEL BY SES
A9l forskolin(10 yM)S AA 2] §F Fof HEA-06 FEE-9]
0]9]'_9_-1—]'—“ Aol A1} 96.16+8.96%= 3-2J5t =7} a7}

I 4= QUSITHFig. 4A). BFH SQ22536(100 pM, ot
2125t a4 AdA)S A g & HEA-06 F+5&9

e, rulm
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Relative Relaxation (%)

20 -

050 075 100 250 5.00
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Fig. 3. Dose-response curves by HEA-6 treatment in
acetylcholine-induced bronchi. Bronchial relaxation effect of
HEA-06 treated with (A) non-selective [3-adrenergic receptor
antagonist, Pro (10 uM). pro, propranolol. Data are expressed
as meansstandard error of the mean (n=5). "p<0.05, ""p<
0.001 vs. vehicle.
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Fig. 4. Dose-response curves by HEA-6 treatment in
acetylcholine-induced bronchi. Bronchial relaxation effect of
HEA-06 treated with (A) adenylyl cyclase inhibitor and (B)
PKA inhibitor. Forsk, forskolin 10 uM, inhibitor of adenylyl
cyclase; SQ, SQ22536 100 uM, selective inhibitor of protein
kinase A. Data are expressed as meantstandard error of the

mean (n=4). "p<0.05, “p<0.01, “*p<0.001 vs. vehicle.

S22 (HAE06)9] 7187 3ol wx: A% 549

olgaTHE YohL AT Gl gt AT AIE ST >
AATH(Fig. 4B). 71 PA] HEL Z 2|04 HEA-06 FEE0]
cAMP-PKA©| S A=A #&3H7] #1519 HEA-06
Z2ZES =230, 1, 25, 9 5 gmlL)E A|5to] cAMP
AT 24T AT HEA06 28 A2sh] e

o H|sto] FE oEXHO R cAMPAY/JTFo] controlto Hl
ato] 9.4 9l Zols HATKFig. SA). ET, cAMPE
Zo] Thula 7)ol A(PKA)Q] AAAZ L&A KT5720
(Townsend 5 2012) 10 = 100 pM A& &] SFo] HEA-
06 $229] o|%a e Tol A, 100 pM BEof A o]
STt GoJsHA AdEe el F & YodchFig. B).
mehd] HEA06 2EEL Brolmdddy 4848 53
cAMP Z7}19} PKAS] EH4Jof| Thofslo] ojghats Helch
I Atm gt

4. HEA-06 &89 ZERS(K) ¥ L&(Ca™) 82 At
Al Ol &1}

Az W Zs o]20] F7I6tH 50| FEE=t ol
AZ 9 Beh(K) 57t 27 Gk mebae] AT 9
2o AEue BRI UoA HY A4 TH BE
(voltage-sensitive Ca*" channel)Q] E&r45}2 o]oj#x BT
<+ Az 259 sk F4E 2 SH o olgs #F
Stth(Kitsiopoulou S 2007). FEL AL 71’*(Ca2+) 5T
7} Z7VetA ZHE(calmodulin)@} AgFete] W] QA1 A4
A4 Z]YrolA|(myosin light chain kinase, MLCK)&= 1] 2.4l

>
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Fig. 5. Effect of cAMP-PKA pathway activation by
treatment on HAE-06 extract. (A) The amount of cAMP
produced by HAE-06 concentration in the bronchi was
compared and shown as a graph. (B) Dose-response curves
on the bronchodilation induced by HEA-06 in the acetyl-
choline-contracted treca in the absence or presence of
selective inhibitor of protein kinase A, KT (10 or 100 uM).
cAMP, cyclic adenosine monophosphate; KT, KT5720.
Data are expressed as meantstandard error of the mean

(n=5). "p<0.05, "p<0.01, ""p<0.001 vs. vehicle.
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Fig. 6. Dose-response curves for HEA-06-induced
bronchodilation in acetylcholine contractile bronchi in the
absence or presence of blockers. Treatment results of
non-selective K" channel blockers TEA(100 uM) and
4-AP(100 uM)(A) and L-type Ca’" channel blockers Vera(1
uM) and Dilt(1 puM)(B). TEA, tetracthylammonium; 4-AP,
4-aminopyridine; Vera, verapamil, Dilt, diltiazem. Data are
"p<0.05,
“p<0.01 vs. vehicle. Data are expressed as meansstandard error

of the mean (n=4). p<0.05, “p<0.01, “"p<0.001 vs. vehicle.

expressed as meantstandard error of the mean.

A Z & (myosin light chain, MLC)9] QASIE &ZIA|AH
PG 2 A7|= Ao R 4 A UrH(Zhang 5 2010).
A A|(sarcoplasmic Reticulum)o| 49 #AE Ca2*9o] H
glotied SEARYR)FIL St Ca?’ WEEEE A
ojdth(Delmotte & Sieck 2015). o]g|3t 71 H& =&t
g Xeg 9 ZdE T2 I ol o] {dl &
g ol o9} Yok Pokn] sisto] AAS
2133t HEA-06 F+289] 7|34 o|¢ a7t Zeks &
E27F d7Fol UsA Lotrr] flsto] v] AEA iEtg F&
AAAQA tetraecthylammonium(TEA, 100 pM)@} 4-amino-
pyridine(4-AP, 100 uM)& Z A g|slo] AmE Zi}, HEA-

220] ojgh Rt OIS ATEL Aow HHld)
Ack(Fig. 6A). E3E LY Ca’' B2Z E3] HEA-06 =55
of olgkaziz} Aol elsts] Sfatol LB 2 B2
A9 diltiazem(1 uM)T} verapamil(l uM)S A& 2|5t
A3} HEA-060] I3t o|gHaTpt ook AasE AL
ol th(Fig. 6B). webA] HEA-06 $&E9] ol a37}
of oiA ZEtE ALY JFoE N2 ZE &2 &

E5to] olgho] L HAE o AmT

o
yu.
Q]
=2

O 2 e U oE, N

e
e
i
Okﬂ

= slo] AAE 7154 &A1 HAE-06 &3t 3
29 7|84 BEZ olg adt 4 1 7]7<%2 slolgt}. ARL

=
% HAE-06 3252 5(Lonicera japonica), 3 (Scutellariae

Radix), 7 (Adenophora triphylla), &2 (Polygonatum
odoratum)@] 8.8:1:19] H|&Z 0]]‘;1_]'—Q+/_\11_7,~_—g-13ﬂ§ 223}
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