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As a traditional Chinese medicine, Sophora subprostrata
has been used as an antipyretic, antidote and analgesic. For
the purpose of searching for bioactive compounds exerting
antiinflammatory activity, two-quinolizidine alkaloids were
isolated by cyclooxygenase (COX) inhibitory activity-directed
chromatographic fractionation from the aerial portion of
S. subprostrata. These alkaloids were identified as matrine
and oxymatrine, respectively. Matrine showed significant
COX-1 inhibitory activity (ICsy: 31.3 uM) and moderate COX-2
inhibitory activity (ICso: 188.5 uM), whereas oxymatrine showed
less COX-1 (ICsp: 197.8 uM) and COX-2 (ICsp: 385.1 uM)
inhibitory activity. Both matrine and oxymatrine exhibited
antioxidant activity in a dose-dependent manner by PMS-
NADH system test (ECso 192.5 and 275.8 uM, respectively).
This is the first report on cyclooxygenase inhibitory and anti-
oxidant activities from matrine and oxymatrine in vitro and
provides certain scientific supports for the medicinal use of
these two compounds from S. subprostrata for inflammatory
disorders.

Key Words: Sophora subprostrata, Cyclooxygenase inhibition,
Antioxidant, Matrine, Oxymatrine.

INTRODUCTION

Sophora subprostrata CHUN et T. CHEN (Chinese drug: Shan-Dou-Gen,
Leguminosae) has traditionally been used as Chinese medicinal plant in
southern China. It belongs to the category of heat eliminating and toxin
removing herbs, whose roots have been used to treat pain, fever, peptic
ulcers, inflammation and coughing'. Moreover certain alkaloids isolated
from S. subprostrata have been confirmed to have some pharmacological
effects, such as anti-pyretic’, anti-tumoral® and anti-nociceptive effects®.
As an important Chinese drug, extensive research about this herb has been
performed in the past 50 years and a number of constituents have already
been isolated from this plant, including alkaloids’, flavonoids®, saponins’
and polysaccharides®.
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COXs play an important role in the synthesis of prostaglandin from
arachidonic acid and have been widely used to evaluate the antiinflammatory
activities of natural products”'’. There are two different forms of COX,
COX-1 and COX-2. COX-1 is constitutively expressed in various tissues,
while COX-2 is induced in response to cytokines, growth factors and tumor
promoters in inflammation. Many plant tissues contain a wide variety of
compounds with antioxidant activity, such as flavonoids, lignans, alkaloids,
terpenes and phenolics''. In addition to the protective effects of the endog-
enous antioxidant defense system, natural products with antioxidant activity
could retard the oxidative damage of a tissue by increasing those defenses'?.
Some studies about the relationship of antioxidant and antiinflammatory
have shown that oxygen free radicals produced in inflammation and anti-
oxidant compound may block arachidonic acid metabolism by inhibiting
lipoxygenase activity or may serve as a scavenger of reactive free radicals
which are produced in arachidonic acid metabolism".

So far, little information on the in vitro COX inhibitory and antioxidant
activities of S. subprostrata extracts has been reported. The purpose of
present study was to isolate and identify major components from this herb
by COX inhibitory activity-guided chromatographic fractionation methods.
Two kinds of alkaloids, matrine and oxymatrine were purified from the
active chloroform fraction of methanolic extract of S. subprostrata.

EXPERIMENTAL

Melting points were determined on a BUCHI 535 (BUCHI Co.). 'H NMR
and "C NMR spectra (ppm, J in Hz) were obtained using a JNM-A500
NMR spectrometer (Jeol) at 500 MHz and 125 MHz, respectively, with
TMS as an internal standard.

COX (ovine) inhibitor screening assay kits and aspirin were purchased
from Funakoshi Co., Japan, Cayman Chemical Company. Nitro blue tetra-
zolium (NBT), phenazine methosulfate (PMS) and nicotinamide adenine
dinucleotide-reduced (NADH) were purchased from Nacalai tesque, Japan,
Sigma, Germany. Trolox, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 3(2)-#-butyl-
4-hydroxyanisole (BHA) and all solvents used were of analytical grade
and purchased from Wako Pure Chemical Industries, Japan.

The dried aerial parts of S. subprostrata used in this study were purch-
ased from the Herb Store in Jiang Kou, Guizhou province, China. The
plant identity was confirmed by Dr. Xu Shengguo (Central South Forestry
University, China).

Extraction, isolation and identification: The dried aerial parts of S.
subprostrata (235 g) were pulverized and extracted with methanol (3 x
900 mL, 72 h) at room temperature. The isolated crude extract was filtrated
and then the solvent was removed at 40 °C under a vacuum and freeze-
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dried to get 38.4 g crude extract. Dried crude extract was suspended in
water (400 mL) and successively partitioned with hexane, chloroform and
ethyl acetate. The obtained extract, in addition to the water solution rema-
ining after extraction, was filtered and concentrated under reduced pressure
to get 1.1, 5.1, 0.26 and 31.3 g of hexane, chloroform, ethyl acetate and
water extracts, respectively.

The chloroform extract (5.1 g) was added with benzene (100 mL x 3 times)
to obtain the benzene-soluble fraction (1.9 g) and benzene-insoluble fraction
(3.1 g). Because benzene-soluble fraction showed much higher COX inhi-
bitory activity than benzene-insoluble fraction, so an aliquot of the benzene-
soluble fraction (105 mg, dissolved in 10 mL 50 % methanol) was applied
to a C18 Sep-Pak column (Vac 35 mL, 10 g; waters) previously wet with
50 mL methanol and equilibrated with 50 mL of 50 % methanol. Then 50,
75, 90 % and absolute methanol (120 mL of each) were used in succession
to elute the column. Four fractions were collected and named as fractions
Al (40 mg), A2 (16 mg), A3 (34 mg) and A4 (8 mg), respectively. Then, COX
inhibitory and antioxidant activities were evaluated for these fractions. A1l
and A2 fractions showed a high activity and were subjected to preparative
HPLC purification.

Fractions A1 and A2, were further purified by preparative HPLC using
a Shimadzu preparative HPLC equipped with SCL-10Avp system controller,
LC-20AT pump, SPD-20A UV-Vis detector, FRC-10A fraction collector
and Rheodyne Injector Model 77251 with 100 uL. sample loop. Separation
was achieved with a cosmosil preparative C-18 AR column (Nacalai Tesque
company) (20 x 250 mm). The mobile phase consisted of acetonitrile :
0.01 M KH,POu4:triethylamine in a ratio of 20:8:0.01 (v/v/v). Two main
peaks with retention times 21.6 (compound 1) and 25.6 min (compound 2)
were collected with a 3.0 mL/min of flow rate and 208 nm detection. The
pooled fractions were concentrated and then chloroform was added into
these factions to extract the aim compounds. The two compounds have
been identified as matrine (compound 1) and oxymatrine (compound 2) by
comparison with previously published data. Matrine is a colourless glassy
solid; m.p. 76 °C; UV: (MeOH) Auax 204 nm; MS (positive ion): m/z 249.4
[M+H]. Oxymatrine is a colourless glassy solid; m.p. 162-163 °C; UV:
(MeOH) Amax 194 nm; MS (positive ion): m/z 265.4 [M+H]. '"H NMR (600
MHz, CDCl;) and "C NMR (125 MHz, CDCl;) of matrine and oxymatrine
also matched with published data'’. Structures of the two compounds
showed in Fig. 1.

LC/MS spectrometer: LC/MS spectra were obtained using a Sciex
API2000 LC-MS/MS System (Model Sciex API 2000, Applied Biosystems,
Langen, Germany) coupled to a Agilent 1100 LC Binary pump equipped
with a Agilent 1100 Thermo Auto-sampler, Agilent 1100 Column Oven
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Fig. 1. Structure of matrine (1) and oxymatrine (2) isolated from S. subprostrata

and Agilent 1100 Diode Array Detector in combination with a SYNERGI
4uMAX-RP 80 A C18 reverse phase column (150 mm x 4.6 mm, Phenomenex
Company, USA). 5 uL. samples were injected for analysis. Draw speed and
eject speed were 200 and 200 pL/min, respectively. UV detector spectral
was recorded between 190-400 nm with a 2 nm step width. Flow rate was
200 pL/min, solvent A = ultra-pure water and solvent B = HPLC grade
MeOH. Gradient program: 0 min (95 % A, 5 % B), 2 min (85 % A, 15 % B),
10 min (50 % A, 50 % B), 20 min (30 % A, 70 % B), 25 min (20 % A, 80 % B),
30 min (10 % A, 90 % B), 35 min (5 % A, 95 % B), 40 min (0 % A, 100 % B),
45 min (0 % A, 100 % B), 50 min (95 % A, 5 % B).

Mass spectra were obtained in ion spray voltage of 5000 V (positive
mode) and a temperature of 450 °C using a Turbolon spray ion source.
Spectra were recorded between m/z 100-900 with scan duration of 2 s/scan
and an interscan time of 0.1 s. Spectra were processed using Biosystems/
MDS SCIEX instruments Analyst Software (version: Analyst 1.4).

Determination of COX inhibitory activity: The ability of the S.
subprostrata extracts, matrine, oxymatrine and positive controls to inhibit
ovine COX-1 and COX-2 was determined using a COX (ovine) inhibitor
screening assay kit (Cayman Chemical Company, USA) according to the
manufacturer's instructions. Briefly, 10 uL of different concentrations of
test samples were added to series reaction buffer solutions (960 uL, 0.1 M
Tris-HCI pH 8.0 containing 5 mM EDTA and 2 mM phenol) with either
COX-1 or COX-2 (10 yL) enzyme in the presence of heme (10 pL). After
solutions were incubated 5 min at 37 °C, the reaction was initiated by adding
10 uL substrate solution (arachidonic acid, 100 uM). The reaction was
stopped by the addition of 50 uL. of 1 M HCI after 2 min and then saturated
stannous chloride was added to reduce PGH, to PGF,,, which was measured
by enzyme immunoassay. All treatments were carried out in 3 replications.
The inhibitory activity was calculated by comparing with a plotted standard
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response curve. The concentration of the test compound causing 50 % inhi-
bition (ICsy, uM) was calculated from the concentration-inhibition response
curve.

DPPH radical scavenging activity: Free radical scavenging activity
of extracts was determined using the 1,1-diphenyl-2-picrylhydrazyl (DPPH)
method". Different concentrations of extracts and positive control BHA in
methanol solution (100 uL.) were added to 4 mL of DPPH methanol solution
(0.1 mM). An equal amount of methanol was used as a blank. After incuba-
tion for 0.5 h at room temperature in the dark, the absorbance was measured
at 517 nm using a UV spectrophotometer (Jasco Ubest-50). Activity of
scavenging (%) was calculated using the following formula:

DPPH radical scavenging (%) = [(ODcontrol = ODjampic)/ODeonarol] X 100%

PMS-NADH system for scavenging superoxide radicals: The super-
oxide scavenging ability of extracts was assayed by the method of Lau et al."®
with minor modifications. In the reaction mixture, 1.6 mL of phosphate
buffer (0.1 M, pH 7.4) contained 105.6 uM B-nicotinamide adenine dinucl-
eotide (NADH), 50 uM nitro blue tetrazolium (NBT) and samples in different
concentrations dissolved in methanol. The reaction was initiated by adding
30 uM phenazin methosulfat (PMS) into the reaction mixture. Methanol
was used as a control. After 10 min, the reaction mixture reached a stable
colour; the absorbance was measured at 560 nm against a blank. The capa-
bility of scavenging superoxide radical was calculated using the following
equation:

ScaVenging effeCt (%) = [(ODcontrol - ODsample)/ODcontrol] X 100 %

Statistical analysis: Data were analyzed by SAS version 6.12 using
ANOVA with the least significant difference (LSD) at the 0.05 probability
level.

RESULTS AND DISCUSSION

COX inhibitory and antioxidant activities of methanol extract and
sub-fractions from S. subprostrata: The methanolic extract of S. subprostrata
was separated into hexane, chloroform, ethyl acetate and water fractions.
Then, they were subjected to COX inhibitory, DPPH radical scavenging
and PMS-NADH system antioxidant assays. The COX inhibitory and anti-
oxidant effect of the methanolic extract and the fractionated extracts are
shown in Figs. 2-4. These results indicate that the methanolic extract exhi-
bited moderate COX-1 and COX-2 inhibitory activity and antioxidant effects.
At the concentration of 45.5 pg/mL, the chloroform fraction showed the
highest COX-1 and COX-2 inhibitory (41.1 and 30.8 %, respectively) in all
fractions. Chloroform fraction also exhibited higher DPPH radical scavenging
activity (ECsy 44.4 pg/mL) and superoxide radical scavenging activity (53.3 %)
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compared with hexane, ethyl acetate and water fractions. The results suggested
that COX inhibitory and antioxidant components most contented in chloro-
form fraction.
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DPPH radical scavenging activity (ECso) of the extracts of S. subprostrata.
Effect of the methanolic extract and sub-fractions of S. subprostrata on
DPPH radical scavenging activities (ECsp); the values represent means +
SD (n = 3), *p < 0.05 vs. methanolic extract
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Fig. 4. PMS-NADH system antioxidant activity of the extracts of S. subprostrata
Effect of the methanolic extract and sub-fractions of S. subprostrata for
PMS-NADH system antioxidant activities; samples concentration: 30 pg/
mL, the values represent means + SD (n = 3), *p < 0.05 vs. methanolic
extract

Chemical composition in the extracts of S. subprostrata by LC/MS:
LC/MS analysis of the methanolic extract and sub-fractions of S. subprostrata
resulted in the identification of two compounds, matrine and oxymatrine.
LC/MS chromatograph of methanolic extract showed in Fig. 5. According
to the analysis results of different fractions by LC/MS, the content of matrine
and oxymatrine were gradually increased following COX inhibitory activity-
directed chromatographic fractionation. As showed in Table-1, the matrine
and oxymatrine present in methanolic extract were 2.7 and 11.6 %, respec-
tively and in the chloroform fraction were 12.0 and 60.1 %, respectively.
The contents of matrine and oxymatrine in the chloroform fraction were
much higher than in the methanolic extract. The amount of matrine conten-
ted in benzene-soluble fraction was increased to 35.8 %, but the amount of
oxymatrine was decreased to 38.4 %. The matrine composition in the A2
fraction was ca. 53.0 %. Based on the results of preliminary COX inhibi-
tory and antioxidant activities testing, these activities might be due to the
presence of matrine and oxymatrine and we also concluded that matrine
exhibited higher COX inhibitory activity than oxymatrine. These two compo-
unds were purified from the Al, A2 fractions by successive preparative
HPLC.
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Fig. 5. LC/MS chromatograph of S. subprostrata methanol extract

TABLE-1
MATRINE AND OXYMATRINE COMPOSITION IN
EXTRACTS OF S. subprostrata BY LC/MS

Composition (%)

Extracts - - -
Matrine (20.5-21.0)* Oxymatrine (21.5-22.7)
Methanol extract 2.7 11.6
CHCI, fraction 12.0 60.1
Benzene-soluble fraction 35.8 384
Al fraction 38.7 18.2
A2 fraction 53.0 6.8

“Retention time (min).

COX inhibitory activities of matrine and oxymatrine: The isolated
matrine and oxymatrine from S. subprostrata were tested for COX-1 and
COX-2 inhibitory activities. The concentrations of each of the two compounds
assayed were 365.1, 182.6 and 91.3 uM for the assays. These two compounds
showed concentration-dependence in COX-1 and COX-2 inhibition assays.
The inhibition of cyclooxygenase activities (ICsy) for the two compounds
was shown in Table-2. Standard antiinflammatory compounds, aspirin and
NS-398, were used as positive controls, when aspirin showed minor inhi-
bitory activity against COX-1 and COX-2 (ICs; 1.04 and 2.23 mM, respectively)
and NS-398 inhibited excellent COX-2 inhibitory activity (IC50 5.6 uM).
Matrine showed high COX-1 inhibitory activity (ICs, 31.3 uM) and moderate
COX-2 inhibitory activity (ICsy 188.5 uM). Oxymatrine had weaker inhibitory
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activities against COX-1 (ICsp 197.8 uM) and COX-2 (ICs, 385.1 uM) compared
with matrine. Both matrine and oxymatrine showed higher COX-1 inhibitory
activity than COX-2 inhibitory activity.

TABLE-2
COX INHIBITORY AND ANTIOXIDANT ACTIVITY OF
MATRINE AND OXYMATRINE
COX inhibitory activity ICs, (UM) PMS-NADH assay
Samples
COX-1 COX-2 EC5, (uM)
Oxymatrine 197.8 £2.4b 385.1+2.7b 275.8 +3.5a
Matrine 31.3+0.6c 188.5 +3.7¢c 192.5 +2.3b
Aspirin 1041.1 £ 8.5a 2228.1 £ 18.4a NT
NS-398 NT 5.6+0.1d NT
Trolox NT NT 126.6 + 1.1¢c

Values represent means + SD (n = 3); Values sharing the same superscript letter
in same column are not significantly different (p < 0.05); NT = not tested.

Antioxidant activity of matrine and oxymatrine: To examine the
antioxidant activity effects of the isolated matrine and oxymatrine, the PMS-
NADH system superoxide radicals scavenging methods were used. As indi-
cated in Table-2, matrine and oxymatrine exhibited moderate antioxidant
activities when assayed by radical scavenging (ECsy 192.5 and 275.8 uM,
respectively), while ECs, of positive control Trolox was 126.6 uM.

Shibata and Nishikawa’ reported that matrine and oxymatrine were
first isolated from the roots of S. subprostrata. An intensive investigation
into the pharmacology and clinical applications of these two alkaloids had
been performed in the past and still remained one of the focal points of
medical research. The main clinical applications of matrine and oxymatrine
were treatment of tumour’, viral hepatitis'"'®, ocular inflammation", ulcer®,
cardiovascular and nociceptive diseases™ . Matrine was also reported to
be used as a non-steroidal antiinflammatory drug (NSAIDs)*. Hong et al.”
have reported that the methanolic extract of S. subprostrata showed COX-2
and iNOS inhibitory activities; however they did not isolate active comp-
ounds. One research showed that matrine exhibited selective inhibitory
effect on functional activity of COX-2 in the HT-29 cell line™. These results
are accordance with present study. The presence of matrine and oxymatrine
were reported in many leguminous plants. Some researchers isolated these
compounds from the root of S. flavescens, the aerial parts of S. alopecuroides'**.
However, there are few reports about these alkaloids isolated from the aerial
parts of S. subprostrata. The mechanism of antiinflammatory activity of
matrine and oxymatrine was not well understood. Therefore, it is necessary
to clarify the COX inhibitory effect by these compounds. The present study
reports for the first time the COX-1 and COX-2 inhibitory activities in vitro

4,21
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of matrine and oxymatrine isolated from S. subprostrata and also give some
biological effects of its superoxide radical scavenging activities. The findings
provide some scientific supports for the traditional use of S. subprostrata
for controlling inflammatory disease.
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