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Anti-inflammatory Effects of Hydrogels Containing Piroxicam and Hydrolyzed Products
of Scutellariae Radix on Collagen-induced Arthritis

Tae-Kyun Kim, Hyo-Cho Ahn, Mi-Young Yun, Jae-Yoon Leem, Byeong Suk Chae, Dae-Keun Kim,
Byung-Hyun Park® and Jae-Heon Yang”
College of Pharmacy, Woosuk University, Wanju 565-701, Korea
*Medical School, Chonbuk National University, Jeonju 561-756, Korea

Abstract — In order to access the suppressive effects of piroxicam (PX) and hydrolyzed products of Scutellariae Radix
(PSH) on arthritis, we investigated whether PSH gel could suppress the progression of collagen-induced arthritis. PX, one
of nonsteroidal anti-inflammatory drugs has been used in the systemic and topical treatment in a variety of inflammatory
conditions. Scutellarviae Radix, one of the herbal medicines, was used for the purpose of anti-inflammatory and anti-bac-
terials. For the purpose of transdermal absorption of the hydrogel preparations, two classes of hydrogels (PX, PSH) were
formulated with carbomer 940, diethylene glycol monoethyl ether, polyethylene glycol-8-glyceryl caprylate/caprate and tri-
ethanolamine. In carrageenan-induced edema in rat hind paws, inhibition of foot swelling was more increased in PSH than
PX hydrogel. Rheumatoid factors including serum IgG, IgM and collagen specific antibody were present much lower in PSH
gel treated mice than control. Histological examination revealed that PSH hydrogel inhibited infiltration of inflammatory
cells into affected paw joint, compared with control. The PSH hydrogel would be a suitable preparation to increase trans-
dermal treatment for anti-inflammatory effects on collagen-induced arthritis.

Keywords [ | piroxicam, hydrolyzed products of Scutellariae Radix, anti-inflammatory effects, collagen-induced arthritis

o 231 i vitro AdelA FAFAIRY] A 55 Haskich

2 WY, S, A A5 T 5aeS dEel & God thd A 2224150 S E(Scutellaria baicalensis
Ao "]‘%511 glom Uz=Al tlEzsy, el = GEORGD?] F3E Hi7] a2y sl I, g=o] =
o ofe] nixe ol =g *“*ﬂcﬂl el WIE 7 ZloR B Ao ARgEo] gror oRAhg oR: I, B, FUH ),

ZAZR oxicam AlEQ] B)AHEOIEA] AGRIEA|ZA

3
T o

o} ek BF dMATEL 9% ol doln SANE A HFHI Fx, o), 93}, FAE A WA, o] oA,
OF)= FA8-E 2L QIARE of2fet RG-S okEe Aol A, ﬁ‘?}%‘b‘} 28 5ol LA S, ol Feel 24 4

tal Aw) Fof Ao thx|sle] AR & 4= ek BlE A¥ #<) baicalin % baicalein 5ol 93 Fow Hawo] kO

£ 3o 920 Fge ol ARl aA]l okE £ & Kim 5" B-glucuronidasec] &]gt &1, g7 F3&9] 7k
7} Z7le) theto] Marks 528 AI7)A1E )83k 3] ZA|7e] g 9 AAlo] g5 Flel digt Aol 352 baicalin®] -
A E55 A7}, Santoyo SV FRET ZAA|E AL glucuronidaseol] 218197 baicalein® & 7}E-a=lo] AYAo]-&-&
o] Z7hEE R Etel I, Yang P& baicalein®] baicalin®] H]
sto] dbslayt 4l gt SAEE Zo0F Husigich
#R sefo) 718k £ ARloA| R sk EnlEl A Fha ol . " o A
(a8l 01082458033 (712%) 063.290-1812 & FierEl g P (Rheumatoid arthritis, RAYS: th3tA
(E-mail) yang787878@hanmail.net 07 FZol F 5o - 4F5S sk ApaeA A

394



5] =] EL
) B R 53

sl=sAe) g avt 395

kol HE 9 = o] CD4™ T cell 5 Thl Al
7} Th2 MRt oot Eap) s]o] 22 gk 2phaeld A%
Hhe- S7FR Qg FrlElA] $Elo] fidtsis Z0R Rl
o] §ltt, FrlEl~ #EAL TEU 9] EHAE (sinoviocytes)
o] sz Qo] W d5o] A& o] A (pannus)yE F
Jsh, ol52 Axz WAe] nrtdA] s sk B
_]—_7 Q%qQ 11)

® A B9, 0%

o

o wy AEEAR AZE T A T0E A 37,

collagen T2 Fitd A3 F &2 B4 A (Collagen-induced

arthritis, CIA) #-91¢] HAM 2] & SHTFORA FulE]l s
wadel thet d=A3 9 Fe VleelE 53 AL 2t

5 8ES 5 1 d9E Lo}_,]} i
48 4H

Alof A MEXHE

S (Scutellariae Radixye Ay 231 3Ho)doA] 4+, &
A3t ARS8} 31, baicalin % baicalein(Sigma Chemical Co.,
USA)S X+FE2 AHE319t) Piroxicam, carbomer 940,
propylene glycol ¥ triethanolamine 4 7A&2S AFE31
11, glyceryl triacetatel= Sigma*H(St. Louis, U.S. APl 13}
o AlE-3191 © 1, diethylene glycol monoethyl ether(©]sk
DGME) ¥ polyethylene glycol-8-glyceryl caprylate/caprate(©]
& PGCC)e GattefosséAH(France)d] #1352 AM3133c}. Bovine
type collagen Sigma(St. Louis, U.S.A) A2, IL-69} TNF-
ot ELISAR&D system, U.S.A) kit, PE-anti-CD3g, PE-anti-
Gr-1, FITC-anti-CD11b= Pharmingen(Torreyana, Iraq) A=
T8l AREEIgl o, T1El LRk Aloke B3 AlekS: ARESISICE.

A#7]7] 2+ spectrophotometer(Shimazu UV-1201, Japan),
flow cytometer(Becton Dickinson, U.S.A) 2! ELISA reader
(Molecular devices, U.S.A) 5= ARE3I3T).

MEEE
AHEELS 6532 DBA/L] mouse($A))E Plus Inter-
national Co.(England)olA] £9F wro} ALE3}9 31, hairless

mouse(2%d, 25+ 5 gr= Charles River Lab.(U.S.A)Z5E] H-oF
Higror, ICRAl P37, 2515 ¢) 2 S.DA| FE(EA, 150
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Table I - Formulas of hydrogel preparations compounding piroxicam
and hydrolyzed products of Scutellariae Radix extract

PX PSH
Piroxicam 0.5 0.5
Scutellariae Radix Ex. 0 4.0
Propylene glycol 15.0 15.0
PGCC* 5.0 5.0
DGME** 5.0 5.0
Carbomer 940 1.0 1.0
Ethanol 10.0 10.0
Triethanolamine 0.8 0.8
B-Glucuronidase 0 1,000 unit
Dist. Water 62.7 58.7
Total 100.0 100.0

PX gel : Piroxicam hydrogel. PSH gel : Piroxicam & Scutellariae

Radix Extract hydrogel.
* : Polyethylene glycol-8-glyceryl caprylate/caprate.
* 1 Diethlylene glycol monoethyl ether.
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Table II - Comparison of swelling volume of hind-paw induced by carrageenan (1%) under PX and PSH hydrogels

. Time (h)
Formulation
0 6 12 24 48
Control 1.27+1.40 2.30+0.02 1.86=0.03 1.53+0.03 1.37+0.02
PX 1.22+0.01 1.94+0.09%* 1.68+0.07* 1.38+0.03* 1.22+0.04%*
PSH 1.22+0.02 1.97+0.07** 1.61£0.02%* 1.35+0.01%* 1.20£0.02%*

Each data represents the mean+SE of 5 independent experiments.

Statistically significant value compared with control group data by student's ¢-test (*P<0.05, **P<0.01).

7} 1.94ml 9 1.97 miE ZV}E o), 244)7F Sojl= o zto)
1.53 mi1d] H|glo] PXA @ PSHACE= )2} 1.38 ml, 1.35m/
B ZAsISaL, 48413 F74A] 1 it A& ATk (Table D).
$hA, 124)7F 9-9] RFAA| a7 s, PXAo] 15.4%
A WA, PSHALS 204%. Vebsal, 48417 98] 55 oJAlE
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Fig. 1 - Inhibitory effects of formulations on swelling of rat hind -
paw induce by carrageenan (1%). Each data represents the
mean+=SE of 5 independent experiments. Statistically
significant value compared with control group data by
student's #-test (*p<0.05).

Total joints cells No. (108

CIA-PX CIA-PSH

Fig. 2 - Effect of PSH on total cell number of paw joint in CIA mice.
NR (Normal), CIA (Control), PX (1%). PSH (1%). Each
data represents the mean+SE of 5 independent experi-
ments. Statistically significant value compared with control
group data by student's f-test (**p<0.01).
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(X10°), PX(1%) F-o17-0] 67.6-24.15(x 10%), PSH(1%) F-o]1-
o] 59.40%5.15(x 1097 LFER} tjzetoll vlste] G214 gl=
WA mE BHoFirkFig. 2)

Paw jointelA] CD3* A|¥5=E absolute number® AH&3t 4
} AAEO] 12.3£3.2(X 10°), thzro] 137.8£35.1(X 10°), PX
(1%) Folio] 46.04.1(X 10%), PSH(1%) Fo]i°] 33.8+6.5
(<10°)% YeRt, PX 2 PSH oA izl vlslel 24 9l
© A avE HoFqlrh(Fg. 3).
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CD3+ absolute No. in joints (x10%

Fig. 3 - Effects of PSH on the absolute number of CD3e* cells in
paw joint of CIA mice. Joint cells (x10° cells/ml) from paw
joint were isolated following 4-weeks administration of PX
& PSH. Cells were incubated with FITC-conjugated anti-
CD3e antibody, and analyzed by flow cytometer. NR
(Normal), CIA (Control), PX (1%), PSH (1%). Each data
represents the mean+SE of 5 independent experiments.
Statistically significant value compared with control group
data by student's f-test (**p<0.01).
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Fig. 4 — Effects of PSH on the absolute number of CD11b*/Gr-1*
cells of paw joint in CIA mice. Joint cells (x10° cells/ml)
from paw joint were isolated following 4-weeks adminis-
tration of PX & PSH. Cells were incubated with FITC-
conjugated anti-CD3g¢ antibody, and analyzed by flow
cytometer. NR (Normal), CIA (Control), PX (1%), PSH
(1%). Each data represents the mean+SE of 5 independent
experiments. Statistically significant value compared with
control group data by student's #-test (**p<0.01).

7}, AARRo] 3510.5(X 10%), thxrto] 183.0+7.1(X 10%), PX
(1%) Folito] 32.1+4.2(X 10°), PSH(1%) o] 21.0+5.2
(x10%% e, PX 2 PSH ol thiztel] vlslo] f-24d 9l
= 2 2395 HoIFQlth(Fig. 4).

88 U Ajo|=7lel Majzol njxls s
Klimiuk 5179] el wle} @) Aolerle) e =
2500
200.0
1500
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0_(]

CIA-PX

CIA-PSH

Inflammatory cytokines level in serum (pg.mL)
=
8
=Y

Fig. 5 — Effects of PSH on the serum levels of TNF-o in CIA mice.
Blood was collected from the retro-orbital plexus under
ether anesthesia and serum was obtained by 10,000 rpm
centrifugation and stored at -20°C until use. The levels of
TNF-a were determined using a commercially available
ELISA method. Each data represents the mean+SE of 5
independent experiments. Statistically significant value
compared with control group data by student's #-test
(**p<0.01).

100.0

. II[

CIA-PX CIA-PSH

Inflammatory cytokines level in serum (pg.mL)

Fig. 6 — Effects of PSH on the serum levels of 11.-6 in CIA mice.
Blood was collected from the retro-orbital plexus under
ether anesthesia and serum was obtained by 10,000 rpm
centrifugation and stored at -20°C until use. The levels of
IL-6 were determined using a commercially available
ELISA method. Each data represents the mean+SE of 5
independent experiments. Statistically significant value
compared with control group data by student's f-test
(**p<0.01).

4ot A3} TNFo A GA370] 26.673.0(pg/ml), N
0] 219.019.9(pg/ml), PX(1%) FoIr©] 181.7+ 4.5(pg/mi),
PSH(1%) Fo}+*0] 132.3+5.8(pg/m)E LER} PX 2 PSH
oAl iZxtell vste] §oA Sl A a3E BolFitt
(Fig. 5).

IL-6 AR Aao] 551 0.4(pg/ml), thETo] 829745
(pg/ml), PX(1%) Folare] 51.4+ 4.5(pg/ml), PSH(1%) Fofiro]
36.8+ 7.6(pg/m)E LFER} PX @ PSH oA Tzl vlslo]
o = A A9E HoFlh(Fig. 6).

200 +
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00 _-

IgG RA factor level in serum (U/mL)

CIA-PSH

Fig. 7 — Effects of PSH on the serum levels of total Ig G in CIA
mice. Blood was collected from the retro-orhital plexus
under ether anesthesia and serum was obtained by 10,000
rpm centrifugation and stored at -20°C until use. The levels
of IgG rheumatoid factor were determined using a
commercially available ELISA kit. Each data represents the
mean+SE of 5 independent experiments. Statistically
significant value compared with control group data by
student's #-test (¥*p<0.05, **p<0.01).
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IgM RA factor level in serum (U/mL)
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Fig. 8 — Effects of PSH on the serum levels of total Ig M in CIA
mice. Blood was collected from the retro-orbital plexus
under ether anesthesia and serum was obtained by 10,000
rpm centrifugation and stored at -20°C until use. The levels
of IgM rheumatoid factor were determined using a
commercially available ELISA kit. Each data represents the
mean+SE of 5 independent experiments. Statistically
significant value compared with control group data by
student's #-test (*p<0.05, **p<0.01).
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Carson 58199 vie) we} aH) Q=S S48 23 IgG
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o Qe A 53 BHolFSivkEFg. 7).

IgM 8% st ol 72145 73(pyml), thxwol
1410+ 1.8(pg/ml), PX(1%) 5o17] 117.2+4.8(pg/mi), PSH
(1%) Eol3o] 120.1+34(pgm)Z b} PX 2 PSH
oA diztel vgte] FoA U= T E9E BolFh
(Fig. 8).

Paw joint Z=Z|5IX 3|

Paw joint®] 25 CIA A5 Rl 477 PX, PSHE
ofstal, AY F5 5 AF2 #EE A=Edto] HRE °“‘Ur
M-T g4 %8]—0% _%Z,% Aot Fig. 9, 102] Be} Fie
CIAY] Hjxro= 74 g“l} J3£2] hyperplasia®] 571 &
ot A= “19] 110}7} HESTE 1 Qlelx gute] ],
ko] 3+, cartilage pannus junction 52 I = 9},
PX 4! PSH(Fig. 9, 10) Folirolxl= dixrel dAstA &2
H synovial joint cavity(JC)IAe] A58 &2 4 U,
T3 B FHAANE oA tiFTel niste] HoiAEe] %
L Azl st aelan Gubdare] o] AtiA e 1hae)

et

Fig. 9 - Histological section of paw joints from CIA mice. DBA/1] mice were sacrificed, their hind limbs were removed, and the paw were
processed for histology and stained with Hematoxylin-Eosin staining. Normal wild-type DBA/1 mouse (A), control; murine CIA (B),
PX (C), and PSH (D) were analysis with histopathology of joints of murine CIA. Intra articular exudate, marginal erosion, necrotic
chondrocytes, and relative loss of proteoglycans in the articular cartilage are present panel. JC, synovial joint cavity; SM, synovial
membrane; CPJ, cartilage pannus junction; NB, new bone; IP, invasion pannus; E, erosion, and resulting in severe cartilage and bone

degradation (arrow). Original magnifications: X 200.
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Fig. 10 - Histological section of paw joints from CIA mice. DBA/1] mice were sacrificed, their hind limbs were removed, and the paw were
processed for histology and stained with Meisson Trichrome staining. Normal wild-type DBA/1 mouse (E), control; murine CIA (F),
PX (G), and PSH (H) were analysis with histopathology of joints of murine CIA. Intra articular exudate, marginal erosion, necrotic
chondrocytes, and relative loss of proteoglycans in the articular cartilage are present panel. JC, synovial joint cavity; SM, synovial
membrane; CPJ, cartilage pannus junction; NB, new bone; IP, invasion pannus; E, erosion, and resulting in severe cartilage and bone

degradation (arrow). Original magnifications: x200.
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