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Effects of Akebia quinata extracts on skin inflammation control and
keratinocyte proliferation inhibition in IMQ-induced psoriasis skin model
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College of Korean medicine, Dongshin University

Abstract

Objectives : This study aimed to investigate the anti-inflammatory effect and anti-proliferative effect of
Akebia quinata extracts using cellular and animal models and to explore their potential mechanisms.

Methods : Cytotoxicity was assessed in normal human dermal fibroblasts (NHDF) and RAW 264.7
macrophages using the WST-8 assay. The inhibitory effect on cellular transformation was evaluated using JB6
Cl41 mouse epidermal cells exposed to 12-O-tetradecanoylphorbol-13-acetate (TPA) in a soft agar assay. In
RAW 264.7 cells, inflammatory response was analyzed by quantifying TNF-¢ and IL-6 production after
stimulation with imiquimod (IMQ, 5 ug/mf) using ELISA kits. For in vivo analysis, an IMQ-induced psoriasis
skin inflammation model was established in C57BL/6 male mice, and the therapeutic efficacy of AQE(Akebia
quinata Fthanol extract) and AQW(Akebia quinata Water extract) was assessed by PASI-like scoring, epidermal
thickness (H&E), and Ki-67 immunohistochemistry.

Results : Both AQE (25-100 ug/mf) and AQW (6.25-25 ug/mi) exhibited no cytotoxicity, maintaining over 80%
cell viability. AQE and AQW significantly inhibited TPA-induced anchorage-independent colony formation in
JB6 cells, indicating anti-proliferative activity. In RAW cells, AQE and AQW significantly suppressed
IMQ-induced TNF-¢ and IL-6 secretion while maintaining cell viability, confirming non-cytotoxic
anti-inflammatory effects. In the IMQ-induced psoriasis mouse model, treatment with AQE and AQW
markedly alleviated erythema, scaling, and thickening of the dorsal skin. PASI-like scores, epidermal
thickness, and Ki-67 expression were significantly reduced compared to those in the IMQ group.
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Conclusions :

Akebia quinata extracts inhibited proinflammatory cytokine production and reduced

keratinocyte hyperproliferation, thereby improving psoriasis pathology.
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Fig. 3. Cytotoxic Effect of Akebia quinata Ethanol
Extract and Water Extract on NHDF Cells.
NHDF were treated with various concentrations (1.56—
100 ug/ml) of AQE or AQW for 24 h and 48 h,
respectively. Cell viability was determined using the
WST-8 assay. Data are expressed as mean * SD.
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Fig. 4. Representative Images Showing the
Inhibitory Effects of Akebia quinata Ethanol
Extract and Water Extract on TPA-induced
JB6 C141 Cell Transformation.
JB6 Cl41 cells were cultured in 0.3% agar over a 0.5%
agar base layer containing 10 ng/m{ TPA and treated
with either AQE (25-100 ug/m) or AQW (6.25-25 g/
nf). After 14 days of incubation, colony formation
was visualized under an inverted microscope.
Representative images of the soft agar colony
formation were obtained by microscope at a
magnification of 40x.
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Fig. 5. Quantitative Analysis of The Inhibitory Effects
of Akebia quinata Ethanol Extract and Water
Extract on TPA-induced JB6 Cell Transformation.

The number of colonies formed in soft agar was counted
in four randomly selected microscopic fields per well
using Image-Pro Plus software (v.6.0, Media Cybernetics,
USA). Results are expressed as mean * SD from three
independent experiments. Significant differences between
the untreated control group and the treated groups were
analyzed; ###p<0.001 compared to untreated control
group. **p<0.01 and **p<0.001 compared to TPA-treated
group.
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Fig. 6. Inhibitory Effects of Akebia quinata Extracts on IMQ-induced Proinflammatory Cytokine Production in

RAW 264.7 Macrophages.

RAW 264.7 cells were treated with AQE (50ug/ml) or AQW (6.25ug/ml) simultaneously with IMQ (5ug/mf) for 6 h.
The concentrations of TNF-e¢ (A) and IL-6 (B) in the culture supernatants were quantified using ELISA kits

according to the manufacturer’s instructions.
Data are presented as the mean + SD.
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Fig. 7. Cytotoxicity of Akebia quinata Extracts in RAW 264.7 Macrophages.
RAW 264.7 cells were treated with AQE (1.56-100 ug/ml) or AQW (1.56-100 ug/ml) for 24, 48 h without IMQ
stimulation. Cell viability was assessed using the WST-8 cell viability assay, and absorbance was measured at 450
m. Results are expressed as the percentage of viable cells relative to the vehicle (0.1% DMSO) control group. Data

are presented as the mean + SD.
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Fig. 8. Experimental Timeline and Body-weight Changes in IMQ-induced Psoriasis Skin Inflammation
Model.

(A) Experimental timeline showing the topical application of Akebia quinata extracts and IMQ. C57BL/6 male
mice (10 weeks old, Samtako Bio Korea) were shaved, and after 4 days, IMQ (3.125mg per mouse, Aldara® 5%
cream) was applied daily to the dorsal skin for 6 consecutive days. AQE (50-100 mg/kg) or AQW (12.5-25 mg/kg)
or clobetasol 0.05% (Sigma-Aldrich) were dissolved in acetone and topically applied 30 min before IMQ
treatment.

(B) Body-weight monitoring during the experimental period. Data are expressed as mean = SEM (n = 4-6 per
group).
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Fig. 9. Representative Photographs of Dorsal Skin
Lesions on Day 3 in IMQ-induced Psoriasis
Mice.

Images show early-stage erythema, scaling, and
thickening of dorsal skin following IMQ application.
AQE (50-100 mg/kg) and AQW (12.5-25 mg/kg) treatment
visibly alleviated erythema and scaling compared with
the IMQ-alone group, exhibiting a concentration-
dependent protective effect.

Fig. 10. Representative Photographs of Dorsal Skin
Lesions on Day 6 in IMQ-induced Psoriasis
Mice.

After 6 days of IMQ application, severe erythema,

scaling, and hyperkeratosis were evident in the
IMQ-treated group. Both AQE and AQW markedly
reduced these psoriasis symptoms. The AQE 100 mg/kg
group showed the most pronounced improvement,
comparable to the clobetasol 0.05 %-treated group.
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4 [L-6 FHIE A5tk AA 25
gt WST-8 AIZ AJE& EA04, AQR(25-100ug/
md) 2 AQWI(6.25-25ug/ml) H2] Al 85% oAkl A8
E&o] A= Fig. 7).
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o
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4. K@ FE29 44 IRY 014 ZH0AQ]

C57BL/6 47 uke-A0] Aldara Z3(5% IMQ)S
S 9ol 6¥7t =xste] AA mRd ndS 4
SFAHFig. 8A).

1) A5 w3t

IMQ A2l T 2-3% Ao AAHQ AF FAS

5 o=—p=\/chicle
=@M
= || Q+Clobetasol 0.05%
4 {2 IMQ+AQE 50mg/kg
== |\ Q+AQE 100malkg
A IMQ+AQW 12.5malkg
3 == Q+AQW 25mgikg
== only AQE 100ma/kg
== nly AQW 25mgikg
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FoLt, 497} o] ¥ HE = HRHOR JELE HTF
< Hloh W, Al FEE(AQE 100mg/kg, AQW
25mg/kg) ©Y Aol AF 7z 59 /gt
AE a7F TEEA A9k Fig. 8B).

2) TF ¥Hol k4 W3}

IMQ ©= AgoAs =X 3UXEE 5 2o
Feh ghh M, T vt BEEATHFig. 9).
TX 64Ol HH 97t iElo] HF Al A4
TEY Fdol Uehtt (Fig. 10). ol vhef Ai@ 5
ZE(AQE, AQW) AgoAE ol i o]
AslEl= AL oIt E3] AQW 12.5mg/kg A
oA Hl} Q1Mo] 7 axtEog A H

=g="/chicle
== MQ
&M Q+Clobetasol 0.0586
= IMQ+ACE 50mg/kg
== M Q+AQE 100malkg

E=
]
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=M Q
=M Q+Clobetasol 0.05%
8 J-a—IMQ+AQE 50mgkg
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Fig. 11. Effects of Akebia quinata Extracts on PASI-like Scores in IMQ-induced Psoriasis Mice.
PASI-like scores were determined based on skin thickness, erythema, and scaling. Scoring was conducted daily by
blinded observers according to standard criteria. Data are presented as mean + SD (n = 4~0).
#p < 0.05, ##p < 0.01, ###p < 0.001 vs. untreated control; *p < 0.05, **p < 0.01, **p ¢ 0.001 vs. IMQ group.
Data represent mean = SEM (n = 6).
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o =& ¥ A7} Clobetasol 0.05% A2]3}
FARE 20 IEEQIY. AQE AZFAE &
T &Aoo g FA4fo] ASFE o, 1 Bk AQW
12.5mg/kg AT tha 29tk AQE E= AQW
o= AERolAe S92 ool TEEA] it
(Fig. 10).

3) PASI-like ¥4 W3}

A o] g AE2A ZHh M, mi
A9 Aol 7123t PASI-like M-S 243 23t
IMQ A& Fol 39xHEE PASI A47F 349]
g5kl 5UAe] HhAo =gsigict. ¥hE, AQE
2 AQW AZlZoAe B JEH o= PASI-like

— —
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+ AQE"I-EIDH

mg" iy o

IMQ b
+AQW 1a}§ mg!kg
’“ﬁfl'_‘i!r &

e 1 —_

o i

Fig. 12. R

Paraffin-embedded dorsal skin sections (5um) were deparaffinized, rehydrated, and stained with hematoxylin and
eosin according to standard protocols. Representative images were captured using a PANNORAMIC Digital Slide
Scanner (3DHISTECH Ltd., Budapest, Hungary) at 20x magnification. Scale bars = 100m.
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M7t gasielth. 5351 AQW 12.5mg/kg Azl
IMQ T tiH] oF 36.2% o] HAE Hlom,
Clobetasol 0.05% A2} SARSE 2507 ZA4)o]
Aokt ghE, AQW 25mg/kg AlEltollAls o
H| % 9l Q1] F71R QIsf PASI HAF A7) i A
SotRoH, AR SR FoRt Aol TEEA oot
tHFig. 11).

H&E ¥4 ZA3KFig. 12, IMQ &= AZlP) oA
£ B39 AAT HFe} AFTAE A9 F7Pt
=) ¥, AQE(50-100mg/kg) 2 AQW(12.5
-25mg/kg) Aol ofefdt 2A8Hy WS} =
off =A &3t=A o, E5] AQW 25mg/kg Aol
A BEE 127t vlnd A FEHs A5
t}. Clobetasol 0.05% A2} H|wstolE o <5
3t i1 25 9 g5 oA a3ks B9t

ek BA AukFig. 13), IMQ ©% A2#o] B+
2y SAE 472 + 6.4m=E ZAH15.6 + 1.2um)
off vlste] 3uf = FALHCH, AQE 100mg/kg A
gl2o] Bt B3 FAE IMQT tiH] 9F 33.6% (p <
0.05), AQW 12.5mg/kg #2]tolM= 40.9% (p <
0.01)¢] freJst FA HA7F FEE Ik

S K@ FE29

Ki-67 HzAsket A ZiKFig. 14)° AAIE
ZpolA, IMQ SEAZTE HF Al ZA
Ki-67 S@o] ¥&=Qlet. ¥H, AQE(S0, 100mg/kg)
2 AQW(12.5, 25mg/kg) AZlFolA= Ki-67 E&o]
A8 rastglon, B8] AQW 12.5mg/kg A
oA Ki-67 do] ¥ dAlE HFE EHth
Clobetasol 0.05% A2+ T3 Ki-67 do] JA|

12

H FFE 2 (p € 0.9).
e B ANFig. 15), IMQ ZoIA Ki-67 &&
H[go] thxz o] oF 4.8u] Z7sigou, AQE

100mg/kgollA= oF 65.0% ©lAF ZAsHem(p ¢
0.001), AQW 25mg/kgolX = F 69.0% o14d<] &
olgt 7+4 7o) RIS (p < 0.001).
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Fig. 13. Quantitative Analysis of Epidermal
Thickness in H&E-stained Dorsal Skin.

Epidermal thickness was measured in three randomly
selected fields per sample using Image-Pro Plus
software (v.6.0, Media Cybernetics, USA). Data are
presented as mean * SEM (n = 3 per group). ###p <
0.001 vs. untreated control, *p<0.05; **p<0.01;
#5{0.001 vs. IMOQ-treated group.
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kB, JAK/STAT, MAPK A1&Ad ooz Mrgec}
719 olefgt 4% Rt A&EH AL T4
o Gl AsiEo] £ Skt /o] v
Bhdth 53] [L-23/IL-17 W% 2 74 B9 &
A ZAEE 4EA on, o Fre AdH A=
AN, SAVIAE S)O1A 2H|EE TNF-e, 11-6,
IL-18 59| A5HEe] 39 Aoz 285t 24
i}%ql,z,w—zs).
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Fig. 14. Representative Immunohistoche
Paraffin-embedded dorsal skin sections (5im) were stained with anti-Ki-67 antibody and visualized using DAB,
followed by hematoxylin counterstaining. Images were scanned using a PANNORAMIC Digital Slide Scanner
(3DHISTECH Ltd., Budapest, Hungary) at 20X magnification.
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Fig. 15. Quantltatlve Analysis of Ki-67 Expression
in Dorsal Skin.

The proportion of Ki-67-expressing cells was
quantified in three randomly selected fields using
Image-Pro Plus software (v.6.0, Media Cybernetics,
USA). Data are expressed as mean + SD. ###p (
0.001 vs. untreated control; *p < 0.01, **p < 0.001
vs. IMO-treated group.

9kgo] WA, oliFt S5 AME X
gk oot Y X5 A=Y A 5848
oq_éqjl-ﬁ).

atofstol

b oo

A4S BE-gUEE BRotal, Mg,
I, L 54 HQlol whet AL R IR T
o] RS Hgs) PP, ot A% Wrle
A AolA 11]’\]'5}—‘5 7149] gt Fekt. A
Az AL Huw BgeEiKSinhyotaklisan) A+

oA TNF-e¢, IL-6/IL-8, NF-«B, MAPK,
VEGF-HIF-1e =27} A4 9] 44 vf7do]
slolzlglom, tJBE-thEA  Ho| psoriatic

lesion®] A3, 34, BRI FAl 2l o

a8he ANSIAT?. w3 AT ST A
WH G AW 29T AT B3 DL
37}, HDL %4, ¥1) A9 72 op So| A4l ¢
Zh A5 il e whsle Sstel, A3
Bt 280] Ad Az A2 Fo] F 5 U
(e pL

offgt Al 274%% FATE 1, A4 A=

G gelg #40
e Al 243 > g

% Sek. oleiat Wield

E
[
ic)
o,
1=
lfo
_?_15
(o
oN 1S oF

14

Tkt ohjet 1X8% M EakE w9
of, # Aol 94 8REAL 5L Wt
sk shoich?,

AKili(Akebia quinatare CE5F2H0| &=
2 FEAER, SOfSolA olke, &Y, X5,
HFIE 50 e TR BEHO] %M“”D F8
AREA] AEoZLE akeboside A triterpenoid
acid 7§t
triterpenoids, Z12]1 flavonoids ¥ phenolic T+
JEdo] FH3A EgEo] 9oV, o F
akeboside St, hederagenin, oleanolic acid ¢
IRIEE FAT AL et F, ol a
g Yeiie AR IA AP0, 712 A7
OEY, Al FEES ok, 1F A, A HT, 2
5 395 2 it ZIE EpAOE D,

I8Y KEe AA3 722 dbky d=4 ﬂ‘ﬂgﬂ
of &3 A= Bad Hf gick d
5 9 A} GA4o] IF AF WS} Al F4 o]

saponins, hederagenin-oleanolic

= °
8% 7HsAo] Utk et olo] & Ao

Ae TS AsstLAt sl

A NHDFe vt AQESH AQWe] MlZ=/dS 3
7F517] Y8l WST-8 assays $=345l0] 48A17F Al=E
AYEEo] AQEE 100ug/mi7HA, AQW= 25ug/mi7F
A A2 W 80% oV AEES FAIsI 712 =
/3ol W22 FRIst. (Fig. 3). WetA o]%-9] A=
AANA AQE= 100ug/mi7HA, AQW+= 25ug/ml7t
A9 s=E ARSI

T3E TPAR %9 JB6 Cl41 AlE #g 2o
A FEiehy HPge AAlskeAl H7Is] AAsh soft
agar assayg THoIZ W, colony F4& &
oEHoR AAlsIATHFig 4). ol Al FEE°I
TRAIZS] wAAR] S4 9 WY e 2k
o= AT 5 ee AR, AAA9 2%



A 9 3 1 IMQ-fie A1 TR kil FEEQ] i

AME 24 9 22 8|S AA| 7| A7} ﬂégqﬁl)
£5] AQE 100ug/ml A4 colony 84 4=
TPA 9= o] ¢k 51.5% oAt 7Aasigor,
AQW 25ug/ml A]TtollAl 45.0%7F Aokt (Fig.
5). ol Ai $%80| TPA-FE ME W3S avt
Moz opake o3l

HAAIZT RAW 264.72 ©l83to] Al +E=2

IMQGug/ml) A=l e B34 Al E71RI &H] vt
S2 EH519tt.  IMQE  Toll-like  receptor
7(TLR7) & A=3to] MyD88-9J&A NF-xB %

MAPK Alsdg ARE ZA4A7|H, o= <l
TNF-a8} IL-6 22 934 APlE7RI0] F43] &
vl A(Fig. 6). B AFolM AQE(0ug/m) 2
AQWI(6.25ug/md) A2 Al IMQ-f= TNF-¢ %
[L-6 2|7} AA=%1A, WST-8 24 A3} 85% o]
F9l A gEgo] fAEO] HEg WY W Zvl
o] YS=AKFig 7). olfdt A= Al FEEO|
thaM oA FF/ ARIEZIR] S AAdoR
W in vitro N4 B ¥Hs 24 7M53E B
Zm o|gjgt HAAIE 4:29] A= jn viveolA] T
e w95 dot U AE 4] oA JgHoz
Adgt
0101 IMQ-%& A4 FRY vpeA HES

B F2EY TY HY 93t 9 AlE 4] 4 |
JJ~ H7lstgitt. o] mEl Alre] A4 wEjet fAb
ot 13 v, QA %*é, S "M AE 5=
Adsh= EHM SELdolth & A¥e
495H  6YTt 7!%5 FZE(AQE, AQW) H
Clobetasol 0.05%% olAd|&] &5fiste] L F-Holl
2004 ER8lgon, 305 & Aldara 28 mY
13] =2519ckFig. 8A). IMQ A8 & R LA
2l AF i 49 & o] FRHoE IEEQ]
tHFig. 8B). o= IMQ F%= ¥3F §hsol w2 LA
2 AEFA HEGOR SiMECh W, Al FEE

(AQE, AQW) & Hzlollr= AlE A4k

A5 2200 A 4] ool iR Tt

(Fig. 8B). ol Al FEE9 A7 sLolA A4 =
do] FHEEA] AdokeS AAFRITE AQE E AQWE
Aefet 22 IMQ Tl vlsf mF o] Aste
L Zo] BAEQHFig 9, Fig 10). &, PASI-like
H&7h FolstA A4sSitkFig 11). ole Al &
Eo] IMQ-#& 74 mRHY ddd FHHR o
S WS, 43hE anFoR AARS YS3ith
Al 2E(AQE, AQW)°| IMQE G=H AA 3
£ oA o] 2oty wsks At 4= 9l
L2 grkshy] Q3 H&E @A) Ax} 3y bjs7}
FA5] At it ol Al FEE(AQE, AQW)O]
IMQZ R T I35 whed} Z4APAAIE] v
A S0 Qg 1y v$otE avHoF o
A Quigitt. wEbA Al FE2E2 15 AEY
gt SAE REstl 954 nAIgES Asite.
24, A4 F5e] WY WS Aslels 225}

X HS avs 7= Zo= wdEct
Ki-67-2 AlZo] 34 &S tiitoh= AXE,
A | RofA FeoshA] SAsHE AN F4

BEE Btk 8 BAEARZ (31}3174 At =
ATAAE IMQRE =8 A4 Hi =l
oA A FE=(AQE, AQW)°] 24 o5
Al Ao mAle FF= ERlst] s Ki-67 fale
ZAgkst A (Immunohistochemistry, [HC)S A
ARt A} ZAGGAIR] 54 JAI7E ERlEloH,
ol Al FEEo°l IMQE f=H HREARZY v

Al 4] ARG Ao =N A mE HE9
NS Gt ¢ U2 AR webA Al ==
2 14 SRR HEdE oA F837F 9L ot
L AE 24 23 QiR 283 7sAo] 9tk E
5] AQW(12.5mg/kg)ollA 7P =gt 71 E3p7h
B, ol 84 AR
triterpenoid saponins)® A ol&E F= TF I
o E-HO] AQE®} Alol5 HelE 7FsAo] Sl o=

i 289 &% Ao/} T & BAVL ofd

i
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hederagenin, akeboside D §)& £&-5%3l1,
A 2 B8 AT A7 D 1-23/11-17 W=
it A& 7hsds F7HCE e dart Qi

3t 3D human skin equivalent =& @ HUA}

QIS Eg) D} A= Z4 MYA, FEZEEA

EAE B3, Al F2EY P A EA

A4 g8 7FsAE B TANE 4 94 Aol
V.2 B

1. AQE ¥ AQW4= NHDF A|ZofA] Z49& LeR
A ogokom, AL Q=g 80% ol4foR QAo
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2. TPAR §%31 JB6 Cl41 AlE 3 A3lolA AQE
2 AQWE 5% AJLE Az HEE JAlst
o, oA L] B]HAFH A 2 78S
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3. HAAIZS RAW 264.7 MZolA 42883+ ELISA
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AQWI(6.25ug/kg) AEloll sl HAstoict.
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