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Water Extract of Taraxaci Radix Improves Rheumatoid Arthritis Induced by
Type-II Collagen in Animal Models

Jong Hyun Nho', Hyun Joo Lee', Ji Hun Jang, Beo Dul Yang, A Hyeon Kim,
Kyeong Wan Woo, Tae Yeon Hwang, Jae Wan Seo, Hyun Woo Cho and Ho Kyung Jung'

National Development Institute of Korean Medicine, Jangheung 59338, Korea.

ABSTRACT

Background: Taraxacum platycarpum has been used in traditional medicine in Korea to treat intoxication and edema and as a
diuretic. According to previous reports, it has anti-cancer, anti-gastritis, and anti-inflammation effects. However, the improvement
effect of 7. platycarpum on rtheumatoid arthritis has not been investigated. The anti-oxidative and anti-inflammation effects of the
aerial parts of 7. platycarpum are different from those of its subterranean parts. Thus, we evaluated the effect of the water extracts of
Taraxaci radix (WTR) on type II collagen-induced rheumatoid arthritis (CIA) in animal models.

Methods and Results: Rheumatoid arthritis was induced by type II collagen. WTR (100 mg/kg and 500 mg/kg) was administered to
the animal models. Methotrexate was used as the positive control. The levels of interleukin-6, TNF-alpha, and type II collagen IgG
in the animals were measured by using enzyme-linked immunosorbent assay. Treatment with 500 mg/kg WTR decreased the serum
levels of interleukin-6, TNF-alpha, and collagen IgG in the CIA models. Moreover, treatment with WTR diminished the arthritis-
induced swelling of the hind legs and monocyte infiltration in the bloodvessels of the animal models.

Conclusions: These results indicate that WTR has the potential to improve rheumatoid arthritis by reducing the levels of inflamma-
tory cytokines such as interleukin-6 and TNF-alpha. However, further experiments are required to elucidate the influence of WTR
on signal transduction in vitro and in vivo.

Key Words: Taraxaci radix, Autoimmune Disease, Rheumatoid Arthritis

M oA of w2 F:AAY, 3) tFst ASHEL] Hf, 4) o3 7

HF WHEA T 2l Axke] wd FIPt A A

FolE|ABH L Bzl MAA 27 WMo Ak shu He EAS 7HKIYA 3% th Matrix metalloproteinases
2, guto] g3y #de] 5 2 45 WA 3, (MMPs)E EFS A 7S a4, interleukin 6 (IL-6)
A 2 WE &Y EAHE 7R AT (Lee and 9} tumor necrosis factor alpha (TNF alpha)s X33k 9%
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2= 52| = FE=2| FOEIS

al., 1996; Cheon et al., 2015). ¥4t olz} WS /2
she 9% WSS Sl FrEaTEde] 2HEe AR o
HA Ao W, olE ZAR sk vt AESE AA7E
AXLH 2 Yot (Kim er al, 2009; Kwon and An, 2013;
Kim et al., 2013a; Seo and Jeong, 2014).

HIEde Fshael] &obe thdd 2202, B mEw
5 Axe vl EFdoleie olglE B
AEt oA =2 ARSE k&A=t (Kim ef al., 2013b). =
el A= Qe TIEde tEde=E SRS (Taraxacum
coreanum Nakai), WE# (Taraxacum platycarpum H.
Dahlstedt), MY UEH (Taraxacum officinale Weber) 5°] &
A Atk (Choi et al., 2013). FEH= lusine?} leucine
23k G opnjiedbo] ShEo] UTial deA glom, H
B} C, taraxasterol, chilin 5 2] A&o] EHE Zo=w
BIEo] At} (Kang et al, 2000; Ryu et al, 2012).
Taraxasterok> pentacyclictriterpene® 2 FIE#| 9] o470 =2
Hiwlo] 93 FFvviEde] FHE AAlste] BEH 2
e oy A5eS AJANTI= E4d0] AThal dHA Uk
(Piao et al., 2015; Wang et al., 2016). o2] A7 Z3}o|
mEH WEEe o i FAks 9 g Aol
7F veRdtha Bl wah FopiE MEskeia §%S 3
7Fehe Aol 83 AeR AET (Kang er al, 2002;
Lee and Lee, 2008).

HEde #EE oA E490] B taraxasterolZt B%
Al &P A geket 4SRN vRIEd e F-9
HHLES WAAZ 5 A=A e S5
G oEM E AfeMs Wsd B &
SRR frE FrlEll #EY

22| A Al &

-1 =X
so] RrEls B 5H4S AN

1. 2= FE=2| M

B AT AMSE RS9 (Taraxacum platycarpum H.
Dahlstedt) ¥2]= Aot A=t} JF e} Harr)
Sk gkl el Al 45 AR AR A9
SRR R FefApA ROl Bysal itk B
AFU7F 50C =7

5l B& A8 FA9 10 wiE
ARS8t 105CellA] 5 A7 2
A4 F=7] (Eyela, NVC-
o] g3l 55CeA F=3IATh
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FEEE2 filter paper (Thermo Fisher Scientific Inc.,
Waltham, MA, USAYE AMsled oj3)st 5, FAAZE o]
&3l Adxsiich

AAANEE 473 ¢& F5ECl] oF 29%0] &5 AL,
AzE I9$YE= 0.5% carboxymethyl cellulose (CMC,
Sigma-Aldrich Co., St. Louis, MO, USA)l 5¢1 ¥ ARg-a}
Atk

2. & S2 U XA
2 A¥e TEESY AR 191d 5¢ 319 HE A
437935, XN 20159 1€ 204 HE A 130232)0l =4

g SRl EAlE Skl ] A& S U3 o)
A H A (FAUHE: NIKOM-2017-002).

T3 6 F% DBA/l PI-AE QEQIE HEO]L2 (Jeongeup,
Korea)l X it om, til 2502 #2siiiL viElae
Tt Atk (3R n=7, I n=7, FHHx
o n=7100mgkg W= g & FEFE FAT n=
7,500 mgkg WEY E] = FE2F FoIT; n=7).

Immunization grade bovine type II collagen (Chondrex,
Redmond, WA, USA)+ complete Freund’s adjuvant (CFA,
Sigma-Aldrich Co., St. Louis, MO, USA) E+= incomplete
Freund’s adjuvant (IFA, Sigma-Aldrich Co., St. Louis, MO,
USAYl ¢Hd3] =of ARgsidith & 2 &+ & Frlels &
S FEsislth

A WA FYL bovine type 11 collagenS CFA°l 1:1 H]
E2 o w2 W] ZIAe 100 4 E FYIAT A5
Y H, bovine type II collagenS IFAS] 1:1 H|EZE =4
k-2 A2l Z1AHel 100 (L5 FH AT

FrtEl s BEdE BF {23 §, Uz 252
methotrexate (MTX)Z 02 mghkg =2 3 F+ 5o A45
atlaL, el e & FEE Folde A4 100 =
500 mgkg E=E 3 F 5 AT Sk Aol Aed
Foge oy AYS Farste] AASAI (Fujita er al,
2001; Watcho et al., 2006; Patel et al, 2012, 2015), A&
o] By F AFFES IACUCY AHsE ] 7|zl wet

ojrtsleaE FEFAA EAE FAEAH.

3. F43t
Forels $AY Aol Frhels wagel fEE T
B 97 vhoh Wgskion, 2o Al Wy SYgos 27

=

5 Pe B QAL

3199tk 2250)= Endale 5 (2013)¢] WES &
o F3= 23 72t (0; symptomless, 2; erythema, 4;
mild swelling and erythema, 6; mild swelling, erythema
from the the ankle,

erythema from the metatarsal joints to the ankle,

tarsals to 8; moderate swelling,

10;
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severe swelling and erythema from the foot to the ankle).
Z2 3ol ol REIE ¥ (Nishikawa er al,

2003; Sun ef al, 2011l wet 24 W 452 AnFEoew

#ZEARL FA= o234 2o (0; normal, 1; cell

infiltration in synovial membrane, 2; cartilage erosion, 3;

erosion of subchondral bone, and 4; loss of joint integrity
and ankylosis).

4. Hematoxylin2} eosin &4

HE¥ vl 10% NBFl ZAste], 2242 348 5
sl slelplos Zojsigi. ¥k B okl 2o Buw
do] Holex 5ym FAR dHE AAEIA o™, Dako
Mayer’s Hematoxylin (Agilent Technologies Inc., Santa

- EEHO! - ARt - PP -

Louis, MO, USA)E o]&3l @At & Fsran|dslo] &z
3T

5. Enzyme-linked immunospecific assay (ELISA)
AU EAlsks IL-69F TNF-alphad] HI&-S Z4317] 9

3] ELISAE a3t QFeil $ol HES A1 5 BD
vacutainer’™ SST  tube (Thermo Fisher Scientific Inc.,

Waltham, MA, USA)ol o} A2 10 £7F WxsL
4,000 rpm, 4C ZANA 10 7+ A& sk 2el=
Mouse IL-6 DuoSet ELISA (DY406-05, R&D
systems, Minneapolis, MN, USA)3} Mouse TNF-alpha
DuoSet ELISA (DY410-05, R&D systems, Minneapolis,
MN, USAE AHS3IAL, A2 AZARIA Algshs 22

a3

clara,

(A)

Rheumatoid arthritis score

]

(B)

CA, USA)3# Eosin Y (Sigma-Aldrich Co., St

Bz wet Y.

I

I C1A +MTX (0.2 mg/kg)
I CIA + WTR (100 mg/kg)
I C1A + WTR (500 mg/kg)

1 week 2 week 3 week

MTX
(0.2 mg/kg)

WTR
(100 mg/kg)

WTR

NOR CON (500 mg/kg)

‘tn/

Fig. 1.

CIA

Improvement effect of WTR on type Il collagen-induced swelling and erythema
of hind legs. Mice were separated 5 group (NOR; normal, CON; CIA, MTX; CIA +
MTX, CIA + 100 mg/kg WTR, CIA + 500 mg/kg WTR, n = 7). (A) Rheumatoid
arthritis score was assessed weekly beginning from 14 days of second immunization.
Examiners for three times per week. Clinical assessment as follows; 0 =
symptomless, 2 = erythema, 4 = mild swelling and erythema, 6 = mild swelling,
erythema from the tarsals to the ankle, 8 = moderate swelling, erythema from the
metatarsal joints to the ankle, 10 = severe swelling and erythema from the foot to
the ankle. Morphological analysis was carried out on hind legs. Data are presented
as mean = SEM (n = 7). *p < 0.05, versus CON group by One-way ANOVA with
Tukey-Kramer Multiple Comparison Test. CIA, type Il collagen induced rheumatoid
arthritis. MTX; methotrexate, WTR; water extracts of Taraxaci radix.
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6. SHIXel

EAX2= SPSS (Chicago, IL, USAYS ©]&3te] SA#
g sIaL, BaaE FFAAE ek & kel Hdgk
ztol & AFsH7] flsted Yl EAHEA] (One-way
ANOVA)S 3 &, Tukey-Kramer Multiple Comparison Test
Z} Tukey Post Hoc Tests ARE3t] {94 p<0.05 =
AN SAZS ztolE HEEAT

Lo

A N 3
=

i}

¥
K

1. M2 22Riloll ool =3 2Eo| P30l thet LS|
T2 =2 FES9| g

Frlg 2 #-dY FE EdolAN UEY (Taraxacum

| FOEIX

S I L

rk

platycarpum H. Dahlstedt) ¥2] & F&5 (WTR)°| FH|g
ARl B4 NAAZ = A ot flsl AEe

stk FrbEls HEYE e HwslS o Fof 3
ZEE FAAUZT (methotrexate, MTX) Zw2] 71 E37t
freld oz vepon, v ¥ & FEFE 100 == 500
mgkg TS o] 4 FAREE FE3 Zhlo] fdEE A
°o2 YUeth (Fig. 1A and 1B). 23 7]|7to] Zojd¢=
&2l CIA%E arthritis score’} 7HAEE a3 YJeplie
), ol FulElL: HEA f § 750 AdR R ZolE
A Ho] AR arthritis score”} AAEHE AOZ UERdTh
(De et al., 2017; Sun et al., 2017). A2l duke wyg
TEo] HEFo] Jar, Gt e HATA wizlAAE SR}

o] fibroblast-like synoviocyte, T3] (mononcyte), & E

N

(A) 140 (C) Knee joints Synovial membrane
Z ol 4 RS >
E ~ o 5%
£ 100 _ S [ .
| * . NTL"'\ S
% i N
=
PO
; 40 + z v e s
1) o
=20 - o M, A ¥
0 A 4
NOR CON MTX WIR WIR : SR
(02mgkg) (100 mgkg) (500 mgkg) a ¥ | #
c1a XD Tl NS
B) ) SE \ N
5 = L
) -
4 5
] — /\ v “J o
3 Z 4 ‘
w3 x == ¥ 4 A
= * 5E 2 ¢
2 -3 y
] Sh
- ;- |
& - -
1 /> e
_‘:“ 2 "
CON MTX WTR WTR Z e
(0.2 mg/kg) (100 mg/kg) (500 mg/kg) 0
CIA N
Fig. 2. Improvement effect of WIR on type Il collagen IgG level and infiltration of

inflammatory cell in synovial membrane. mice were separated 5 group (NOR;
normal, CON; CIA, MTX; CIA + MTX, CIA + 100 mg/kg WTR, CIA + 500 mg/kg
WTR, n = 7). (A) Type Il collagen 1gG in serum are analyzed by ELISA. (B)
Histological score determined on H&E stained sections in different groups.
Histologic scoring of inflammation and bone erosion was OFerformed by three
independent observers. (C) Representative images were stained by hematoxylin and
eosin (H&E) staining, infiltration of inflammatory cell was indicated with black
arrowhead. Data are presented as mean = SEM (n = 7). *p < 0.05, versus normal
group; *p < 0.05, versus CON group. Between groups comparisons were
conducted using one-way ANOBA with Tukey Post Hoc Test. Statistical analysis for
histological score was conducted using one-way ANOVA with Tukey-Kramer
multiple comparison test. CIA, type Il collagen induced rheumatoid arthritis, MTX;
methotrexate, WTR; water extracts of Taraxaci radix.
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(macrophage) 2 TAFAIE (dendritic celly$} “E2}-8-51o]
ARG A W& = o] WHF-glol] FFo] F=2%]
A Uehde 4@l e 2oz defA Utk (Burmester er
1983). B3+ type 1I collagenell ©J3 fi=¥ Fwie]= 2
£ synovial hyperplasia, pannus formation % H5E4]
ghohar A USL (Song er al., 2015), M= 5
o] olg|gt 54L& M7= Et Tk AlsE
Z25A A g Julg s Bl Aofshke &
FEAIAE Sk AP Qs

f= = =1

al.

" o o2~
H

:

}]1

O 9 g mo m

2. 29t ASMIE AR M2 2kl ApretHlol tfst
oI %2l 2 FE22| gt
B mEd FrpE]ll B A
Aol type 11 collagenol] tlgh 271aA71 EAllsl= Aol Bl
o] o™ (Jung er al, 2003), Zutol] GHTZE H|E3) o
2] EAEE] Aade Zog dHA Ik dFAEe] 3
2 THE 2 B2} 3 3 & ol A3ulzldA)
£ Asied ole FrlEls BEHA BES dsATe
o8] FHZF sl &3} (Gordon and Taylor, 2005). ©]&
St olfpol] wE} RIS e B FEEo] E ASAHE A
I A28 FEE A7 gisl A ESE vERr 5 3l
A Yol izl AFE Y3t FHolA A28 Fepile
AVAE S A, FriEs 3EE TS 1073+
13.5 pgmlE S7HEJAL PPN 539+ 11.6 pgml = fr
oFoZE ZHAEHFYOH, 100 B 500 mgkg FE2 RIS
B B FEE 5o 27 80.6+5.89 69.7+6.2 pg/ml
2 500mgkg WEY e & FEE FoiTo] 100 mgkg F
ool HlE] 37t =AW AT Bl A ETot

sAe] W B

=

L ff o

(A) (B)

serum (pg/ml)
(pg/ml)

IL - 6 in serum

TNF - alpha in

CcoN MTX
(02mgkg) (100mgkg) (500 mgke)

WIR WTR

CcoN MTX WIR WIR
(02mgkg) (100mgkg) (500 mgkg)

NOR

Fig. 3. WTR administration decreased the serum level of IL-6
and TNF-alpha on type Il collagen-induced rheumatoid
arthritis models. Mice were separated 5 group (NOR;
Normal, CON; CIA, MTX; CIA + MTX, CIA + 100 mg
/kg WTR, CIA + 500 mg/kg WTR, n = 7). (A-B) TNF-
alpha and IL-6 in serum are analyzed by ELISA. Data are
presented as mean = SEM (n = 7). *p < 0.05, versus
normal control group; *p < 0.05, versus CON group.
Between groups comparisons were conducted using one-
way ANOBA' with Tukey Post Hoc Test. CIA, type Il
colégen induced rheumatoid arthritis, MTX; methotrexate,
WTR; water extracts of Taraxaci radix.
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- SR - AMRgRE -
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Uit} (Fig. 2A). H&E G412

Hes AR a2 z2 Yepd A, [t
ol Hlal etz 500 mgkg RIS e
oto] Eute] AFA|E FFo] AAT FoEo] FolFoR
NAEasE JepIT (Fig. 2B and 2C).

Methotrexate™= LA Z o] &=7] A&7} Fule] 2 &+

>

A9 2 HAl JrlEls A3 a35 Uehlo] &3] AR
= JEE IdHA 921, aminoumidazole carboximide

ribonucleoide (AICAR), dihydroflate reductase (DHFR)<}
transformylase (ATIC)S 313 A o] 2 FJnk-gof
Fofsle ©iE RS AAIShs 7152 7EA Al oA
21-8-3l+= adenosine (C}H|:=A1)YS F7HAIZ]IAL pyrimidine (2]
ne)e] S Asfigtial g A Aok ol v T
T B AEE EFehe ofe] AAZAA A5t
2 Z83l= TNF-alpha, interleukin-12,
interleukin-8¢] A4S AlE] ASHHES
and Hughes, 2004). olol w}, TEH
methotrexate®} WIZIA R @FS oA
Q Fepl AR et 24 Jiel dad
WA= B3 YEpITHL AR E A
$8 &l EAS= TNF-alpha®} interleukin-6Z
AFS K3t

interleukin-6 %
AA| gkt (Whittle

14
=

-.~
o

3. GS0HRIXIol thst SIS %2l 2
FulElZ BEAAA ASHNIAE
TNF-alpha¢} interleukin-6= S-S
FulEl2 kel B gl gutel] A ok oy
g degel AFAH T collagenase 2
stromelysing¢] THA Faad ArhS FZIAFITAL By
o] 9th (Saxne er al., 1988; Shingu er al., 1993). o|#3t
ol ueh, WEY By & F=E°] 8% U TNF-alpha
9 interleukin-62] T8 MAAZ & A=A LolR A A
A&t S Zal TNF-alphad] F25 Z2a| &
Az FrlEls BEE =TS 101.7+21.8 pgnd 2 FA)
ot Bl ElglS o) fejHoR FURIen RS
39.6+ 4.4 pg/ml, 100 == 500 mgkg H1EE e & F25
2 7}z7} 827+ 3.4 pgml ©F 458+ 7.9 pgml 2 YERSITE (Fig.
3A). TR0 2 interleukin-62] 8% F=v FrlE|S IEF]
408.7 + 18.4 pg/ml, FANZFEL 126.6+ 17.5 pg/ml, 100 &
= 500mghkg WIEY HE B FEES 77 2604+155
pg/ml 9k 190.0+ 13.2 pg/mb 2 YEPSHTE (Fig. 3B). 234E &
Fe o, FrlEl: HEYE S A A4S BT
Frelg oz AZNRIAE /AN A eE YERT
TNF-alpha= ti7-2 €443} 229 T lymphocyted]
o] A=, @ YTolA endothelial leukocyte®} “E 2}

S
=

o)l =
AT

SRS
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435t E359H83 ICAM-1 (intercellular adhesion molecule
1), VCAM-1 (vascular cell adhesion molecule 1) %2 E-

selectin® F 33} adhesion molecule®] TS ZZIA|7Ith
(Bradley, 2008). Interleukin-6= 3% Z71HAlolA =M,

A E 2YskE B3 BEe] 999 35 (neutrophil)®]
o]l Fefe Hut o} AP RES A FAE A8t
BHIEZ2] AJ<ol] 2H&-3H} (Tanaka et al, 2014). WS
o]2|3t TNF-alpha ¥ interleukin-65 7
e, olg /A e

ABIAL endotherial cell®] pannus B/
FA| o] HPFACl HAY AOR e, o]& glar]
3“ 5 BdoA oy dFAEe] e 9 whild u

5 27 o] GEOINEAL

243k 27} 4ge] Fa
ok Az,

*’r

Al
hij
i
o o 4o 2 af B

_IlNA

L

20| 2

[‘F

SERS
o s

BANAR % BEAL) Aok
olFoixl Az ol WAEYULE.
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