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Inhibitory Effects of Plant Extracts on Adjuvant-induced Arthritis
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Twenty seven plant extracts were selected on the basis of ancient literature search for rheu-
matoid arthritis or similar syndrome. Methanol extract of each plant was prepared and ad-
ministered orally to rats everyday at a dose of 200 mg/kg/day. Experimental arthritis was in-
duced by subplantar injection of heat-killed Mycobacterium butyricum to right hind paw of
rats. This treatment provoked swelling of the treated paw in two phases, acute primary swel-
ling and secondary arthritic swelling. An inhibition of secondary swelling was considered to
be antiarthritic activity. Several plant methanol extracts such as Akebia quinata (caulis), Ephe-
dra sinica (herba) and Sophorae subprostrata (radix) were found to show significant inhibitory
activity against secondary swelling at the dose tested. Qur results strongly suggested an an-

tiarthritic potential of these plant extracts.
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INTRODUCTION

Clinically used anti-inflammatory agents are mainly
classified as nonsteroidal anti-inflammatory drugs (NSAID)
and steroidal anti-inflammatory drugs (SAID). Using
these drugs, most acute inflammatory disorders are
well treated. However, it is still problematic to cure
chronic inflammatory diseases such as rheumatoid ar-
thritis and these drugs limit their long-term use be-
cause of serious adverse effects (Kim, 1990). Thus,
there is an urgent need for new drugs having a novel
action mechanism. Several selective cyclooxygenase-
Il (COX-1I) inhibitors, phospholipase A, inhibitors or in-
terleukin-6 antagonist were revealed to have a poten-
tial to treat rheumatoid arthritis (Sugita et a/, 1993;
Bomalaski and Clark, 1993; Meade et al, 1993). But
it is far from clear that they could become a magic
bullet to chronic inflammatory disorders. Therefore, nu-
merous researchers are investigating natural products
having anti-inflammatory activity with less side-effects
(Duwiejua et al., 1993; Perez et al., 1995; Lee et al,
1997).

In this study, for our continuing effort to find new
agents acting on chronic inflammatory conditions, an-
tiarthritic activity of 27 plant extracts were investi-
gated.
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MATERIALS AND METHODS

Materials

Tripterygium regelii and Viscum album var. colora-
tum were collected in Andong area (Korea) and iden-
tified. The other 25 plants were obtained from Kyung-
dong crude drug market in Seoul (Table 1). These plants
were selected from ancient literature (Huh, 1613). Each
dried plant (100 g} was refluxed in 500 ml methanol
for 3 hrs and this procedure was repeated three times.
The combined methanol extract was evaporated in va-
cuo to dryness.

Animals

Female Sprague-Dawley rats were kindly provided
from Yuhan Pharmaceutical Co. and acclimatized at
least for 1 week prior to use. Animals were fed with
mouse pellet lab. chow (Sam Yang Co.) and water ad
libitum under the condition of 22+ 1°C.

Rat adjuvant-induced arthritis

Experimental arthritis was induced by subplantar in-
jection of Mycobacterium butyricum (Difco Co.) sus-
pended in mineral oil according to the procedure of
Kubo et al. (1984). Mycobacterium butyricum (0.6 mg/
rat) was injected to right hind paw of rats (100110 g).
Swelling of paw volume was measured in every two
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Table 1. Twenty seven plants evaluated in this study

Plant name Part used
Aconitum carmichaeli tuber
Aconitum loczyanum radix
Akebia quinata caulis
Anemarrhena asphodeloides rhizoma
Angelica gigas radix
Aralia cordata radix
Asarum sieboldii radix
Belamcamda chinensis rhizoma
Bupleurum falcatum radix
Carthamus tinctorius flower
Cimicifuga haracleifolia rhizoma
Citrus unshiu pericarp
Cnidium officinale rhizoma
Ephedra sinica herba
Epimedium koreanum herba
Ligustrum japonicum fructus
Liriope platyphylla tuber
Ostericum koreanum radix
Paeonia japonica radix
Plantago asiatica semen
Platycodon grandiflorum radix
Schizonepeta tenuifolia herba
Sophora subprostrata radix
Scutellaria baicalensis radix
Taraxacum platycarpum herba
Tripterygium regelii caulis and folia
Viscum album var. coloratum herba

days during experiments using water displacement
method. Each plant extract dissolved in DMSO (200
ul) was administered orally at dose of 200 mg/kg/day
for 18-20 days starting from O day at 1 hr prior to ad-
ministration of adjuvants. At least 5-6 animals were
used per a group. Inhibitory activity of arthritis was
measured on the basis of inhibition of secondary in-
flammation of right hind paw (treated side) and in-
hibition of swelling of untreated left hind paw during
12-18 days after administration of adjuvant. Only data
for treated right hind paw were represented in this
study. Percent inhibition was calculated compared to
control group having adjuvant as follows:

Percent inhibition of arthritic inflammation =
Tested group-Control w/o adjuvant

" Control w/ adjuvant-Control w/o adjuvant

)X 100

Statistical analysis was evaluated using one way
ANOVA and P values less than 0.05 were regarded
to be significantly different.

RESULTS AND DISCUSSION

Rat adjuvant-induced arthritis is an experimental an-
imal model of human rheumatoid arthritis. Although
this model does not reflect human disease completely,
it has been widely used for screening of antiarthritic
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agents by many researchers. Actually, most clinically
used drugs on rheumatoid arthritis show inhibitory ac-
tivity in this model (Sedgwick and Willoughby, 1989).

Fig. 1. clearly showed typical pattern of experimen-
tal arthritis evoked by subplantar injection of M. bu-
tyricum to rats. There were two phases of inflammat-
ion (swelling), primary swelling (2~6 days) and late
secondary inflammation starting about 10 days after
administration of adjuvant. The secondary inflammat-
ion (swelling) is considered to be an arthritic inflam-
mation accompanied by deformation of bones and
formation of nodules on a tail (Newbould, 1963). It
was found that prednisolone used as a reference com-
pound strongly inhibited secondary inflammation as
well as primary swelling at 20 mg/kg/day. This result
was well matched with the previous results of ours
(Lee et al, 1995) and other investigator (Waltz et al,
1971).

The results of evaluation of 27 plant extracts were
shown in Fig. 1-10. Although there was an ancient
literatural background used in rheumatoid arthritis or
similar conditions for these plants, plant extracts ex-
cept Angelica gigas, Akebia quinata, Ephedra sinica,
Liriope platyphylla, Plantago asiatica, Schizonepeta
tenuifolia and Sophora subprostrata did not show sig-
nificant inhibitory activity either against primary in-
flammation or secondary inflammation at oral dose of
200 mg/kg/day. There may be several explanations
for these plants showing no inhibition. Either the
plants may not possess antiarthritic activity in spite of
literatural background, or the doseftreatment regimen
selected may not be suitable to show inhibitory ac-
tivity. Another possible explanation may be due to
the nature of adjuvant induced arthritis model, in
which most immunosuppressive agents and cy-
clooxygenase inhibitors are sensitive in contrast to im-
munoenchancing agents.

As represented in Fig. 3., methanol extract of Plan-
tago asiatica showed potent inhibition against pri-
mary inflammation, but it also showed toxicity at the
dose tested. It was not possible to continue ex-
periment over 12 days. Angelica gigas, Akebia qui-
nata, Ephedra sinica, Liriope platyphylla and Schizo-
nepeta tenuifolia showed significant inhibition against
primary inflammation. These results indicated that
they may possess anti-inflammatory activity against a-
cute inflammation. Among these extracts, only Ak-
ebia quinata, Ephedra sinica and Sophora sub-
prostrata showed significant antiarthritic activity by in-
hibition of secondary swelling. The average inhibition
at 16 days were found to be 22%, 36% and 13% for
Akebia quinata, Ephedra sinica and Sophora sub-
prostrata, respectively. Anemarrhena asphodeloides,
Angelica gigas and Schizonepeta tenuifolia showed
weak inhibitory activity but not statistically significant.
Methanol extract of Akebia quinata showed sig-
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nificant inhibitory activity in this animal mode! (Fig.
5). The major constituents in Akebia quinata were re-
ported to be hederagenin glycosides (lkuta and I-
tokawa, 1989; Higuchi and Kawasaki, 1976a and b).
It has been reported by us that hederagenin and its
glycoside, loniceroside A, possessed antiarthritic ac-
tivity (Son et al, 1994; Lee et al., 1995). Therefore, it
is reasonable to suggest that hederagenin and its
glycosides in methanol extract of Akebia quinata may
participate in antiarthritic activity, at least in part. Scu-
tellaria baicalesis did not show inhibition (Fig. 8), in
contrast to the previous reports of Kubo et al. (1984)
showing potent inhibition by methanol fraction and

25 2.0
]

Fig. 1 _ Fig. 2
E B E
z 20 z 151
6 1.5 - 6
2 2 104
& 10 a
[ =
X -
é 5 2 5 °
4 . 4 ¥
o.oJ 0.0 4
o 5 10 15 20 6 5 10 15 20
TIME (Days) TIME (Days)
® CONTROL &  CONTROL
®  Carthamus tinctorius ®  Liriope Platyphyila
A Epimedium koreanum A Piatycodon grandifiorum
v  Prednisolone ¥ Aralia cordata
zAsw Fig. 5 _ 204 Fig. 6
E 3
E’ =z 159
3 &
2 2 1.0+
z &
= =
I 54
5 5 °
'3 4
004
0 5 10 15 20 o 5 10 15 20
TIME (Days) TIME (Days)
® CONTROL ® CONTROL
B Ostericum koreanum ®  Cimicifuga heracleifolia
A Ephedra sinica 4 Taraxacum platycarpum
v Akebia quinata v Aconitum loczyanum
Y Fig.9
E 254
z
I 204
[V}
15
2
— 1.0
I
% 5
0.0 4
o 5 10 15 20
TIME (Days)
® CONTROL
®  Viscum album var. coloratum
A Bupleurum falcatum
v

Paeonia japonica

315

flavonoid constituents. Aconitum carmichaeli failed
to show positive response in this model (Fig. 8), as re-
ported previously by Hikino er a/. (1980). It is worth
to note that Trypterigium regelii did not show in-
hibition (Fig. 10). Trypterigium wilfordii, a closely re-
lated species, was known to possess potent an-
tiarthritic activity (Gu et a/., 1992) and it is clinically
used currently in China. Sophora subprostrata show-
ed antiarthritic activity. It has been primarily used for
antidote, diuretics, anti-inflammatory agent, etc., and
previously reported to show antiarrhythmic activity,
antiulcer activity, antiathmatic activity and antineop-
lastic activity by total extract or several constituents

259

Fig. 3 %7 Fig.4
E E
z 20 4 z 15
é 1.5 4 5
2 2 104
FERLE =
= =
b o X 5 -
O 54 i U]
« .
0.0 r — Y 0.0 4
o 5 10 15 20 o 5 10 15 20
TIME (Days) TIME (Days)
® CONTROL &  CONTROL
®  Plantago asiatica = Sophora subprostrata
A Cnidium officinale A Schizonepeta tenuifolia
v Ligustrum japonicum
] Fig.7 37 Fig.8
E 20/ E 254
Z Z
& 154 s 207
2 Z 15+
£ 104 z
- — 10+
T
o s{M 5
© z 5]
0.0 4§ 0.0 4
o 5 10 15 20 0 5 10 15 20
TIME (Days) TIME (Days)
® CONTROL ® CONTROL
®  Angelica gigas ®  Scutellaria bicalensis
4 Asarum sieboldii & Citrus unshiu
v Anesmarrhena asphodeloides v Aconitum carmichaeli

Fig. 10
E 254
2w
((D i
154
2
— 10
x
4]
> 5
0.0 4
6 5 10 15 20
TIME (Days)
® CONTROL

L Tryf)t@ﬁgyum regelii
4 Belamcanda chinensis

Fig. 1-10. Antiarthritic activity of 27 plant extracts. All plant extracts were orally administered to SD rats at 200 mg/kg/day.
Prednisolone (Fig. 1) was administered orally at 20 mg/kg/day. All data were represented as mean=+SE. *: Significantly dif-

ferent from control group, P< 0.05 by one way ANOVA.
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Fig. 11. Antiarthritic activity of fractions of Sophora subpro-
strata All fractions were orally administered to SD rats at 50
mg/kg/day. Prednisolone (W) was administered orally at 10
mg/kg/day. All data were represented as mean +SE. *: Sig-
nificantly different from control group, P< 0.05 by one way
ANOVA. Control with adjuvant (@), Ethyl acetate fraction
(M), n-butanol fraction (A).

such as alkaloids and flavonoids (Tang and Eisen-
brand, 1992). In order to localize its antiarthritic ac-
tivity, chloroform, ethyl acetate, n-butanol and water
fractions were prepared. Among these fractions, ethyl
acetate and n-butanol fractions also showed an-
tiarthritic activity at 50 mg/kg/day in the same animal
model (Fig. 11). Further study for isolating active
principle(s) is currently under investigation.

The present investigation represented basic screen-
ing results of 27 plant extracts on antiarthritic activity.
Although rat adjuvant-induced arthritis is not a simple
and fast animal model, it is thought to be adequate to
evaluate antiarthritic activity of plant extracts. Using
this model, Akebia quinata, Fphedra sinica and So-
phora subprostrata were clearly found to possess sig-
nificant antiarthritic activity orally at dose of 200 mg/

kg/day.
ACKNOWLEDGEMENTS

The animals used in this study were kindly pro-
vided from Yuhan Pharmaceutical Co. and greatly
acknowledged.

REFERENCES CITED

Bomalaski, J. S. and Clark, M. A., Phospholipase A,

S.Y. Kim, K.H. Son, H.W. Chang, S.S. Kang and H.P. Kim

and arthritis. Arthritis and Rheumatism 36, 190-198
(1993).

Duwiejua, M., Zeitlein, J. J., Waterman, P. G., Chap-
man, )., Mhango, G. ). and Provan, G, J., Anti-in-
flammatory activity of resins from some species of
the plant family Burseraceae. Planta Med., 59, 12-
16 (1993).

Gu, W-Z., Brandwein, R. and Banerjee, S., Inhibition
of type Il collagen induced arthritis in mice by an
immunosuppressive extract of Triptervgium wilfordii
Hook f., /. Rheumatol,, 19, 682-688 (1992).

Higuchi, R. and Kawasaki, T., Pericarp saponins of
Akebia quinata Decne. |. Glycosides of hedragenin
and oleanolic acid. Chem. Pharm. Bull., 24, 1021-
1032 (1976a).

Higuchi, R. and Kawasaki, T., Pericarp saponins of
Akebia quinata Decne. Il. Arjunolic and norarjuno-
lic acids, and their glycosides. Chem. Pharm. Bull.,
24, 1314-1323 (1976b).

Hikino, H., Konno, C., Takata, H., Yamada, Y., Ya-
mada, C., Ohizuma, Y., Sugio, K. and Fujimura, H.,
Anti-inflammatory principles of Aconitum roots. /.
Pharmacobiodyn., 3, 514-523 (1980).

Huh, Z., in Dong-Fu-Bo-Gam (1613), Namsangdang,
Seoul, 1966.

lkuda, A. and ltokawa, H., 30-Noroleanane saponins
from callus tissues of Akebia quinata. Phytochem,
28, 2663-2665 (1989).

Kim, H. P., Glucocorticoids : Anti-inflammation and im-
munosuppression. Kor. Biochem. News, 10, 246-251
(1990).

Kubo, M., Matsuda, H., Tanaka, M., Kimura, Y., Oku-
da, H., Higashino, M., Tani, T., Namba, K. and Ar-
ichi, S., Studies of Scutellaria radix. VII. Anti-arthri-
tic and anti-inflammatory actions of methanolic ex-
tract and flavonoid components from Scutellaria ra-
dix. Chem. Pharm. Bull., 32, 2724-2729 (1984).

Lee, S. )., Shin, E. ], Son, K. H., Chang, H. W, Kang,
S. S. and Kim, H. P., Anti-inflammatory activity of
the major constituents of Lonicera japonica. Arch.
Pharm. Res., 18, 133-135 (1995).

Lee, S. J., Son, K. H., Chang, H. W., Kang, S. S. and
Kim, H. P., Anti-inflammatory activity of Lonicera
Jjaponica. Phytotherapy Res., in press (1997).

Meade, E. A., Smith, W. L. and DeWitt, L., Differential
inhibitor of prostaglandin endoperoxidase synthase
(cyclooxygenase) isozymes by aspirin and other non-
steroidal anti-inflammatory drugs. /. Biol. Chem., 268,
6610-6614 (1993).

Newbould, B. B., Chemotherapy of arthritis induced
in rats by mycobacterial adjuvant. Br. /. Pharmacol.,
21, 127-136 (1963).

Perez, R. M., Perez, S., Zavala, M. A. and Salaza, M.,
Anti-inflammatory activity of the bark of Hipporatea
excela. J. Echnopharmacol., 47, 85-90 (1995).

Sedgwick, A. D. and Willoughby, D. A., Animal



Antiarthritic Activity of Plants

models for testing drugs on inflammatory and hy-
persensitivity reactions, in Maureen Dale and Fore-
man (eds.), Textbook of immunopharmacology, Black
well Sci. Pub., Oxford, 1989, pp. 253-261.

Son, K. H., Jung, K. Y., Chang, H. W., Kim, H. P. and
Kang, S. S., Triterpenoid saponins from the aerial
parts of Lonicera japonica. Phytochem., 35, 1005-
1008 (1994).

Sugita, T., Ueno, M., Furukawa, O., Murakami, T., Ta-
kata, |. and Tosa, T., Effect of a novel anti-rheu-

317

matic drug, TA-383, on type Il collagen-induced
arthritis-Suppressive effect of TA-383 on interleukin
6 production. /nt. J. Immunopharmacol,, 15, 515-519
(1993).

Tang, W. and Eisenbrand, G., Chinese drugs of plant
origin. Springer-Verlag, Berlin, 1992, pp. 931-943.
Waltz, D. T., Dimartino, M. ). and Misher, A., Adju-
vant-induced arthritis in rats. Il. Drug effects on
physiologic, biochemical and immunologic para-
meters. J. Pharm. Exp. Ther., 178, 223-231 (1971).



