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Glycoprotein showing inhibitory activity against mast cell degranulation and hyaluronidase activity
was purified from the hot water extract of mint plant (Perilla frutescens Britton). The purified
inhibitor gave a single band detected with Coomassie brilliant blue staining and periodic acid-
Schiff staining on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis.
The molecular mass was estimated to be 6.0 kDa on SDS-PAGE. The inhibitor did not become
inactivated when boiled for 30 min or digested with trypsin, V8 protease, or proteinase K but was
inactivated by NaIO4 oxidation. The inhibitor prevented mast cell degranulation and hyaluronidase
activity (IC50 ) 0.42 mg/mL) in a dose-dependent manner. The inhibitor also inhibited the protein
kinase C activity. It is possible to purify and characterize a glycoprotein with putative pharmacologi-
cal properties from mint plants.
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INTRODUCTION

Mint plant (Perilla frutescens Britton) is widely used
as a spice and food. The extracts of Perilla harba have
been used as a diuretic, a sedative, an antidote, and an
antifebrile in Chinese traditional medicine. To elucidate
these effects, many ether extracts and ethanol extracts
of Perilla leaves were investigated, and perillaldehyde,
a sedative and an anti-fungal agent (Honda et al., 1986;
Kurita et al., 1979), and limonene, a selective inhibitor
of isoprenylation of ras-like small G proteins (Crowel
et al., 1991), were found as the main components of the
volatile extracts.

Recently, much attention is being denoted to anti-
allergic substances of perilla leaves. Yamazaki et al.
(1992) reported that the water extract of perilla leaves
inhibited the endogenous production of tumor necrosis
factor (TNF) in mice. Inhibition of the overproduction
of TNF suppressed both acute and chronic inflamma-
tion. Although rosmarinic acid (Gracza et al., 1985;
Okuda et al., 1986) and R-linolenic acid (Tsuyuki et al.,
1978) are known as anti-inflammatory and anti-allergic
substances of perilla leaves, the main components in the
water extract that show an inhibition of TNF overpro-
duction remain to be defined. Therefore, we attempted
to isolate water-soluble active substances from the hot
water extract of perilla leaves.

In this paper, the isolation and characterization of a
glycoprotein with putative pharmacological properties
from the hot water extract of perilla leaves are de-
scribed.

MATERIALS AND METHODS

Materials and Plant Material. Hyaluronidase (from
bovine testis), hyaluronic acid potassium salt, and proteinase
K were purchased from Sigma Chemical Co. (St. Louis, MO).
2,4-Dinitrophenyl-bovine serum albumin (DNP-BSA) was
kindly given by Dr. Sumiko Suzuki from the National Institute
of Public Health, Japan. Anti-DNP mouse monoclonal IgE
antibody was purchased from Sera Lab Co. (Belton, England).
The protein kinase C Biotrak enzyme assay system RPN-77A
was purchased from Amersham International plc. (Bucks,
England). Partially purified protein kinase C (PKC) for the
RPN-77A assay system was obtained from rat brain. Stauro-
sporine was purified from the culture broth of Streptomyces
livani as described by Oka et al. (1986). All other chemicals
were of analytical grade.

Mint plant, Perilla frutescens Britton, was cultured in
Tohya-cho, Hokkaido, Japan, by the Hokuren Federation of
Agricultural Cooperatives. Its green leaves were dried up for
10 days in the shade.

Assay for the Inhibitory Activity of Degranulation
from Rat Peritoneal Mast Cells. The inhibitory effect on
mast cell degranulation was measured as the inhibitory
activity of histamine release from mast cells. Mast cells were
collected from the peritoneal cavity of Wistar rats and sensi-
tized with anti-DNP mouse monoclonal IgE antibodies as
described by Nakagomi et al. (1990) and Asada et al. (1997).
An antigen (DNP-BSA, 200 ng/mL) and phosphatidylserine
(10 µg/mL) were used as inducers of histamine release. After
the degranulation reaction, the histamine content in the
supernatant solution was analyzed by high-performance liquid
chromatography (HPLC) by a postcolumn labeling fluorescent
reaction with o-phthalaldehyde (Sigma) as described by Ar-
akawa et al. (1986) with slight modifications. The percentage
inhibition of histamine release from rat peritoneal mast cells
was calculated as follows:
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where T0 is the histamine content in the solution with test
sample, C0 is the histamine content in the solution without
test sample, and Bl is the histamine content in the solution
without cells.

Determination of Inhibitory Activity on Activated
Hyaluronidase. The inhibitory effect of Perilla extract on
activated hyaluronidase was determined by the method de-
scribed in the paper by Asada et al. (1997). Hyaluronidase
(2.83 mg/mL) and hyaluronic acid (1.80 mg/mL) were dissolved
in 0.1 M acetate buffer (pH 4.0). Sodium chloride was used as
an activator of the hyaluronidase. The quantitative analysis
of N-acetylamino sugar was determined by the modified
Morgan-Elson method (Reissig et al., 1955). The percent of
inhibition was calculated as follows:

where B is the absorbance without an enzyme, S is the
absorbance with an inhibitor, and C is the absorbance without
an inhibitor.

Preparation of PKC and Assay for Inhibitory Activity
on PKC. PKC was partially purified from rat brain as follows.
Buffer A was composed of 20 mM Tris-HCl buffer (pH 7.5)
containing 2 mM EDTA, 0.5 mM EGTA, 50 mM 2-mercapto-
ethanol, 100 mg/mL leupeptin, and 2 mM phenylmethane-
sulfonyl fluoride (PMSF). Rat brain was homogenized with
Potter-Elvehjem type Teflon homogenizer in buffer A contain-
ing 0.25 M sucrose and ultracentrifuged at 100000g for 30 min.
The supernatant was applied on to the diethylaminoethyl
(DEAE)-Sepharose (Pharmacia Biotech) column (1.0 cm × 1.3
cm) equilibrated with buffer A containing 10% glycerol. After
being washed, the bound proteins were eluted with the same
buffer containing 0.1 M NaCl. All procedures above were
carried out at 4 °C. Assay of PKC activity was performed by
using a PKC assay system (RPN-77A, Amersham) following
the manufacturer’s instruction. Ten microliters of diluted
enzyme and 15 µL of inhibitor solutions were used for the
assay.

Analysis of Neutral Sugar Components. The sample
was hydrolyzed with 1 mL of 4 N hydrochloric acid at 100 °C
for 4 h in a sealed glass tube. After removal of hydrochloric
acid by evaporation, free amino groups were re-acetylated by
acetic anhydride. Released monosaccharides were labeled by
2-aminopyridine (PA) and separated by high-performance
liquid chromatography (HPLC) using a TSK gel AXI column
according to a previous report (Suzuki et al., 1991). Eluted
PA-labeled monosaccharides were identified by comparing the
retention time with standard PA-monosaccharides, and the
molar ratio was calculated based on the peak area, where that
of galactose was expressed as 1.0.

Preparation of Hyaluronidase-Immobilized Toyo-
pearl. AF-Tresyl Toyopearl (TOSOH, Japan) (2 g) was sus-
pended in 20 mL of 0.1 M NaHCO3 and 0.5 M NaCl solution
(solution A). Hyaluronidase solution (200 mg/5 mL of solution
A) was added to the suspension, and then the suspension was
left standing at 4 °C for 24 h. After sequential washing with
0.5 M NaCl solution and with 0.1 M Tris-HCl buffer (pH 8.0)
containing 0.5 M NaCl, the suspension was left standing at 4
°C for 4 h. Hyaluronidase-immobilized Toyopearl was equili-
brated with 0.1 M acetate buffer (pH 4.0) containing 0.1 M
NaCl and then used in the purification steps of the inhibitor
by column chromatography.

RESULTS

Purification of Glycoprotein from the Hot Water
Extract of Perilla Leaves. The active substance
showing inhibitory activity against mast cell degranu-
lation and hyaluronidase activity was purified. In each
step, hyaluronidase inhibitory activity was measured.
A scheme of purification is shown in Figure 1. Dried
green Perilla leaves (200 g) were powdered, suspended
in 2 L of distilled water, and boiled for 15 min. The
extract contained 72.4 g of water-soluble compounds.

The extract was filtered to remove leaves and precipi-
tated with the addition of cetylpyridinium chloride
(CPC), a precipitant for polysaccharides, and let stand
at 37 °C for 16 h. After washing the precipitate with
15% ethanol and then 80% ethanol, the precipitate was
dissolved in water and was loaded on to a DEAE-
Toyopearl (TOSOH, Japan) column (4.4 cm × 26 cm)
equilibrated with 50 mM borate buffer (pH 7.4). After
washing the column with the same buffer, the fractions
were eluted with 1 M NaCl in 50 mM borate buffer (pH
7.4), 0.1 N HCl, and 50% acetone or 50% acetone
containing 0.1 N HCl as shown in Figure 2. The active
components were separated into three fractions. Frac-
tion 1 was eluted with 1 M NaCl solution, fraction 2
was eluted with 50% acetone, and fraction 3 was eluted
with 50% acetone containing 0.1 N HCl, respectively.
Further purification of fraction 1 was carried out.
Fraction 1 was concentrated with Centriprep-3 concen-
trator (cutoff Mw is 3000) (Amicon) and then dialyzed
against water. By the addition of MeOH, the concen-
trated solution was adjusted to a 50% MeOH solution
and charged on a column (3.0 cm × 40 cm) of silica gel
previously equilibrated with 50% MeOH. The active
fractions eluted with 50% MeOH solution were pooled,
evaporated, and applied on a column (2.8 cm × 93 cm)
of Cellulofine GC-700 (Chisso, Japan) equilibrated with
0.01% 3-[(3-cholamidopropyl)dimethylammonio]-1-pro-
panesulfonate (CHAPS). The nonadsorbed eluate was
further purified by using an affinity column (1.6 cm ×

Figure 1. Scheme for extraction and isolation of a mast cell
degranulation inhibitor from mint plant. Details are shown
in Results.

inhibition (%) ) 100 × {1 - (S - B)/(C - B)} (2)
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15 cm) of hyaluronidase-immobilized Toyopearl equili-
brated with 0.1 M acetate buffer (pH 4.0) containing 0.1
M NaCl. After washing the column with the same
buffer, fractions were eluted with 0.1 M Tris-HCl buffer
(pH 8.0) containing 0.5 M NaCl. The active fractions
were gel filtered on a Sephacryl S-200 (Pharmacia
Biotech) column (2.8 cm × 90 cm) equilibrated with 50
mM phosphate buffer (pH 7.4). The active fractions were
pooled and evaporated to produce 97 mg of a preparation
of the inhibitor.

Characteristics of the Purified Inhibitor. The
purified preparation was soluble in water. It was
positive both for the phenol-H2SO4 reaction (Dubois et
al., 1956) and the carbazole-H2SO4 reaction (Bitter et
al., 1962). The total carbohydrate content was estimated
to be 80.4% by the phenol-H2SO4 reaction using glucose
as a standard. The content of total uronic acid was
estimated to be 48.1% by the carbazole-H2SO4 reaction
using sodium glucuronate as a standard. When the
inhibitor was analyzed on sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) analy-
sis using a 4-20% polyacrylamide gradient gel, it gave
a single band at equally migrated positions that were
detected with Coomassie brilliant blue (CBB) staining
and periodic acid-Schiff (PAS) staining (Figure 3).

These findings indicated that the purified preparation
was a glycoprotein. The molecular mass was estimated
to be 6.0 kDa on SDS-PAGE. The inhibitor did not
become inactive when boiled for 30 min, digested with
trypsin at 37 °C for 30 min, digested with V8 protease
(Sigma) at 37 °C for 20 h, or digested with proteinase
K [EC 3.4.21.64] (Sigma) at 37 °C for 3 h, but it was
inactivated by NaIO4 oxidation at 4 °C for 7 days.
Pectinase digestion using polygalacturonase from As-
pergillus japonicus [EC 3.2.1.15] (Sigma) at pH 4.5 at
30 °C for 24 h according to a previous report (Rexova-
Benkova and Mrackova, 1978) also did not decrease the
inhibitory activities against hyaluronidase. Composition
of neutral sugars is shown in Table 1(the molar ratio of
galactose is calculated as 1.00). Though uronic acid
could not be detected in this condition, glucose content
was high in the carbohydrate moiety.

Inhibitory Effects against the Mast Cell De-
granulation, Hyaluronidase, and PKC. The inhibi-
tory effect of the purified glycoprotein on mast cell
degranulation is shown in Figure 4A. The mast cell
degranulation was 26% inhibited at the concentration
of 0.5 mg/mL.

Because it has been reported that most mast cell
degranulation inhibitors show hyaluronidase inhibitory
activity (Kakegawa et al., 1985a,b), the inhibitory effect
on hyaluronidase activity was measured. As shown in
Figure 4B, the glycoprotein also inhibited hyaluronidase
activity in a dose-dependent manner. The glycoprotein
strongly prevented activated hyaluronidase (IC50 ) 0.42
mg/mL) as compared to its inhibitory activity on mast
cell degranulation.

Because the activation of PKC is involved in the
mechanism of mast cell degranulation (Izushi et al.,
1992; Ozawa et al., 1993; Hirasawa et al., 1995a), the
inhibitory effect of the purified glycoprotein on PKC was
measured using partially purified PKC. The glycopro-
tein also inhibited the PKC activity as shown in Figure
5. The magnitude of the inhibitory activity was weaker
than that of staurosporine (Tamaoki et al., 1986), a
powerful inhibitor of protein kinases. However, the
concentration that inhibits the PKC activity is consis-
tent with the effective concentration against mast cell
degranulation.

DISCUSSION

We attempted to isolate the water-soluble active
substances of Perilla leaves. As a result, we isolated a
novel glycoprotein with inhibitory activities of mast cell
degranulation and hyaluronidase.

The molecular mass of the purified preparation was
estimated to be 6.0 kDa on SDS-PAGE analysis.
Because the preparation was positive for CBB staining
and PAS staining on SDS-PAGE, it was deduced to be
glycoprotein. Proteolytic digestion with trypsin, V8
protease, or proteinase K did not decrease the inhibitory

Figure 2. DEAE-Toyopearl column chromatography. Chro-
matography was performed by stepwise elution as described.
Open circles: hyaluronidase inhibitory activity. The 10 mL
fractions were collected.

Figure 3. SDS-PAGE analysis of the purified inhibitor. Lane
1 (from left side), PAS staining; lane 2, CBB staining; lane 3,
Bio-Rad low molecular weight prestained markers. Relative
molecular weights (× 10-3) of protein standards are given at
the right side of the gel.

Table 1. Molecular Ratio of Neutral Sugars in the
Carbohydrate Moiety of the Purified Inhibitor

neutral
sugars

molecular
ratio

neutral
sugars

molecular
ratio

xylose 1.44 mannose 1.69
ribose trace fucose 1.77
galactose 1.00 rhamnose 1.66
glucose 9.24
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activities against mast cell degranulation and hyalu-
ronidase. On the other hand, the inhibitory activities
were lost by NaIO4 oxidation. Because compositions of
gulutaminic acid including glutamine and aspartic acid
containing asparagine also decreased with degradation
of carbohydrate after the oxidation, further experiments
are required for the elucidation of role of carbohydrate
moiety. Carbohydrate compositions were analyzed. The
carbohydrate moiety consisted mainly of glucose with
uronic acids. Sawabe et al. (1992) reported pectic
substances, and polygalacturonic acid inhibited both
activated hyaluronidase and histamine release from
mast cells. However, because pectinase digestion of our
inhibitor had no effect on the mast cell degranulation

activity, the purified preparation was not thought to be
a pectic substance despite the presence of uronic acids.
In the course of the screening of the mast cell degranu-
lation inhibitor, we also found that alginic acids, po-
lymerized compounds of mannuronic acid and guluronic
acid, inhibited activated hyaluronidase and mast cell
degranulation activity (Asada et al., 1997). Therefore,
the role of uronic acids was deduced to be important
for the inhibitory activities of the inhibitor.

It has been suggested that histamine release from
mast cells is primarily regulated by Ca2+ and PKC.
Therefore, the inhibitory effect of the purified glycopro-
tein on PKC was measured. As a result, the glycoprotein
also inhibited the PKC activity although the potency of
the inhibitory activity was not as strong as staurospo-
rine, a powerful inhibitor of protein kinases. Because
the concentration and the magnitude that inhibit mast
cell degranulation are almost the same as those for PKC
inhibitory activity, the inhibition of PKC activity may
be important for the action point of the inhibitor.

On the other hand, a considerable amount of hyalu-
ronidase is present in rat peritoneal mast cells. Kakeg-
awa et al. (1985c) has suggested that hyaluronidase is
one of the target enzyme directly controlling the de-
granulation of mast cells. The purified glycoprotein
strongly inhibited the hyaluronidase activity in a dose-
dependent manner. Therefore, we have deduced that the
inhibition of hyaluronidase activity is also important for
the action point of the glycoprotein against the de-
granulation of mast cells.

Recently, the effect of Perilla was drawing attention
as a functional food. We attempted to isolate the water-
soluble active substances of Perilla leaves. As a result,
we isolated a novel glycoprotein with putative pharma-
cological properties. However, the activities of the
glycoprotein against mast cell degranulation, hyalu-
ronidase, and PKC were not so strong. Further experi-
ments in vivo are underway whether the glycoprotein
shows anti-allergic activity. It is possible to purify and
characterize a glycoprotein with putative pharmacologi-
cal properties from mint plants.

ABBREVIATIONS USED

SDS-PAGE, sodium dodecyl sulfate-polyacrylamide
gel electrophoresis; TNF, tumor necrosis factor; DNP,
2,4-dinitrophenol; DNP-BSA, 2,4-dinitrophenyl-bovine
serum albumin; PKC, protein kinase C; DEAE, diethy-
laminoethyl; CPC, cetylpyridinium chloride; CBB, Coo-
massie brilliant blue; PAS, periodic acid-Schiff; MAP
kinase, mitogen-activated protein kinase.

LITERATURE CITED

Arakawa, Y.; Tachibana, S. A Direct and Sensitive Determi-
nation of Histamine in Acid-Deproteinized Biological Samples
by High-Performance Liquid Chromatography. Anal. Bio-
chem. 1986, 158, 20-27.

Asada, M.; Sugie, M.; Inoue, M.; Nakagomi, K.; Hongo, S.;
Murata, K.; Irie, S.; Takeuchi, T.; Tomizuka, N.; Oka, S.
Inhibitory effect of alginic acids on hyaluronidase and on
histamine release from mast cells. Biosci. Biotechnol. Bio-
chem. 1997, 61, 1030-1032.

Beaven, M. A.; Metzger, H. Signal transduction by Fc recep-
tors: the FcεRI case. Immunol. Today 1993, 14, 222-226.

Bitter, T.; Muir, H. M. A modified uronic acid carbazole
reaction. Anal. Biochem. 1962, 4, 330-334.

Crowell, P. L.; Chang, R. R.; Ren, Z.; Elson, C. E.; Gould, M.
N. Selective inhibition of isoprenylation of 21-26-kDa

Figure 4. (A) Inhibitory effect of the purified inhibitor on
mast cell degranulation. (B) Inhibitory effect of the purified
inhibitor on activated hyaluronidase.

Figure 5. Inhibitory effect of the purified inhibitor on protein
kinase C (PKC) activity.

Glycoprotein from Perilla J. Agric. Food Chem., Vol. 47, No. 2, 1999 471



proteins by the anticarcinogen d-limonene and its metabo-
lites. J. Biol. Chem. 1991, 266, 17679-17685.

Dubois, M.; Gilles, K. A.; Hamilton, J. K.; Rebers, P. A.; Smith,
F. Colorimetric method for determination of sugars and
related substances. Anal. Chem. 1956, 28, 350-356.

Elson, C. E.; Maltzman, T. H.; Boston, J. L.; Tanner, M. A.;
Gould, M. N. Anti-carcinogenic activity of d-limonene during
the initiation and promotion/progression stages of DMBA-
induced rat mammary carcinogenesis. Carcinogenesis 1988,
9, 331-332.

Gracza, L.; Koch, H.; Loffler, E. Biochemical-pharmacologic
studies of medicinal plants. 1. Isolation of rosmarinic acid
from Symphytum officinale L. and its anti-inflammatory
activity in an in vitro model. Arch. Pharm. (Weinheim) 1985,
318, 1090-1095.

Hirasawa, N.; Scharenberg, A.; Yamamura, H.; Beaven, M.
A.; Kinet, J.-P. A requirement for Syk in the activation of
the microtuble-associated protein kinase/phospholipase A2
pathway by FcεRI is not shared by a G-protein-coupled
receptor. J. Biol. Chem. 1995a, 270, 10960-10967.

Hirasawa, N.; Santini, F.; Beaven, M. A. Activation of the
mitogen-activated protein kinase/cytosolic phospholipase A2
pathway in a rat mast cell line. J. Immunol. 1995b, 154,
5391-5402.

Honda, G.; Koezuka, Y.; Kamisako, W.; Tabata, M. Isolation
of sedative principles from Perilla frutescens. Chem. Pharm.
Bull. 1986, 34, 1672-1677.

Izushi, K.; Fujiwara, Y.; Tasaka, K. Identification of vimentin
in rat peritoneal mast cells and its phosphorylation in
association with histamine release. Immunopharmacology
1992, 23, 153-161.

Kakegawa, H.; Mitsuo, N.; Matsumoto, H.; Satoh, T.; Akagi,
M.; Tasaka, K. Hyaluronidase-inhibitory and anti-allergic
activities of the photo-irradiated products of tranilast. Chem.
Pharm. Bull. 1985a, 33, 3738-3744.

Kakegawa, H.; Matsumoto, H.; Endo, K.; Satoh, T.; Nonaka,
G.; Nishioka, I. Inhibitory effects of Tannins on Hyalu-
ronidase activation and on the degranulation from rat
mesentery mast cells. Chem. Pharm. Bull. 1985b, 33, 5079-
5082.

Kakegawa, H.; Matsumoto, H.; Satoh, T. Activation of hyalu-
ronidase by metallic salts and compound 48/80n and inhibi-
tory effect of anti-allergic agents on hyaluronidase. Chem.
Pharm. Bull. 1985c, 33, 642-646.

Kurita, N.; Miyaji, M.; Kurane, R.; Takahara, Y.; Ichimura,
K. Antifungal activity and molecular orbital energies of
aldehyde compounds from oils of higher plants. Agric. Biol.
Chem. 1979, 43, 2365-2371.

Nakagomi, K.; Takeuchi, M.; Tanaka, H.; Tomizuka, N.;
Nakajima, T. Studies on inhibitors of rat mast cell degranu-
lation produced by microorganisms. J. Antibiot. 1990, 43,
462-469.

Oka, S.; Kodama, M.; Takeda, H.; Suzuki, H. Staurosporine,
a potent platelet aggregation inhibitor. Agric. Biol. Chem.
1986, 50, 2723-2727.

Okuda, T.; Hatano, T.; Agata, I.; Nishibe, S. The components
of tannic activities in labiatae plants. I. Rosmarinic acid
from labiatae plants in Japan. Yakugaku Zasshi 1986, 106,
1108-1111.

Ozawa, K.; Szallasi, Z.; Kazanietz, M. G.; Blumberg, P. M.;
Mischak, H.; Mushinski, J. F.; Beaven, M. A. Ca2+-depend-
ent and Ca2+-independent isozymes of protein kinase C
mediate exocytosis in antigen-stimulated rat basophilic
RBL-2H3 cells. J. Biol. Chem. 1993, 268, 1749-1756.

Reissig, J. L.; Strominger, J. L.; Leloir, L. F. A modified
colorimetric method for the estimation of N-acetylamino
sugars. J. Biol. Chem. 1955, 217, 959-966.

Rexova-Benkova, L.; Mrackova, M. Active groups of extracel-
lular endo-D-galacturonanase of Aspergillus niger derived
from pH effect on kinetic data. Biochim. Biophys. Acta 1978,
523, 162-169.

Sawabe, Y.; Nakagomi, K.; Iwagami, S.; Suzuki, S.; Nakazawa,
H. Inhibitory effects of pectic substances on activated
hyaluronidase and histamine release from mast cells. Bio-
chim. Biophys. Acta 1992, 1137, 274-278.

Suzuki, J.; Kondo, A.; Kato, I.; Hase, S.; Ikenaka, T. Analysis
by high-performance anion-exchange chromatography of
component sugars as their fluorescent pyridylamino deriva-
tives. Agric. Biol. Chem. 1991, 55 (1), 283-284.

Tamaoki, T.; Nomoto, H.; Takahashi, I.; Kato, Y.; Morimoto,
M.; Tomita, F. Staurosporine, a potent inhibitor of phos-
pholipid/Ca2+ dependent protein kinase. Biochem. Biophys.
Res. Commun. 1986, 135, 397-402.

Tsuyuki, H.; Itoh, S.; Nakatsukasa, Y. Studies on the lipids
in perilla seed. Bull. Coll. Agric. Vet. Med., Nihon Univ.
1978, 35, 224-230.

Yamazaki, M.; Ueda H.; Du, D. Inhibition by perilla juice of
tumor necrosis factor production. Biosci. Biotechnol. Bio-
chem. 1992, 56, 152-152.

Received for review March 17, 1998. Revised manuscript
received July 10, 1998. Accepted November 3, 1998. Financial
support for this research was provided by Creative and
Fundamental R&D Program for Small and Medium Enter-
prises from Japan Small Business Corporation.

JF9802777

472 J. Agric. Food Chem., Vol. 47, No. 2, 1999 Asada et al.


