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Abstract — Constitutive cyclooxygenase (COX-I) is present in cells under phy-
siological conditions, whereas inducible cyclooxygenase (COX-II) is induced by
some cytokines, mitogens, and endotoxin presumably in pathological conditions
such as inflammation. We have evaluated the inhibitory effects of solvent frac-
tionated extracts of natural products on the activities of COX-I and COX-II. Oxygen
uptake COX assay was performed, as a primary screening from the tissue extracts
of bovine seminal vesicles (BSV), by monitoring the initial rate of oxygen uptake us-
ing an oxygen electrode. Additionally, we evaluated plant extracts for the inhibitory
effects of COX-I (in HEL cells) and COX-II (in lipopolysaccharide activated J774A.1
macrophages) using thin layer chromatography of prostanoids produced from *C-la-
belled arachidonic acid {AA). The use of such models of COX-I and COX-II assay
will lead to the identification of specific inhibitors of cyclooxygenases with presum-
ably less side effects than present therapies. Inhibitory effects of 50 kinds of plant ex-
tracts on the COX-I and COX-II activities were determined and the active fractions
were found in the ethyl acetate fractions of Dryopteris crassirhizoma (roots), Amomum
cardamomum (roots), Triticum aestivum (seeds), Perilla sikokiana (leaves), Anemarrhena
asphodeloides (roots). Especially, the ethyl acetate fraction of Dryopteris crassirhizoma
(roots), which exhibited the strong inhibition against BSV COX (ICs, 65.4 ug/ml),
COX-I (ICy, 8.5 ug/ml), and COX-II (ICs, 17.2 ug/ml), is under investigation to iso-
late active principles using activity-guided fractionation method.

Keywords — Cyclooxygenase I, Cyclooxygenase II, Inflammation, Antiinflammation,
HEL cells, ]774A.1 cells, Arachidonic acid, Lipopolysaccharide.

Introduction

Biosynthesis of the prostanoids such as
prostaglandins, thromboxane and prostacy-
clin is enhanced by a widely divergent phy-
sical, chemical, and hormonal stimuli, and
these prostanoids contribute importantly to
the genesis of the signs and symptoms of in-
flammation (Moncada et al., 1979). Upon
membrane perturbation or cellular activation
induced by trauma or biochemical stimu-
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lation, arachidonic acid (AA) is liberated
from the phospholipid stores within the plas-
ma membrane by the action of phospholi-
pase A,. Once liberated, AA readily metabol-
ized by several enzymatic pathways into
numerous biologically active mediators such
as prostanoids. The first step in the biosyn-
thesis of prostanoids is the oxygenation of
AA to the hydroperoxy endoperoxide prost-
aglandin G,. This reaction is a rate-limiting
step and catalyzed by a heme containing pro-
staglandin endoperoxide synthase/cyclooxyg-
enase (EC 1.14.99.1). Prostanoids, products
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of cyclooxygenase pathway of AA metabo-
lism, possess potent vasoactive properties
which account for some of the vascular leak-
age and tissue edema associated with in-
flammation. Prostanoids also play a signifi-
cant role in the hyperalgesia which accom-
panies inflammation and can enhence bone
resorption (Davies et al., 1984, Dietrich et al.,
1975). Due to this central function in the AA
cascade, COX is of physiological and phar-
macological impor- tance in the regulation
of prostanoids synthesis. COX exists in at
least two isoforms with similar molecular
weights. The isoforms of COX-I and COX-II
are encoded by seperate genes and differ in
their regulation and tissue distribution (Hla
et al., 1992). COX-I is expressed constitutively
and was first characterized, purified and
cloned from sheep vesicular glands (Van Der
QOuderaa et al., 1977). Activation of COX-I
leads, for instance, to the production of pros-
tacyclin, which is considered to be the target
of antithrombogenesis of endothelium (Smith
et al., 1994) and it also plays a role in gas-
tric cytoprotection (Whittle et al., 1980}. COX
-IT is induced in cells exposed to proinflamm-
atory agents such as cytokines (Arias et al.,
1995), mitogens (Herschman et ol., 1993) and
endotoxin (O' Sullivan et al., 1992). Nonster-
oidal antiinflammatory drugs (NSAIDs) in-
hibit the activity of COX, a property that ac-
counts for their shared therapeutic and side
effects (Vane, 1971). Thus, the ability of
NSAIDs to inhibit COX-II may well explain
their therapeutic utility as antiinflammatory
drugs, whereas inhibition of COX-I by NS
AIDs may explain their unwanted side ef-
fects, such as gastric and renal damage (Sch-
londorff, 1993). Therefore, we have evalu-
ated the solvent fractionated extracts of na-
tural products on the inhibitory effects aga-
inst COX-I (in HEL cells) and COX-II (in
LPS activated J774A.1 macrophages) in in-
tact cell systems and in tissue extract sys-
tem (COX-I in BSV). The use of this model
systems for COX-I and COX-II will lead to
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the identification of selective inhibitors of cy-
clooxygenases with presumably less side ef-
fects than present therapies.

Experimental

Instrumentations and reagents - COX
activity of BSV was measured by YSI model
5300 biological oxygen monitor equipped
with a Clarke-type electrode (Yellow Springs
Instrument Co., Inc., USA). BSV was homo-
genized with a electric blender (Biospec Pro-
ducts Inc., Switzerland). The radioactivities
of prostanoid bands were scanned by BAS-
1500 bio-imaging analyzer (Fuji Photo Film
Co., Ltd., Japan). Autoradiography was per-
formed by placing the TLC plate in contact
with Fuji BAS-IIIs imaging plate (Fuji Pho-
to Film Co., Ltd., Japan). Radiolabelled pros-
tanoids were applied to TLC aluminium sh-
eets silica gel 60W (E. Merck, Germany). [1-
“Clarachidonic acid (56 mCi/mmol), 5-S-[5,6,
8,9,11,12,14,15-*H(N)]hydroxy-6,8,11, 14-eico-
satetraenoic acid (182 Ci/mmol), [5,6,8,9,11,
12,14,15°HMN)Jthromboxane B, (152 Ci/mmol),
[5,6,8,9,12,14,15-°’H(N)]prostaglandin D, (115
Ci/mmol), [5,6,8,11,12,14,15°’H(N)]Iprostaglan-
din E, (171 Ci/mmol) and [5,6,8,9,11,12,14,15-
*HN)Jprostaglandin F,, (170 Ci/mmol) were pur
chased from DuPont Company, USA. Arach-
idonic acid, indomethacin, aspirin, hematin,
lipopolysaccharide and calcium ionophore A
23187 were purchased from Sigma Chem.
Co., USA.

Plant materials - Plant materials were
purchased from a herb market in Seoul, and
voucher specimens have been deposited at
Herbarium of Natural Products Research In-
stitute, Seoul National University, Seoul,
Korea. Each of dried plant parts were sliced,
and then extracted 3 times with methanol
at room temperature. The methanol extracts
were concentrated under reduced pressure
below 40T, and then the concentrated meth-
anol extracts were partitioned into n-hexane,
ethyl acetate, and water layers.
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Cells and cell culture - The human ery-
throleukemia cell line (HEL) and the mouse
macrophage cell line (J774A.1) were pur-
chased from the American Type Culture Col-
lection. Cells were grown at 37T in a humi-
dified atmosphere (6% CO,) in RPMI 1640
medium containing 5% fetal bovine serum.

Preparation of COX from BSV - All pro-
cedures were carried out between 0 and 4C.
Deep-frozen BSVs (-70°C) were homogenized
for 30 sec with a electric blender in a homo-
genizing buffer containing 0.06 M Tris-HC1
(pH 8.0), 5 mM EDTA, 5 mM diethyldithioc-
arbamate (DDC). The homogenate was cen-
trifuged for 30 min at 13,000 g, and then the
supernatant was centrifuged for 60 min at
130,000 g. The pellets were re-homogenized,
using a electric blender, in homogenizing
buffer containing 0.05 M Tris-HCI (pH 8.0),
0.1 M sodium perchlorate, 1 mM EDTA and
0.1 mM DDC, and centrifuged again for 60
min at 130,000 g. The perchlorate-washed
microsomes were then homogenized in a
buffer of 0.05M Tris-HCl (pH 8.0), 0.1 mM
EDTA and 1% Tween-20. The Tween-20
homogenate was centrifuged for 90 min at
130,000 g. The clear supernatant was used
as the enzyme source of COX (Van Der Ou-
deraa et al., 1977). Protein contents of the
enzyme preparations were determined by
Lowry method (Lowry et al., 1951), using bo-
vine serum albumin as a standard. Specific
activity of the resulting enzyme preparation
was about 500 units/mg, where one unit of
COX activity is defined as that amount of en-
zyme which will catalyze the uptake of 1
nmol of oxygen/min/ml of reaction mixture
at 37C.

Oxygen uptake cox assay - The cox ac-
tivity of prostaglandin endoperoxide synth-
ase was estimated by measuring the max-
imal rate of oxygen uptake in the presence
of enzyme and AA by using YSI model 5300
biological oxygen monitor equipped with a
Clarke-type electrode (DeWitt et al., 1990).
Enzyme reaction was initiated by adding an

21

aliquot of the enzyme solution (ca. 50 pug pro-
tein) to a reaction mixture of 1 ml of 0.2 M
sodium phosphate buffer (pH 7.4), 3 uyM hem-
atin, 0.4 mM hydroquinone, 0.3 mM AA and
a designated concentration of test samples.
The velocity was determined from a tangent
value to the linear portion of the oxygen up-
take curve. The inhibitory effects of test sam-
ples on BSV COX-I were indicated by the in-
itial rate of oxygen uptake compared with
that of DMSO control (% of control).
Radiometric COX-I assay - Cultured HEL
cells were plated at 2x10° cells per well in a
24-well microtiter plate and incubated for 24
hr at 37C in a humidified atmosphere (5%
CO,) with the test samples or vehicle sol-
vent (final 0.5% DMSO). Cultured 24-well
microtiter plate was centrifuged for 10 min
at 3,000 g. After the supernatant was pour-
ed out, the pellet was mixed with phosphate-
buffered saline (PBS, pH 7.4). After a furth-
er centrifugation, the supernatant was pour-
ed out and resuspended in 200 ul PBS. The
resuspended cells were incubated for 10 min
at 37T in the presence of 1 uM calcium ion-
nophore A23187 and [1-*C]AA solution (0.05
uCi) and acidified with 10ul of 1 M citric
acid to pH 3.5. After shaking the 24-well
plate, 200 pl of reaction mixture was transf-
erred to microcentrifuge tube and extracted
twice with 500 ul of ethyl acetate to isolate
the metabolic products of cyclooxygenase.
Ethyl acetate layers were applied to alumi-
nium foil-backed silica gel TL.C sheets, and
then chromatographed for 90 min at room
temperature in a solvent containing chloro-
form-methanol-acetic acid-water (v/v, 90:10:1:
1). Authentic prostanoid standards were co-
developed in the same condition. For detec-
tion of C-labelled prostanoids, autoradio-
graphy was performed by placing the TLC
plate in contact with Fuji BAS-IIIs imaging
plate for 24 hr (Najid et al., 1992). The im-
aging plate was scanned by BAS-1500 bio-
imaging analyzer and then radioactivities of
prostanoid bands were quantified. The inhi-
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bitory effects of test samples on COX-I ac-
tivity were indicated by the amount of *C-la-
belled prostancids produced compared with
that of DMSO control (% of control).

Radiometric COX-II assay-J774A.1
macrophages were cultured in 150 cm?® tis-
sue culture flask until confluent. Cultured J
774A.1 macrophages were plated at 2x10°
cells per well in a 24-well microtiter plate
and preincubated for 24 hr at 37C in a
humidified atmosphere (5% CQ,). The basal
release of prostanoids from untreated J774A.
1 macrophages was blocked by pretreatment
of aspirin solution (final concentration, 0.4
pg/ml) so as to exclude basal COX-I effect.
Aspirin pretreated cells were added with
test samples (final 0.5% DMSO) and treated
with LPS (2.5 ug/ml) for 18 hr to induce
COX-II (O'Sullivan et al., 1992). The inhibi-
tory effects of test samples against COX-II
were determined by radiometric COX-I as-
say method as described above.

Results

In order to investigate the antiinflammatory
effects of some natural products, we evalu-
ated these samples using different assay sys-
tems for COX-I and COX-II. As shown in
Fig. 3 (Lane D), HEL cells, known from vari-
ous studies to host only COX-I (Funk et al.,
1991; Tanabe et al., 1993), express COX-I ac-
tivity and COZX-II activity was not induced
by LPS (data not shown) in HEL cells. In
case of J774A.1 macrophages, COX-II ac-
tivity was greatly induced by LPS (2.5 pg/ml)
as shown Fig. 4A (Lane 3). LPS-untreated J
774A.1 macrophages contained no COX-II ac-
tivity and low levels of COX-I activity (Fig.
4A, Lane 1). The basal release of prosta-
noids from untreated J774A.1 macrophages
was blocked by pretreatment of aspirin solu-
tion (final concentration, 0.4 ug/ml) so as to
exclude basal COX-I effect (Fig. 4A, Lane 2).
With the use of these cells as models for
COX-I and COX-II assay systems and semi-
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Fig. 1. Inhibitory effects of indomethacin (¥) and
the ethyl acetate fraction of the root of Dry-
opteris crassirhizoma (®) against BSV COX-
1. Data are expressed as mean+S.D. from
triplicate determinations at each concentr-
ation.

purified enzymes from BSV for COX-I assay
system, we evaluated the plant extracts on
the inhibitory effects aganist COX-I and
COX-II. Table 1 and Fig. 1 show data for
the dose-dependent inhibition of COX-I in
BSV by ethyl acetate fractions of Dryopteris
crassirhizoma (roots; IC;, 65.4pg/ml) and
Triticum aestivum (seeds; ICs, 79.4 ng/ml).
Indomethacin, a positive control, shows the
dose-dependent inhibition (IC;, 6.2 ug/ml) of
BSV COX-I (Fig. 1, Table 2). Ethyl acetate
fractions of Dryopteris crassirhizoma (roots;
ICs, 8.5 pg/ml), Amomum cardamomum (roots;
ICs, 16.5 pg/ml), Anemarrhena ‘asphodelo-
ides (fruits; 1Cs, 12.1 pg/ml) and Perilla ikok-
tana (leaves; 1Cs, 20.0 pg/ml) exhibited dose
dependent inhibition of COX-I activity in
HEL cells (Table 1, Fig. 2, Fig. 3). In this ra-
diometric COX-I assay, the enzyme activity
was measured by the formation of throm-
boxane B, after incubation with exogenous
[1-*CJAA for 10 min and the inhibitory ef-
fects of aspirin and indomethacin were det-
ermined (Table 2). With this assay system,
indomethacin (ICs, 5.0 ng/ml) was 30 times
more potent than aspirin (IC,, 0.16 pg/ml)
against COX-I activity in HEL cells. In ord-
er to investigate the inhibitory effects of test
samples against COX-II, the formation of
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Fig. 2. Inhibitory effects of aspirin (@) and the ethyl
acetate fraction of the root of Dryopteris cras-
sirhizoma (w) against COX-I in HEL cells.
Data are expressed as mean + S.D. from tri-
plicate determinations at each concentration.
Inhibition of COX-I was determined in terms
of the production of thromboxane B,.

Table 2. Effects of aspirin, indomethacin, dexameth-
asone and Dryopteris crassirhizoma (roots) on cycloo-
Xygenases activities

Inhibition of COX Rela‘?i\{e
activity (IC,, pg/ml) selectivity
value

BSV HEL J774A.1 (IC,, COX-I/

COX COX COX-I IC,, COX-ID
Aspirin >100 0.16 12.0 0.001
Indomethacin 6.2 0.05 0.1 0.05
Dexamethasone >100 >20 25.0 >0.8
Dryopteris 654 85 17.2 0.49
crassirhizoma

[Cs, values were determined using 5 different con-
centrations in triplicate. Inhibition of COX-I and COX-
IT were determined in terms of the production of
thromboxane B, and prostaglandin D,, respectively.

prostaglandin D, was used as an indicator of
COX-II activity in LPS-activated J774A.1
macrophages. As a result of the radiometric
COX-II assay, ethyl acetate fractions of
Dryopteris crassirhizoma (roots; 1Cs,, 17.2 ug/
ml), Amomum cardamomum (roots; ICs, 15.7
ug/ml) and Anemarrhena asphodeloides (fruits;
ICso, 20.0 ug/ml) exhibited dose dependent in-
hibition on COX-II activity in LPS-activated
J774A.1 macrophages (Table 1, Fig. 4). Inhi-
bitory effects of dexamethasone, aspirin and
indomethacin against COX-II were also det-
ermined (Table 2) and indomethacin (IC;,, 0.1
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Fig. 3. Autoradiographed TLC-chromatogram of in-
hibitory effects against COX-I by the ethyl
acetate fractions of Dryopteris crassirhizoma
(roots) and Anemarrhena asphodeloides
(fruits) in HEL cells. For detection of “C-la-
belled prostanoids, autoradiography was per-
formed by placing the TLC plate in contact
with Fuji BAS-IIIs imaging plate for 24h
and the imaging plate was scanned by BAS-
1500 bio-imaging analyzer. Lane A, aspirin
(2.0 pg/ml); Lane B: ethyl acetate fraction of
Dryopteris crassirhizoma (roots, 20.0 ug/ml);
Lane C, ethyl acetate fraction of Anemarrhe-
na asphodeloides (fruits, 20.0 pg/ml); Lane D,
DMSO (control)

ug/ml) was the most potent inhibitor of COX-
II and was about 120 times more potent
than aspirin (IC;, 12.0 pg/ml).

Discussion

The discovery of an inducible isoform of
prstaglandin H synthase (COX-II) raised the
possibility that the constitutive enzyme
(COX-I) was responsible for many of the pro-
tective features of prostanoids, while pros-
tanoids generated from the induced enzyme
(COX-II) largely participate in pathological,
inflammatory conditions (Griswold et al., 1996).
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Fig. 4. Autoradiographed TLC-chromatogram of
COX-II induction (A) and inhibitory effects
against COX-II by the ethyl acetate frac-
tions of Dryopteris crassirhizoma (roots) and
Amomum cardamomum (roots) in J7T4A.1
macrophages (B). For detection of “C-labe-
lled prostanoids, autoradiography was per-
formed by placing the TLC plate in contact
with Fuji BAS-IIIs imaging plate for 24h
and the imaging plate was scanned by BAS-
1500 bio-imaging analyzer. Induction of
COX-II was achieved by the stimulation of J
774A.1 cells with LPS (2.5 pg/ml) for 18 hr.
The basal release of prostanoids from un-
treated J774A.1 macrophages was blocked
by pretreatment of aspirin (0.4 ug/ml) so as
to exclude basal COX-I effect. (A) Lane 1, un-
treated cells (COX-I activity); Lane 2, cells
were preincubated with aspirin (0.4 pg/ml);
Lane 3, cells were preincubated with both as-
pirin (0.4 pug/ml) and LPS (2.5pg/ml). (B)
Lane 1, indomethacin (0.5 ug/ml); Lane 2,
ethyl acetate fraction of Dryopteris cras-
sirhizoma (roots, 20.0 pg/ml); Lane 3, ethyl
acetate fraction of Amomum cardamomum
(roots, 20.0 pg/ml); Lane 4, DMSO (control).

Practically, COX-II is induced in migr- a-
tory and other cells by inflammatory stimuli
presumably through cytokine production.
The facts that both of these two types of en-
zymes are inhibited by NSAIDs attractively
suggested that the antiinflammatory actions
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of the NSAIDs are due to inhibition of COX-
I1, whereas the unwanted side effects such
as gastric toxicity and nephrotoxicity are
due to inhibition of the COX-I (Griswold et
al., 1996).

Aspirin, indomethacin and dexamethasone,
which were used as standard compounds,
were evaluated with these systems and they
were much less active against COX-II than
against COX-I (Table 2). Indomethacin was
about 1,200 times more active as an inhib-
itor of COX-I in intact cells (HEL cells) than
as an inhibitor of purified BSV COX-I. It is
interesting that the inhibitory effect of dex-
amethasone against COX-II (25.0 ug/ml) is
much lower than that of aspirin and indo-
methacine (12.0 and 0.1 pg/ml, respectively)
with this system. It was reported that dex-
amethasone affects the prostanoids synth-
esis potently by the inhibiton of COX-II ex-
pression without affecting COX-I synthesis
or activity (Masferrer et al., 1994). Although
the cellular mechanism involved in this glu-
cocorticoid effect is unclear, another report
showed that dexamethasone did not inhibit
the transformation of exogeneously supplied
AA into prostanoids, either by the untreated
or mitogen-induced cell line (Kujubu et al.,
1992). In consistent with the above report,
our results showed that COX-II activity in
exogeneously supplied [1-“C]JAA source was
weakly inhibited (~35%) by the high con-
centration of dexamethasone used (20 pg/ml).
However, COX-1 activity was not inhibited
at 20 pg/ml concentration of dexamethasone
in HEL cells (Table 2).

In summary, we observed that two NS
AlIDs, aspirin (relative selectivity value: ICs,,
COX-I/IC;,, COX-II, 0.013) and indomethacin
(relative selectivity value, 0.05) represented
poor selectivity for COX-II but the ethyl ace-
tate fraction of Dryopteris crassirhizoma
showed high selectivity for COX-II (relative
selectivity value, 0.49) as compared to those
NSAIDs (Table 2). Therefore, the ethyl ace-
tate fraction of Dryopteris crassirhizoma
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(roots), which exhibited the strong inhibition
against BSV COX, COX-1 (HEL cells) and
COX-II (J774A.1 macrophages), is under in-
vestigation to isolate active principles using
activity-guided fractionation method. On the
basis of these results, the use of COX-I and
COX-II assay systems will lead to the iden-
tification of selective inhibitors of cyclooxy-
genases and these active principles can to
be used as effective antiinflammatory agents
devoid of the side effects associated with the
inhibition of COX-I and thus can provide a
significant improvement to current therapies.
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