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Anti-Colitic Effects of Herbal Medicine HPL-01 on Dextran Sulfate Sodium
Induced Ulcerative Colitis in Rat

Hyoung-Kwon Jo, Dae-Sung Kim, Seong-Wan Cho', Na-Rae Shin’, Young Mi Park’,
Hak Yong Lee’, Dong-Yeop Shin’*

Central Research and Development, Hanpoong Pharm & Foods,

1 : Department of Pharmaceutics & Biotechnology, Konyang University,
2:INVIVO Co. Ltd.

This study aimed to investigate the anti-inflammatory effects of herbal complex HPL-01 on dextran sodium
sulfate(DSS) induced ulcerative colitis in rat. Adult male Sprague-Dawley rats were randomized and divided into six
groups. Five groups, excluding the normal group, were orally administered orally HPL-01(50, 100, or 200 mg/kg) for
21 days, and acute colitis was induced during the last 7 days by 4% DSS in the drinking water. The HPL-01
administered DSS-treated rats exhibited significantly reduced colon macroscopic damage index and increased body
weight and colonic length 7 days after DSS treatment. Additionally, these rats showed lower serum levels of the
pro-inflammatory cytokines TNF-a and IL-6 than those treated only with DSS. HPL-01(100 or 200 mg/kg) also
attenuated the DSS-induced increase in the number of white blood cells, granulocytes, and mid cells and improved
intestinal damage. Taken together, these results suggest that HPL-01 is a promising anti-inflammatory agent that may

be in the treatment of colitis.
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AHES] gtou AU 584l 19, £, g1, gf I7, 9l
g, AlSZE W 7, A9, mE 59 BAEo] e Ao &
A A, mety 7|1E ok2E WS uesty] s wot o
Aol Hold AAE2E F8F AEAl ¥ A7 AE g
71 Bagt Aot

2 AR e I, As, 99 7l =E4
sisd, 2at, YRR, &, ZRASEAE ol&stol
Az ang /g » gk Az P 2YES Ayt
% F8UFE J3UF(Kalopanax pictus)?] ZAYU G
(Kalopanax pictum Nakai)= AQg, X550 dJ72AQ Az AL
E]9i31 AFE Y9l kalopanaxsaponin¥} lignans So] Zgtg]o] 9l
of) s o RulelA WA BT UckL L2AF AotAo]

o Ed Asd, A 2 A 59 AgHE 2w
(Pseudocydonia sinensisy= TJEZAQl 7|%™X|HolL} 7ZH7]o] o]
ArLE 0, ZFoHBEORE triterpenes, B-sitosterol,

polyphenols, pectic polysaccharides, ascorbic acid S°] ¥&
A QP  AxpstalCruciferae)e] WEAHRaphanus sativus
Linne)e A5, Tt ¥ AFEEAE0] Q= alkaloide} &
% F#aiaprt 9t isothiocyanatesg e o gon'*, F&
(Atractylodes japonica)d <+3}1H(Asteraceae)o] &3t TRl AF
7o) 3702 AQAS, AWF LAY AT 2ol IFH Ao
&} 9k Aoz Faid ot YuRW, P Yy L AS
9 A%, PG A8 @t LA A oldobdula
(Ranunculaceae) % (Aconitum carmichaeli Debeaux)?] X}
22 7135t ¥ ANAconitum carmichaeli Debx)= aconitine,
mesaconitin 52 {3ty gon, B ARy B4 HES
gsA717] 9lal WM WHRAHPulvis  Aconit
Purificatum)S Ar8-5t9ict.

gehy £ Aol el aibt gk 471 SR Aot
2 94 U2 EYS HPL-019 AYY BPY oA ans o
ofH 1A}, Dextran sulfate sodium(DSS)2 Gutel AT tjAtd
2290 HPL-01Z Foiste] A%, o720, CMDI(Colon

LX)

Tuberis

macroscopic damage index), @57 Alo]E7191 & %k
ZAEE EAZ L3519l
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CFEE AR 4 AYEEY Az
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sism, 2a, PALAE 2472 10 kg, 10 kg, 2.5 kg(4:4:1)
< gl IOHHE*(ZZSL)_,] 50%00EH-2(v/v)& 2ol 90 ‘CollA 3AIZF
23] urE =&t 9 ojalstgon, 60 °C o|stolA TS L A
JUE sto] AEREY oF 537 kg(+& 23.9%)2 FATHHPLOL
A). UEAL B5S 47 2 kg, 1 kg(z 1)° 2 1061F] 22

CHHPLO1 A).OMB}?‘;QEL 4% 5 £ xste] &= HPLOL
S QQICHHPLOL B). 47] HPLOl A ZIZ¥E 2285 kgot
HPLOl B ZAxE% | kg2 FAsH &¥sto] HPL-01S AH|=xst

go0 EYARE (§)FAHeonju, Korea)o 2 Ve Fguo}

2. AdsE 2 ASe

HAE22 559 Sprague-Dawley rat3 FAZJA
(Osan, Korea)ollAl 94sto] AMgstLh 58 USAl 2
7*7“‘”511 A9e AAsten, AFUT 8t 71 A3

E29] ArgEHL 2% 23+1°C, &% 5045 %, &2 60& ol3l,
L‘%‘ A7t @ gob FJl= 08:00~20:00(1Y  12A17H), EE:
150~300 Lux, &7]%= 10~123]/hour2 &X|3}gct AMR7]|7t 39
Alo]= 4t 13 AlE(Samtako, Osan, Korea)s Z-35tgon
2 oaE $&4E UY ZAEYHGY. A¥EE ASE
Institutional Animal Care and Use Committee(IACUC, T34
=2]91928])9] 591 stof] FP= QPTHEANE IV-RB-13-2004-14).

el

et
=
o

o

rln

a
=

o}.

m?.i_

m;?.'.

rir

o rr go

e A5 S 7 UYL A
W & 620
= o‘_(Normal), = #(Control),
HPL-01 A% &Foj#(HPL-01 50 mg/kg, HPL 50), HPL-01 &
Eo]#(HPL-01 100 mg/kg, HPL 100), HPL-01 1%% &
of£(HPL-01 200 mg/kg, HPL 200), ¥4 thx(Sulfasalazine
100 mg/kg, SUL 100)2.2 }=9ict.
AYY ddE = HPL-01 5o R ¢4 dx+9 3
P Algs 57542 &olsto g ARAI 219 B+ &
TR, A4S At A2 AE 59 & UIREYH I
=9l 4% Dextran sulfate sodium(DSS), Sigma, USA)E 7
bALg 4HstES siglckFig. 1)
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Normal Water Water

Control Water 4%DSS

HPL30 30 mgkg HPLA!1 50 mgkg HPL-01+4% DSS

HPLIN 100 mglg HPL-01 100 mgkg FPLOL4% DSS

HPL 200 200 mekg L1 200 mokg FPLA0L+4% DS

SUL 100 [0 mgke SUL 100 mgkg SUL 4% DSS

Prefreatment Intervention
Day0 Day 14 Day2l

Fig. 1. Animal model experimental procedure. HPL-01 (50, 100, 200
mg/kg), Sulfasalazine (100 mg/kg) were administered for whole period.
From 14 to day 19, 4% DSS was added to drinking water to induce
Ulcerative colitis.
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& s7stgonl, DSS BF £ 7 EY ol LESE A 3

2 Rt BYUAH AP 3 oY £RS NEHYch HEY

e Zolg 54% & 2% A0 ALgaigct . DSSE Q&g o AAS2oIH HPL-010] AFHato] n]x]

5. CMDI (Colon macroscopic damage index)

CMDI H7h= S7A A& tigolA 27 299 245
Wallace?] macroscopic scoring systeml14)g 7|&02 35lo] &
o BT L Whsigon, xR Wah 95 Y=ot WY, 5
¥o J=2 0 6802 MRS 3 WIYOE AL
(Table 1)

Table 1. Criteria for macroscopic scoring of colonic damage

Appearance Score
Normal 0
Focal hyperemia, no ulcers 1
Ulceration without hyperemia or bowel wall thickening 2
Ulceration with inflammation at 1 site 3
2 or more site of Inflammation and ulceration 4
Major sites of damage extending > 1 cm along length of 5
colon
When an area of damage extended > 2 c¢m along length of
colon, score is in creased by 1 for each additional cm of 6
involvement

6. Ay WASE BH U WF AolETK UF BA

FASgH 2 F vt FASH HAHComplete blood count
analysis)= d9E EDTA tube(BD Microtainer, USA)o]| o}
Roll mixero] <F 308 3SJAA]Zl & Auto Hematology
Analyzer(BC-2800vet, Mindray, China)Z ©o]&35}o] WBC(white
blood cell), Granulocytes, Lymphocyte, Mid cellsE Z435}%
ok Wl AolEslel BAL A HLAH 02 I AT &
QAE7]o] 3000 rpmo.2 1087 Ay Helste] @YL Bl4st
At 3145t XL R&D system(Minneapolis, MN, USA)oJA|
TF-94st ELISA kitZ o]835}t0] TNF-a(tumor necrosis factor-a),

IL-6(interleukin-6)& w5t}

£ AFsto] AMALAAIR] & m2pHo] Lufsto] microtomel® 4
alojt 9]0 =2 r}2 Hematoxylin-esoin
2 Sttt Hematoxylin-esoin @A82 xyleneo|A] m=bd-g
st1 =4 WAL AR $ hematoxylind]] 4%, esoino]] 2%
o AME AAGIYTE o] & Blste] B3HAU|F(Olympus
4, Japan)g o|83tol W L FYstgict.
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BE A date B4 25 QA meantS.E)2 BA|SIY
1, EAAEl= SPSS (version 21, SPSS Inc, Chicago, IL,
USA)E o]83519 o, ANOVA(one-way analysis of variance
test) Duncan ALE7A% Wl UAlstel BA A9 B2 o
3t EAN9 QoL AT P<0.05 2E02 ARSI

AYH UPY 52 29 57 FHoRE AF Ao O
Zo|7t A"ty %A AcH®. HPL-019] £oj7t ALY oy
4 52 89 £7] 50 F¥ U8 AVILA Lotws] 9
4% DSS7} &9 855 793 A5 sto] ABHstE &%
StEcHFig. 2). AYE dBE f&= 728 dE7(Control)}>
272.2+10.3 go 2 AAra(Normal)?] 304.7+5.3 gHt}t 59514
AZo] ZrAEYW, YA xF9 Sulfasalazine Fo#(SUL
100)2 292.4+2.37 go & tjx7o v F|Fo| 82514 (P<0.05)
E2 702 Yepgrt ¥id HPL-019] 558 So7h ALY O
g = 249 FZF st ujX= T2 WS A}, HPL-01
A5 £o(HPL 50)2 281.3+2.5 g, 5= FojZ(HPL 100)
2 279.146.6 g, 1= FEo|F(HPL 200)2 278.8+4.9 goz O
Z73t ¥lwste] HPL-012 Fo3t A9 AFo] w2 7
Boch

o2
o

—=— Normal

3204 = Control
= HPL 50
= HPL 100
= HPL 200
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Fig. 2. Effect of HPL-01 on the changes of body weight in
DSS-treated in Rats. The weekly body weight was checked weights.
Ulcerative colitis in rats were induced by 5% DSS dissolved in the drinking
water for 7 days. Rats were administered 4% DSS in drinking water for 7
days with or without HPL-01 (50, 100, 200 mg/kg/day up to 21 days).
Sulfasalazine (100 mg/kg/day up to 21 days) was used as a positive
control. The values in the same row with different superscript letters are
significantly different, P<0.05. Values are represented mean+SEM (n=7).

2. DSS2 =3 g AdEE0]A HPL-010] oj7f Zojo U]
Ae %

HPL-010] DSSg /=3t AYY dFE =224 OF
Zolo] Rl FFE ZAleH] Yot diF2 AEsto Zolg &
AstYthFig. 3A). A3 Ayt FA+(Normal)2 12.54+0.53 cm,
= +(Control)2 9.91+0.12 cm2 Yeh} HYA tidde o=
gl wek thgel Zolzt §olsbA(P<0.05) ZAsH: oz el
Edot. ¥/ dx#Q Sulfasalazine Fo{7(SUL 100)2] tfjze]

Zolt 10.86+0.34 cm2 et} chxzut ulstel b Zolzt
3715t A% Bech WA HPL-01S Soldt AFZoAL A

ST So|Z(HPL 50)0] 10.490.29 cm, HPL-01 F%& o2
(HPL 100)0] 10.73+0.32 cm2 UEh} ClE2ZBCt $& HFS
B9t 1% £ojZ(HPL 2009 H$ 11.0940.24 cm2 UE}
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U R #9Q Sulfasalazine £o]+(SUL 100)¥rc} = ==
Bolon, tzFo] Hg] {-9l5tA|(P<0.05) &2 702 ZAEY
t}(Fig. 3B).
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Control
HrL s
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HrL zoo

Colon length (cm)

Sl e

Normal Control 50 100 200 100

HPL (mg/ke)

Fig. 3. Effect of HPL-01 on colon length in DSS-treated in Rats.
Colons were obtained 7 days after commencement of DSS
administration. (A) Macroscopic features of the colons. (B) Colon lengths
were measured. Normal group (without DSS), 4% DSS administration
group (Control), and 4% DSS with HPL-01 at 50, 100, 200 mg/kg up to 21
days. 4% DSS with Sulfasalazine (Positive control) at 100 mg/kg up to 21
days. a-c Means with the different letters on the bars are significantly
different, P<0.05. Data shown are represented mean+SEM (n=7).

SUL(mg/ke)

Colon macroscopic damage index
1
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Fig. 4. Effects of HPL-01 on macroscopic score in DSS-induced colitis
at day 7 after induction. Colons were obtained 7 days after
commencement of DSS administration, and macroscopic score of mice
colons were measured. *¢ Means with the different letters on the bars are
significantly different, P<0.05. Data shown are represented mean+SEM
(n=7).

3. DSSE §=dt iy AEsEoJA HPL-0lo] CMDI(Colon
macroscopic damage index)o]| U]X]&= HgF

DSSZ2 §=3t Uy EEwdoA HPL-010] CMDI(Colon
macroscopic damage index)o]] OJX]= FgFS Lolwr] af A
T WL A= TR ddE AE S U AL 5 R F

+Control)& CMDI7} §-95H
91 Sulfasalazine &Fojw(SUL
100} chz2ol ulsh <JsPA Wolth. W HPL-01 Al5& %ol
Z(HPL 50), HPL-01 $%% £oj#(HPL 100) ¥ HPL-01 1%
FojF#(HPL 100} ti=F2 vlwsto g9 A 95 2 33
o] Z4asto] CMDIZ} R9J5tA|(P<0.05) ¥ Aoz ZALE| Qi)
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Fig. 5. Effect of HPL-01 on DSS-induced TNF-a and IL-6 production.
Level of (A) TNF-o, (B) IL-6 were significantly decreased to compare with
the control group. *® Means with the different letters on the bars are
significantly different, P<0.05. Data shown are represented mean+SEM
(n=7).

4.DSS2 QEF Oh3Y AFFBAN HPL-0l0] BF Afo|E7}al
3k
o
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=
oXx
)
o
o

gRpoIN =A0] 248 fEsHY Z4F d5H
e Fo7l= A B/ ACIEIIRI(TNF-a, IL-6) o] 57t
dotn g2 AcH®. DSSZ fEdt o SER@o] AN
A ABA AO|EFIQIY Aol it HPL-019] HAIYd dIER
Aang Hlsh] 95} BF TNF-a 2 IL-69) AFS 575t
@t DSSE =3 diFd s=2299Y dix7Control)olA
TNF-a+= 18.0+£0.7 pg/ml2 e} Airat(Normal)e] 5.0+1.0
pg/mizt HlZalol QelalA  Zvlelgowt, #H  fiEEd
Sulfasalazine §o]+(SUL 100)2 10.4+1.3 pg/mlZ §9J51A
Witk ¥HH HPL-01g S0’ A@FoM e As= Fol+(HPL
50)0] 14.3+0.6 pg/ml, HPL-01 ZF%% 5o(HPL 100)o]
13.5£1.3 pg/ml, 1%% EoF(HPL 200)0] 9.5+1.0 pg/ml=
et dizdol] dls] 2% {95k ¥ Aoz Iy o]
3 L5k Fo79 A4S AYY UEEE A=% ¥ 7 8%
TNF-a9] o] 7P 32 Zog RAECHFig. 5A).



68

H.K.Jo et al

= [L-69 e AHAMA(Normal)o] 103.7+12.6 pg/ml,
| 2+(Control)o] 282.0+18.6 pg/mlz eI} 8o]st Xfo]E H
Ho1} Sulfasalazine £9J#(SUL 100) 168.7+5.3 pg/mlz2 L}
Bt dizFo] dlsi 395HA(P<0.05) RS9ttt HPL-01& Foidt
A AL Axx FoZ(HPL 50)2 227.5+16.8 pg/ml, 5%
T EoZ(HPL 100)2 226.9+11.0 pg/ml, 1% Fo|Z(HPL
200)2 214.6+16.4 pg/ml2 e} tjx#u}t v|wsto] B % go
31A(P<0.05) W& Aoz FAME|QckFig. 5B).

5. DSSz f=3 ggd AE
ol vAl= FF

DSSz Qg AYH dFE A zo] tigt HPL-019] ax5 &
stz ¢l AP AR K= LA MIstel FF WIL
(white blood cell), 3}8t(granulocytes) = L(lymphocyte),
2 F7t(mid cells)9] 3FFE 735 HFig. 6).

P ) WAEY WMA? AN S5 2w, ALY o
F8S S53 JE2HControl)2 10.1+0.6 X10°%ells/LE AAZ
5.840.8 x10%ells/LHC} 89]51A|(P<0.05) =9fom, FAYxF
9l Sulfasalazine £0-2(SUL 100)2 8.4+0.6 x10°cells/LZ X
o] ] FJ5tA RFkct. ¥k HPL-01 Als= Fola(HPL 50)
2 10.0£0.4 x10%ells/L2 TjzF1} Q0] x}o|2 Ho|x] ¢t
O} HPL-01 $% % EoZ(HPL 100)1} %% FEojZ(HPL 200)
2 Z+7 8.7+0.7 X10°%cells/L, 9.8+0.3 X10°%cells/L2 UEh} Of

=014 HPL-0l0o] &3 HIAZ

270 Hlsf @5 WAF 2R F2 S BATHFig. 6A).
<= F3W39 xI|U3S 43ysk= o H(granulocyte)?]

dx ke 2 (Control)o] 2.3+0.21 X10%ells/LE AAbat
(Normal)©] 1.240.19 x10°cells/LEC} 8-9l51A =gton, ]
Z-S—.-__L?_] Sulfasalazine £o]Z(SUL 100)2 1.5+0.13 Xx10°cells/L

S5 wob AR SA 25 BA olo] vy
HPL-OI% sda Rogt AP 79 HPL-01 Als= Fo
(HPL 50)2 1.940.16 X10%ells/L2 Ttjx7o] Hlaf] @Yo AL
H9on HPL-01 Z%= EoF#HPL 1009 1.8+0.14
x10%ells/L ¥ HPL-01 1%% EojZHPL 200)9 1.9+0.07
x10%ells/L2 Tjzo] H|3] SJ51AI(P<0.05) W& Zo2 ZA
£ QIcHFig. 6B).

aEY 438 29 AL Adude gyttt YuT
(lymphocyte):= 7’4+ (Normal)zt tjZZ(Control)tol= -9t
Aol Bo dazn AYZUNE o IE Holx
SkTHFig. 6C).

NFag % GFWe s F7hE: U Amonocyte), &
At (eosinophil), & H7]7H(basophil)E =Z3tstE  F7H(mid
cells)2 ZA3st A3}, JxF(Control)o] 0.28+0.021 x10°cells/L
2 AAH(Normal)?] 0.16+0.024 X10°cells/L¥C}t 89|51
(P<0.05) =7tst9ict. wiH FAHR#Ql Sulfasalazine F£oj-
(SUL 100)2 0.17+0.021 X10%ells/L& ThxZo] ula] 2.0l517
(P<0.05) Zasto BATa FARE £52 HAoh §HH HPL-01
AE% EoFHPL 5012 0.23+0.013 x10%ells/LE ThxF ®r}
o A3, HPL-01 Fx: EoZ(HPL 100)2 0.20+0.015

x10%cells/L2 ThEZuH= Go5HA|(P<0.05) W2 o2 FAE
g HPL-01 1%&% EoF(HPL 200)9 7% 0.22+0.016
x10°%cells/L2 U} jx 2Bt e 73k W othFig. 6D).

\ulmal Control 50 100

White blood cell (x10” cell)
Granulocytes (X10” cell)

Normal Control S 00200 100

TPLimoke) SUT{ngks) WPL (mgiks) SUL(rgke)

Lymphocyte (X10" cell)
Mid cells (X10” cell)

0
Normal Control 50 100 200 100
HPL (mgkg) SUL{ngky)

Normal Contral 54

Fig. 6. Changes on the complete blood count after HPL-01
treatments in DSS induced colitis in rats. (A) WBC, (B) Granulocytes, (C)
Lymphocyte and (D) Mid cells. Compared with the control group. a-c
Means with the different letters on the bars are significantly different,
P<0.05. Data shown are represented mean+SEM (n=7).

. DSS=&

6 S=3 oYY 4YS
Xk

=04 HPL-010] % Z=Alo] 0JX|
%E%Oﬂ’ﬂ HPL-010] tj7} &
W AR AlS H&E
1’25} k. JA+(Normal)zt
Hl@sto] ChEF(Control} BAl4 Mk Fokol Uit Aere)
ST E(goblet  cel)?t  MoHcrypth  &AEo] AW EA
(epithelial barrier)o] H3]&]o] 9lgjon, HutsixXlo] ASA|Z
7b ahlesn ol Qg Auets w0l Ul Az oz B
AE|9ik(Fig. 7A, B). AYZ 5 HPL-01 A& SolF(HPL 50)
o 7% mustauel wEu AFALY Fee dazn Akt
A YErt gz (Contro)te] Z Aol g9l U(Fig. 7C),
HPL-01 3%& E0]Z(HPL 100)2 th=F(Control)o]x &elE]el
Hoto] 243 Juxalo] Bilsl Fud £E02 Buelo] 57
o 40| gotgl Jo2 sHslgick(Fig, 7D). HPL-01 15E %
o Z(HPL 200)0) #$ FyHozE Austanlo] 1Fo], R
ozt pAAZY &M Fustad $Eo] ot tazolA
solsy 2Ag Ay Adw uzde Bar gasidn A%
g AlE wate A4l getelo] wwA gad x4 HEjE By
HFig. 7E). ¥ dtx+Q Sulfasalazine £oF(SUL 100)9] 732
ZiRo2 AENRO XQo] WALPO MytHoa xR 2A
o e Fulstgion] HPL 200 VR SA 2FOE 29l
9itH(Fig. 7C).
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Fig. 7. Effect of HPL-01 on colorectal hlstology in rat with
DSS-induced colitis (x40). (A) Normal, (B) Control, (C) HPL-01 50 mg/kg,
(D) HPL-01 100 mg/kg, (E) HPL-01 200 mg/kg and (F) Positive control
(Sulfasalazine 100 mg/kg). Arrow, area of goblet cells depletion and loss
of crypt structure; sterisk(*), edema in loose connective tissue. Scale
bar=100 um.
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