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Effects of TGeum-Gwe-Yo-Ryak(EZ#5)1 Prescription for Chest Pain
Including Kwaruhaebaekbanha-tang and Kwaruhaebaekpaekju-tang on
Macrophage Polarization

Chang-Hyeon Son'-Sang-Min Lee!, Ga-Ram Yu**, Seung-Jun Lee’, Dong-Woo Lim®,
Hyuck Kin?®, Won-Hwan Park®, Jai-Eun Kim**

'College of Korean Medicine, Dongguk University, Goyang

?nstitute of Korean Medicine, Dongguk University, Goyang
3Department of Diagnostics, College of Korean Medicine, Dongguk University, Goyang
“Department of Pathology, College of Korean Medicine, Dongguk University, Goyang

Objectives: This study was designed to evaluate the macrophages polarization of traditional Korean medicine on
cardiac pain about Geum-Gwe-Yo-Ryak's two prescriptions including Kwaruhaebaekbanha-tang (KHB) and
Kwaruhaebaekpaekju-tang (KHP).

Materials and methods: Flow cytometry analysis was used to measure the changes in the ratio of M1 type and M2
type macrophages. Protein expression of nuclear factor-like 2 (Nrf2), heme oxygenase-1 (HO-1), inducible nitric
oxide synthase (iNOS), and cyclooxygenase-2 (COX-2) were measured by Western Blot, and ABCAl and SR-B1
were detected by real time PCR (RT-PCR). Intracellular lipid accumulation was measured by Oil Red O staining
(ORO staining).

Results: KHB and KHP increase anti-oxidative activity related protein levels including Nrf2 and HO-1. Furthermore,
KHB and KHP inhibit lipid accumulation on intracellular levels through induction of ATP binding receptor cassette
subfamily A member 1 (ABCA1) and scavenging receptor class B member 1 (SR-B1), respectively. Finally, KHB
and KHP also blocked pro-inflammatory mediators including tumor necrosis factor-alpha (TNF ¢ ) and interleukin-6
(IL-6), iNOS and COX-2 expression.

Conclusion: This study suggests that KHB and KHP potently regulate the M1/M2 macrophage polarization.
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Feo] o 9 M=o W3t FAA Yo
[FA8 Al 91 S AE F2004 284 &
S A% stgloH, Ao AYZEH7Kcell viability),
SAE EA(fluorescence -activated
FACS), 3HAFsls(antioxidant property), A2 Al
X Y =A(lipid accumulation), EYAHE F4%
(reverse cholesterol transport, RCT) I&H-8-72=}9}k
gol= ul] 52 Aldslo] WEsjmumzep o <3

o= 2u =11 T ©o
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1. Ao}

Ascorbic acid, 2,2-azino-bis (3-ethylbenzothiazoline
-6-sulfonic acid) diammonium salt (ABTS), 2,2
-diphenyl-1-picrylhydrazyl (DPPH), lipopolysaccharide
(LPS), phorbol 12-myristate 13-acetate (PMA) L
Oil Red O staining A|92 X5 SigmaAldrich (St.
Louis, MO, USA)ZXE Ysto] AREsI9IT} Al
I HjokE 9Jot RPMI 1640 2 Dulbecco’s modified
Eagle Medium (DMEM), fetal bovine serum
(FBS), antibiotics (penicillin-streptomycin)>Hyclone
AK(Logan, UT, USA) AlE2 ARSI, 1 2 FA|
A cyclooxygenase-2 (COX-2), inducible nitric
oxide synthase (iNOS), heme oxygenase-1 (HO-1),
nuclear factor(erythroid-derived 2)-like 2(Nrf2),
Lamin B ¥ p-actin® Santa Cruz (Santa Cruz,
CA, USA)ZXE 1Yttt Interleukin (IL)-6 9
tumor necrosis factor-alpha (TNF-¢)2] A= Cell
Signaling Technology(Danvers, MA, USA)2| A&
2 AHE5H9tE. Human recombinant low-density
87181= MerckAHDarmstadt,

Germany)Z 2 F5}1¥ 0™, interferon-gamma

lipoprotein}

(IFN-y), IL-4 recombinant= GenScript (Piscataway,

NJ, USA)=HH, 1 Hiof dodo] AMGH Aok &
T+ AIEE EF AlEE AREskalth
2. FEE9 Hx

25 uFstEH (K waruhaebackbanha-tang, KHB)
2 QI (Trichosanthes kirilowii Maxim.) 72g, S48
(Allium macrostemon Bunge.) 54g 4 BFSK(Pinellia
ternate Thunb.) 72g0 2 LAl on, T}-Zof sl
ZFEH(Kwaruhaebackpackju-tang, KHP)S I20|(T.
kiriowii) 108gZ} S (Allium macrostemonBge.) 81
g0 FWHS|H(HumanHerb, Gyeongsangbuk-do,
Korea)o| Al 45tict. € ARl 70% oflg-2
1 LE H7lsto] 42004 39 &<t witsto] A5
S #olg o, rotary evaporatoroA 7Y 5=
AAeRtt. KHB % KHP AJ&E T F
50mlof] o] FAson, 52 AX7|A
22 FEH RS Atk Alxo AFstr] flet
ZHA0Z 0.45ume} 0.224m2] syringe filterS 2}
Z SHAA ARSI

S\

Y
o

3. M HHQF 3 MIZO| MEE £F

AFES] ST ARl THP-1 A E&= A3
LS.3J(Korean Cell Line Bank, KCLB)|A Y3}
o, 10% fetal bovine serum (FBS, Thermo
Fisher Scientific, USA)Z} 1% penicillin-streptomycin
(Hyclone, USA), 0.05 mM2] 2-mercaptoethanol©]
X3 RPMI-1640 media (Hyclone)o|l A HiFaI
ok AlZ7F HiFR ALl 80% ol Wkt HUE o
AdeigS Ao, 37C9 &9k 5%9] o
ARlgart SEEESs FAS

Azl ofgt Ao BEE FF B7k= EZ-Cytox
H|Z AEE kit (Daeil Lab. Service, Korea)S 0]-&
sto] AAIskGITE WA Al B 96 well plateo]
5x10° cells/well 27402 THP-1 cellS &AZst1
A B HA AN AT FAS fEa

o AZEe] £3E fiste] 2F sk S0ng/mlo] =
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L& PMAE AFolglom, 48A17F 3 FBS7F A7t
E]x] 9k starvation HjAE w3eF & KHB 2
KHPS] 31 A 5k 200ugml7t HEE Algs
Refsto] 2441710] Ak The EZ-Cytox kitolH 7]
25 A%k 0 ol wet Y 39S Medslgle,
S-S TR A5 AL AEZ2 96 well plateo] A
multi plate reader (Molecular Devices, USA)o]|A]
ST 4500 EEE ZYEHA.

. SMEEM(Fluorescence activated cell
sorting, FACS)

Aol g AE THPIS AE HoES 6
well plateo]] 1.5x10° cells/well HZ A]7] & KHB
9 KHP7} 25402 100ugmlo] HEE 25
th 2 Ado: oA R (positive control) O.F
interleukin-4 (IL-4)Z AMSIHOH,  fluoresceini-
(FITC)-conjugated ~ F4/80 A
ARgsta]l  thAA|Z
(macrophages)®] FF FAS JASIETE Ml
stage®] HHAMZ S5 A 5= FESH A%
(biomarker)Z CD86 (eBioscience, Thermo) FA|E
ARESH3 A, M1 populationS phycoerythrin (PE)-A
PRI S Foto] AFHer Z4siqlth g,
HAA S SASHE 915kl THP-1 Ao PMAS
A5k, 100ng/mle A AthEA|(lipopolysacch-
arides, LPS) ¥ 20ng/ml9] interferon-gamma (IFN-
7)ol 48A17F 59t L= A|#A MI polarizationS &
SFaTE AIEZEA AAE= CyoFLEX (Beckman
Coulter, China)g ARMSIRY, AledH AZEYOE
ol45 A7 BHE ANl

sothiocyanate

(eBioscience, Thermo)&

5. thiEo] 22| ¥ Western blotting

3 gl |2 9] thl A2 Nuclear and Cytoplasmic
Extractionj Reagents Kit (Thermo, USA)YS A9
of Asd Aol wet B2E A% IS st
%t 3HH, Western blot 242 9J3h & ©HE9)
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Bl 3L o3t g WA AR 1X 5E9
phosphate buffered saline (PBS, pH 7.4)°.2 Al ¥
MAS st T protease inhibitor?} phosphatase
inhibitor (Roche Diagnostics, USA)7} A7}% ¢l
4 EE radioimmunopercipitationassay (RIPA)
buffer (Invitrogen, USA)E Z11F HIHFIL, cell
scraper 0] etubeo] $7 ik PR
4T 270Z 1500pmolA 2% Eote] HHo=
AT, ABAE FAGN] T ABE Sl
7] 7HA] -80C 249 2AL Wil Bt
A JZFLS bovine serum albumin (BSA)S I
ZZ 03 3 BCA kit (Thermo, USAYZ A}851%]
Om, 25ug protein /lane®] EEE Z&slo] 95C 9
heat blocko|A] 55 7+ AXAZ] & 10%9) sodium
dodecyl sulfate-polyacrylaminde gel electrophoresis
(SDS-PAGE) Ao 27| F5L ANsHeiet. olF
polyvinylidne difluoride (PVDF) 9foz thaizals
o]=Al7]1, 5% BSA7} SSE Tris buffered
saline-Tween 20 (TBS-T, pH 7.4)Z H|Eo0|& 3}
o] AgHE WAISh= blocking & ARsHA. o
AlZt & TBS-TE ©l-gsto] 5& 7o A& IAe
Al 2 AATskSIA, Atk AEF A tigohs @
AZA nuclear factor-like 2 (Nrf2) % heme
oxygenase-1 (HO-1)Z ARESIGITE E3F HESA
j7§A| 2 A inducible nitric oxide synthase (iNOS)
9 cyclooxygenase-2 (COX-2)5 ARE-sFTt A
= BT 1:2,00093%9] BSA7} Z3skE] TBS-TojH]
&2 3]45l0] 4CA overnight 5t A% §H-Z
SEAZE A4 TS ok F 24 e Lol
1:5,0009] HI&Z 1%9] BSA7} 8= TBS-TOA &
A7t B9 HESAIF 21, enhanced chemiluminoscence
(ECL, Thermo, USA)E ©]&3} Fusion solo
imaging system (Fusion solo, France) Ao|A &4
A0 H=se

6. MARE ZeEA AMUES(Real time-
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Polymerase Chain Reaction, RT-PCR)

PMAZ E3}A|7]1 THP-194 total RNAE 7]
95t 7Y 02 Trizol reagent (Thermo, USA)S A
2519121, Nanodrop Lite (Thermo, USA)YE o]-&
sto] Ak 519itt. 0.5g9] RNA 19] 18mer?] oligo
dt (Invitrogen, USA) @ 48419 DNase-RNase free
ultrapure waterE 40| Z 217} 50ul7t HEE
%A% 5 8 strip PCR tubeo]A] 70C 2A0Z ¢t
Ase Grolact IAAF L AccuPower RT
PreMix kit (Bioneer, Korea)o] A& W& whh
42T A 604, 94TolA 10% <+ A, &
A= ¢cDNAE 0]&5}o SYBR Green Master Mix
(Bioneer, Korea)S #7}sto] LightCycler 480 PCR
System (Roche, Switzerland)oA B2 SZ T4

Y53t Housekeeping gene© 2= GAPDHE
AgH908, ZE] ABH primerd] ALE THS
T} ZtH(Table 1).

7. M L X[Ee| =X HM(Oil Red O staining)

A W A8e] 42 B Slstol PBSE
ol &3t AAZ XYL, A2oA 5E F2% 10%
o] formalin §HOE VS AZTh o|F AZE
THA] 60%9] isopropanol© &2 Al ASH 60%29]
isopropanol©] =0}3l= Oil Red OA|eFOoE 55
59 G sisich H4He 2 ARe Al
(Olympus, CKX41, Japan)o|4] #5130, &
= ARE =0 5200moA FFEE SA5] 4
4 Z3e 2359

'101' —[olt
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i

o 1= oﬁ.

A T AFspateig) AFspo] qiAME S/g8le] njXE 9T (229)

8. SAIXzZ|

99Ene] BANE Hag + BEHHmeans
+standard deviation)Z WEMSY, 94 AZS
9ot TEIWHOZF GraphPad Prism 55 ©]-&3t
One-Way Anova R'HoJA Tukey’s Multiple
Comparison Test2] p Zko] 0.05 ©]3}Ql AH-ofqt
Qol Aoz gtk

2m o 2
E9] L-SNvascular aging)Z QUsto] LAY 4
T7|A Bolls AAAZ R S FA0lH,
WA Age] & ook odF AAMo=
hydroxyl-methyglutaryl-coenzyme A (HMG-CoA)
shdah A AEH(statins)o] HIAOITH?
ZY2HEY TS TAAE G50z IHA
A= A" ALY T ARZ  low-density
lipoprotein (LDL)9] €% W £A& o 50%7}1A]
BAAGE B} Yoy, A e 9
3 848 A8 7 75 A%t 5 U 48
Al AR A7l FH. Jejng, A
ALY oFE Foje FAE Aot olft: T
717 8ol WE WA BAE S5 ofdth=
AL Tt & 4 Qivh whEba], AEE

=Y S4HQ S AHE At 52 §A
0}“4/‘1 & BR8-S AAAIAL, YAl gigt A

2 2835 2 oL AgAAsto] ot 1 22 3Y

=2 a2 T ART

of 324 tijeto] Wk, AT 27 F49] Tk

0]
AN

Al
T

uel e m&

Table 1. The primer sequences of reverse cholesterol transport-related genes for quantitative polymerase chain reaction.

Primer

Sequence

ABCA1

Forward 5’-ACCAGTTTGTTTGTGGCCCTTTTG-3’

Reverse 5’-AGTTCCAGGCTGGGGTACTT-3’
SR-B1 Forward 5’-CTGTGGGTGAGATCATGTGG-3’
Reverse 5’-GCCAGAAGTCAACCTTGCTC-3’

GAPDH

Forward 5’-GGCCTCCAAGGAGTAAGACC-3’

Reverse 5’-AGGGGTCTACATGGCAACTG-3’
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Fig. 1. The effect of KHB (A) and KHP (B) on cell
viability in human monocytic THP-1 cell line. Cell
viability was determined using the cell viability assay
kits (Ez-CyTox). All data represent the means+SD of
three different experiments.

oA tjEAoZ WA= CD862 populationo] 7+
Achs o] FAIZ B4 Boto] ERAHAY (Fig.
]_

2, A and B). E3] Hol7t £3He KHBY| 3-99=
MIM29] M1 29| CD86 A 01x}7} S
W] L5 2aske Agol BAEgoH, ot wt

9] LIRS AJHol qwxﬂgu A%
A ZAGE H2H o2 Audsl= F_2 sl Ao
2 Hojxc}, wel 2229 deld a5oR W4T
I, FP-RE, 23l FET ool Hdeite 2
7 ey,

opgel Z3tolA KHB 5l KHP7} A4S Ml
gaHERe] Balg ofath Bae ugow
A4 319 AL BAS] gsto] oA AE
gl Bk A ol SEe gujd Sz
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Fig. 2. The effect of KHB and KHP on expression of CD86 levels in M1 polarized THP-1 cells. Flow cytometry
analysis (A) and CD86 population levels (B) on IFNy (20ng/ml) and LPS (100ng/ml)-stimulated THP-1 cells. All
data represent the means+SD of three different experiments. #P { 0.05 compared to untreated cells, and asterisk
indicates statistically significant difference between polarized group (*¢ 0.05).

A AZd Bt A} ulA 2= nuclear factor-like FEoulai o 2w E| Qi)
2 (Nrf2) ¥ heme oxygenase-1 (HO-1)& ARSI otH, SYAEEY 742
N AEEON B AT Bl A4 SE0ze Ase A%
%’\“V\J—(reactlve oxygen species, ROS) 59 #} (oxidized-low density lipoprotein, oxi-LDL)2] AJA4]
Jozue PAst ol Bz oA WPV A S BUSHY, FHFAYAG} 2L WY w34 B
AN HHZ o]F3 Nif2= AL HAL QALE A%k 477k A4 wEA "o, £ Adojae
48510] X% HO-I3} 22 ol /172] BMAL  odLDLE AT THP1 §7) $34Y gzl
A El=d], KHPE= Nrf29]  translocationS KHB®} KHP, 1181 €% EgAHE9 x40 &
148} F7FAFH o, HO-19] &S 2.48)] ol 50| <ottt 4R prava stating HRTOE
Th(Fig.3, A and B). T&H 2= KHPOJA HF ARgoto] 2149 4 IR A=E HAAHI HE
Sololgonz, WHel LaE ogels A€ol & ol8siol $4sich Ox-LDLE H4 Tz
A A AEdAG Aol B0l G RS wlsjel oF L7 ApBo] AE 1 ZHE R

o] g o)
AU A Pee

Q:

¢
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Fig. 3. The effect of KHB and KHP on antioxidant-related
protein expressions including Nrf2 (A) and HO-1 (B). Al
data represent the means=SD of three different
experiments. Asterisk indicates statistically significant
difference between untreated group (* { 0.05).

FOou, KHB ¥ KHP 121 prava statin 4
ol 7HA AEY 42 JAlSHATkFig. 4.
A). Oil Red O 3749 AF4 EAo|4= KHB7}
KHPHT 953 A%E Yo, prava statino]
2% T ehhe 904 ABE @k o3
WOIE TEHEL 1 4T 9L TR ol
U xR ARREH AEE AZY e
KHB7} fARE 852 Uedle AZ & 4 Uitk
Az W Ad &4 Ao 285k KHB %
o H8HL B4 Y U U 528 7
B3 43 S 2HEY A AR FE3 AxEY
G4 Aol BAY  ATP-binding
transporter ABCA1-S KHP7} ¥53] =2 ¥4 &

cassette
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Fig. 4. The effect of KHB and KHP on oxi-LDL-stimulated lipid accumulation. Microscopic images (A) and resultant
solution were measured at 520 nm under microplate reader (B). Rever cholesterol-related genes expression were
detected by quantitative real-time PCR including ABCA (C) and SR-B1 (D). All data represent the means *+SD of
three different experiments. #P { 0.05, ##P ( 0.01 compared to oxi-LDL untreated cells. Asterisk indicates
statistically significant difference between ox-LDL-stimulated group (* ¢ 0.05, ** { 0.01).
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Fig. 5. The effect of KHB and KHP on anti-inflammation-related mediator expressions including TNF-a (4), IL-6
(B), iNOS (C) and COX-2 (D). #P { 0.05, ##P { 0.01 compared to oxi-LDL untreated cells. Asterisk indicates
statistically significant difference between ox-LDL-stimulated group (* { 0.05, ** ¢ 0.01).
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