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ABSTRACT Atherosclerosis is a chronic and progressive inflammatory disease. Novel anti-inflammatory therapies may

have promise as treatment strategies for cardiovascular risk reduction. Rosemary (Rosemarinus officinalis L.) has been used in

folk medicine to treat headaches, epilepsy, poor circulation, and many other ailments. It was found that rosemary could act as

a stimulant and mild analgesic and could reduce inflammation. However, the mechanisms underlying the anti-inflammatory

and antiatherosclerotic effects of rosemary need more study. This study investigated effects of the rosemary components,

carnosic acid (CA), and carnosol (CAR), on cell migration. Monocyte chemoattractant protein-1 (MCP-1) and matrix

metalloproteinase-9 (MMP-9) were determined by Western blot and gelatin zymography, respectively, in RAW 264.7

macrophages and vascular smooth muscle cells (VSMCs). VSMC migration was assessed by a Matrigel migration assay.

Active compounds of rosemary extracts were also analyzed using a reversed-phase high-performance liquid chromatography.

MMP-9 and MCP-1 activities were markedly diminished with methanol extract (RM), n-hexane fraction (RH), and CA in

RAW 264.7 cells. RM, RH, CA, and CAR suppressed tumor necrosis factor-alpha–induced VSMC migration by inhibiting

MMP-9 expression. Chromatograms of RM- and RH-containing CA and CAR revealed higher CA contents of RM (9.4%,

93.85 lg/mg dry wt.) and, especially, RH (18.4%, 184.00 lg/mg dry wt.), which were appreciably elevated compared with the

similar CAR content in RM and RH (3.7%, 37.30 lg/mg dry wt.; and 2.5%, 25.05 lg/mg dry wt., respectively). Rosemary,

especially its CA component, has potential antiatherosclerosis effects related to cell migration.
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INTRODUCTION

Atherosclerosis is a chronic and progressive inflam-
matory disease that leads to advanced cardiovascular

diseases, such as coronary thrombosis, myocardial infarc-
tion, and stroke.1,2 Vascular inflammation occurs in response
to shear stress, infection, or oxidative stress initiated, for
instance, by the oxidized lipid moiety of oxidized low-
density lipoprotein (OxLDL). OxLDL, in turn, induces an
immune response within the arterial wall.3

A key initial step in this process involves the binding of
monocytes to the arterial endothelium. Activated endothe-
lial cells express a number of adhesion molecules, including
vascular cell adhesion molecule-1 and intracellular adhesion
molecule-1, which bind the monocytes to the surface of
endothelial cells.1 Recruitment to the subendothelial space

is promoted by the expression of chemoattractants, such as
the monocyte chemoattractant protein-1 (MCP-1) chemo-
kine within the tissue.4 Monocytes that have entered the
artery wall are different from macrophages and take up
modified LDL via scavenger receptors to form foam cells,
the hallmark of atherosclerosis. Foam cell accumulation is
characterized by fatty streaks and deposition of fibrous tis-
sue defines more advanced atherosclerotic lesions.5

Extravasation of circulating leukocytes, particularly
macrophages and T cells, requires the secretion of matrix-
degrading enzymes and matrix metalloproteinases (MMPs),
which allow leukocytes to penetrate the vessel wall into the
extracellular matrix. It has been suggested that MMP-9 is
involved in the disruption of basement membrane, which is
required for the process of monocyte transmigration.6,7

The migration of vascular smooth muscle cells (VSMCs)
from the tunica media to the subendothelial region is cru-
cial in the development and progression of many vascu-
lar diseases, including atherosclerosis and postangioplasty
restenosis.8 Activation of MMP may contribute to the
pathogenesis of atherosclerosis by facilitating migration of
VSMCs.9 Analysis of human atherosclerotic lesions and
advanced plaques has demonstrated increased expression of
MMP, especially the MMP-9 gelatinase, in VSMCs.10 The
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plaque cap could form by migration of typical, contractile
VSMCs from the media, which would account for the fre-
quent medial wasting observed at the base of atherosclerotic
plaques.11

Rosemarinus officinalis L., commonly called rosemary,
has a long-standing reputation for improving memory and
has been used as a symbol of remembrance in Europe.12 R.
officinalis leaves possess a variety of bioactivities, including
antioxidant,13 antitumor, 14 anti-inflammatory,15,16 and anti-
human immunodeficiency virus.15 The large number of rel-
evant main constituents include volatile oils, terpenoids,
flavonoids, and polyphenolics, including carnosic acid (CA),
carnosol (CAR), rosmarinic acid, and ursolic acid.13,17–20

Among the antioxidant compounds, about 90% of the anti-
oxidant activity can be attributed to CA and CAR, which are
the major phenolic diterpene constituents in rosemary.21

CA and CAR have a typical O-diphenol structure.22,23

CA and CAR also exhibit anti-inflammatory, anticancer, and
scavenging activities.24

The antiatherosclerotic mechanism(s) of rosemary are ill-
understood. The present study investigated the inhibitory
effects of CA and CAR from rosemary on MMP-9, MCP-1
levels, and cell migraion.

MATERIALS AND METHODS

Chemicals and reagents

All chemicals were obtained from Sigma-Aldrich (St.
Louis, MO, USA) unless otherwise indicated. Cell culture
reagents were purchased from Gibco BRL (Rockville, MD,
USA). Fetal bovine serum (FBS) and bovine calf serum
(BCS) were purchased from Hyclone (Logan, UT, USA).
Recombinant human tumor necrosis factor-alpha (TNF-a)
was obtained from R&D Systems (Minneapolis, MN, USA).
Polyclonal MCP-1 and secondary antibodies (horseradish
peroxidase-linked anti-rabbit, and anti-mouse IgGs) were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). The polyclonal MMP-9 antibody was obtained from
Abcam (Cambridge, United Kingdom). The enhanced che-
miluminescence Western blotting detection system was
from Amersham (Arlington Heights, IL, USA). Transwell
was purchased from Corning Incorporated (Corning, NY,
USA). CAR was purchased from Cayman Chemical Com-
pany (Ann Arbor, MI, USA).

Preparation of methanolic extracts and their fractions
from rosemary

Rosemary leaves were extracted with a 10-fold volume
of 80% methanol at room temperature for 24 h. The ex-
traction was repeated three times. The extracts were evap-
orated in a rotary evaporator at 55�C. The resulting
methanol extracts (RM) were suspended in water and suc-
cessively extracted with equal volumes of n-hexane fraction
(RH), chloroform, ethyl acetate, and n-butanol. The frac-
tions were evaporated on a rotary evaporator under reduced
pressure. Each concentrated fraction was freeze-dried to
yield a solid fraction.

Cell culture

Rat VSMCs were obtained from the American Type Culture
Collection (Rockville, MD, USA) and RAW 264.7 mouse
macrophage cells were purchased from Korean Cell Line Bank
(Seoul, Korea). Both cell types were maintained in the Dul-
becco’s modified Eagle’s medium supplemented with 10%
FBS and BCS containing 100 U/mL of penicillin and 100lg/
mL of streptomycin and 5% CO2 at 37�C. For all experiments,
early passage cells were grown to 80–90% confluence.

Gelatin zymography assay

RAW 264.7 cells and VSMCs were plated in wells of six-
well plates at a cell density 2 · 106/well and 8 · 105/well, re-
spectively, and treated with various concentrations of sample in
the absence or presence of 100 ng/mL lipopolysaccharide
(LPS) and TNF-a, respectively. The culture supernatant was
electrophoresed in a polyacrylamide gel containing 0.1% (w/v)
gelatin. The gel was then washed at room temperature for
30 min with 2.5% Triton X-100 and subsequently incubated at
37�C for 24 h in a buffer containing 10 mM CaCl2, 0.01%
NaN3, and 50 mM Tris-HCl (pH 7.5). The gel was stained with
0.2% Coomassie brilliant blue and photographed on a light box.
Proteolysis was detected as a white zone in a dark blue field.

Western blot analysis

RAW 264.7 cells and VSMCs were plated in wells of six-
well plates as described above and incubated with or without
100 ng/mL LPS and TNF-a, respectively, in the absence or
presence of various concentrations of sample for 24 h. Cells
were harvested by scraping the cells from cultured dishes
using a cell scraper. Cellular lysates were prepared in a lysis
buffer containing 50 mM Tris-HCl (pH 7.5), 2 mM EDTA,
150 mM NaCl, 0.5% deoxycholate, 0.1% sodium dode-
cylsulfate (SDS), 1 mM NaF, 1 mM Na3VO4, 1 mM phenyl
methyl sulfonyl fluoride, 1 mM dithiothreitol, 1 lg/mL
leupeptin, and 1% NP-40. The cells were disrupted and
extracted at 4�C for 30 min. After centrifugation at 13,000 g
for 15 min, the supernatant was obtained as the cell lysate.
Protein concentrations were measured using a protein kit
(BioRad, Hercules, CA, USA). Cellular proteins (10 lg/
lane) were resolved in aliquots subjected to 10% SDS-
polyacylamide gel electrophoresis. The resolved proteins
were transferred to an Immobilon-P-membrane (Millipore,
Billerica, MA, USA) and allowed to react with a specific
antibody. The detection of specific proteins was carried out
by enhanced chemiluminescence following the manufac-
turer’s instructions. Loading differences were normalized
using the polyclonal anti-b-actin antibody.

Cell migration assay

Matrigel-coated filter inserts (8 lm pore size) that fit into
24-well invasion chambers were obtained from Becton-
Dickinson (Piscataway, NJ, USA). VSMCs were detached
from the tissue culture plates, washed, and resuspended in a
conditioned medium (4 · 104 cells/well), and then added to
the upper compartment of the invasion chamber with or
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without the presence of a sample. The conditioned medium
(500 lL) was added to the lower compartment of the invasion
chamber. The Matrigel invasion chambers were incubated at
37�C for 12 h in an atmosphere of 5% CO2. After incubation,
the filter inserts were removed from the wells and the cells on
the upper side of the filter were removed using cotton swabs.
The filters were fixed, stained, and mounted according to the
manufacturer’s instructions (Becton-Dickinson). The cells
that migrated through the Matrigel to the underside of the
filter were counted. Three-to-five invasion chambers were
used per condition. The values were obtained by averaging
the total number of cells from three filters.

High-performance liquid chromatography analysis

The extracted sample was filtered through a 0.45-lm
poly(tetrofluoroethylene) syringe-tip filter. Using a 20-lL
sample loop, the sample was analyzed using a reversed-
phase high-performance liquid chromatography (HPLC)
system (Waters 2690; Milford, MA, USA), a quaternary
pump, and a vacuum degasser. For HPLC analyses of CA
contents in the RM and RH fractions, a C18 reversed-phase
Xbridge analytical column (Waters Xbridge C18, 5 lm ·
150 mm · 4.6 mm) was used. Two mobile phases were used:
solvent A was comprised of water and solvent B consisted of
0.1% trifluoroacetic acid in acetonitrile. The gradient for
HPLC analysis was linearly changed as follows (total
40 min): 30% B at 0 min, 40% B at 3 min, 50% B at 5 min,
53% B at 7 min, 58% B at 10 min, 62% B at 14 min, 68% B at
19 min, 75% B at 24 min, and 100% B at 30 min. For HPLC
analyses of CAR contents in the RM and RH fractions, a C18

reversed-phase Symmetry analytical column (Waters Sym-
metry C18, 5 lm · 150 mm · 4.6 mm) was used. Two mobile
phases were used; solvent A and B as described above. The
gradient for HPLC analysis was linearly changed (total
40 min): 30% B at 0 min, 40% B at 3 min, 50% B at 5 min,
53% B at 7 min, 58% B at 10 min, 68% B at 14 min, 80% B at
19 min, 95% B at 24 min, and 100% B at 30 min. The flow
rate was set to 1.0 mL/min at constant room temperature
(25�C). The detector was set at 254 nm. Individual CA and
CAR in the sample were tentatively identified by compari-
son of their ultraviolet-visible spectra and retention times
with spiked CA and CAR standards.

Statistical analysis

The results are expressed as mean – standard deviation.
Significance of differences between the means of the two
groups was determined by the unpaired Student’s t-test
using Sigma plot (8.0) software (SigmaStat, San Diego, CA,
USA). The minimum significance level was set at P value
£ .05 for all analysis.

RESULTS

Effect of RM and RH on LPS-induced MMP-9 secretion
and MCP-1 expression in RAW 264.7 cells

MMPs are a family of zinc-containing enzymes that are
involved in the degradation of different components of the

extracellular matrix. Considerable evidence indicates that
individual MMPs have important roles in tumor invasion
and subsequent spread. MMPs are divided into four sub-
groups according to their substrate specificity and structural
homology, and each subgroup can degrade at least one
component of the extracellular matrix.25 Especially, MMP-9
(gelatinase B, 92 kDa type IV collagenase) has been sug-
gested to play an important role in cell migration by facil-
itating the destruction of type IV collagen-containing
basement membrane that separates the epithelial and stro-
mal compartments.26

To identify the active compounds responsible for inhibi-
tory effect on MMP-9 and MCP-1 of rosemary, the activities
of MMP-9 secreted from VSMCs were measured with RM
and its fractions (10 lg/mL). RM and RH significantly de-
creased MMP-9 secretion compared to the other fractions, as
ascertained using a gelatin zymogaphy assay (data not
shown).

The supernatant obtained from cultured RAW 264.7 cells
displayed very weak proteolytic activity at 92 kDa, corre-
sponding to MMP-9. In contrast, treatment with LPS
(100 ng/mL) induced the expression of the target gene, re-
sulting in the amplification of the band with proteolytic
MMP-9 activity. The expression of MMP-9 (type IV col-
lagenase) by LPS was markedly inhibited by both RM and
RH at a concentration of 10 lg/mL (Fig. 1A, B), while the
activity of MMP-2 was not affected by LPS or the sample.

MCP-1 is a CC-chemokine consisting of 76 amino acids,
which has been recently suggested to play a key role in
atherogenesis and tissue injury, since it is involved in the
recruitment of monocytes into the arterial wall.27,28 As
shown in Figure 1C and D, treatment of RAW 264.7 cells
with LPS (100 ng/mL) induced the expression of MCP-1
protein. This expression was markedly inhibited by RM and
RH. RM and RH significantly decreased the levels of ex-
pressed MCP-1 protein at concentrations of 2.5, 5, and
10 lg/mL, compared to LPS treatment.

Effect of RM and RH on TNF-a–induced
MMP-9 expression and migration of VSMCs

MMP-9 synthesis can be stimulated by a variety of
stimuli, including cytokines, during various pathological
processes, such as atherosclerosis, inflammation, tumor in-
vasion, and rheumatoid arthritis, while MMP-2 is usually
expressed constitutively.29,30

We investigated the inhibitory effect of RM and RH from
rosemary on TNF-a–induced MMP-9 secretion in VSMCs.
At RM and RH concentrations of 1, 2.5, 5, and 10 lg/mL,
MMP-9 secretion decreased in a dose-dependent manner
(Fig. 2A, B). On the other hand, MMP-2 was strongly se-
creted without induction by TNF-a in cultured VSMCs.
Activity of MMP-2 was not affected by RM or RH. Also,
MMP-9 protein expression was decreased by treatment with
RM and RH, as shown by Western blotting. Since the
upregulation of MMP-9 expression contributes to VSMC
migration in vivo and in vitro,31,32 we examined whether
TNF-a–induced VSMC migration was decreased by RM
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FIG. 1. Effect of RM and RH on
LPS-induced MMP-9 secretion and
MCP-1 expression in RAW 264.7
cells. Cells were pretreated with vari-
ous concentrations of RM or RH for 1 h
and induced by LPS (100 ng/mL) for
an additional 23 h. The supernatants of
cell culture were used for gelatin zy-
mography (A, B). Total cell lysates
were examined for MCP-1 protein ex-
pression (C, D) by Western blot. b-
actin was used as an internal control.
Data represent the mean – SEM of
three independent experiments (n = 3).
*P < .05, **P < .01, ***P < .001 when
compared with the groups treated with
LPS (100 ng/mL) alone. CA, carnosic
acid; LPS, lipopolysaccharide; MCP,
monocyte chemotactic protein; MMP,
matrix metalloproteinase; RH, n-hexane
fraction; RM, methanol extract; SEM,
standard error of the mean.

FIG. 2. Effect of RM and RH on
TNF-a-induced cell migration by in-
hibiting the MMP-9 activity in VSMC.
Cells were treated with the indicated
concentrations of RM and RH with the
TNF-a (100 ng/mL) for 24 h. The su-
pernatant of VSMC culture was pre-
pared and used for gelatin zymography
(black background). The pellets were
used for Western blot (white back-
ground). b-actin was used as an inter-
nal control (A, B). A Matrigel
migration assay was carried out with
RM and RH with the TNF-a (100 ng/
mL). After 12 h incubation, cells on the
bottom side of the filter were fixed,
stained, and counted (400 ·) (C). Data
represent the mean – SEM of three
independent experiments (n = 3).
*P < .05, **P < .01 when compared
with the groups treated with LPS
(100 ng/mL) alone. TNF, tumor ne-
crosis factor; VSMC, vascular smooth
muscle cell.
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and RH, which previously shown to inhibit TNF-a–induced
MMP-9 expression. As shown in Figure 2C, VSMC mi-
gration was increased by treatment with TNF-a compared
with the migration of TNF-a–untreated control cells in
a Matrigel migration assay. RM and RH inhibited the
migration of TNF-a–induced VSMCs to levels comparable
to TNF-a–untreated control cells at a concentration of 10 lg/
mL. Cell viability was not affected by TNF-a or sample
(data not shown).

These results indicate that RM and RH suppress TNF-a–
induced VSMC migration by inhibiting MMP-9 secretion,
and further indicate the antiatherosclerotic potential of RM
and RH. Accordingly, we next investigated the MMP-9 and
MCP-1 activity of CA and CAR from rosemary leaves.

Effect of CA and CAR on MMP-9 secretion,
MCP-1 expression, and cell migration

CA and CAR (both at 10 lM) did not reduce cell viability
appreciably ( < 10%) when compared to nontreated control
(data not shown). LPS-induced MMP-9 secretion in RAW
264.7 cells was markedly reduced by 10 lM CA, but not by
the same concentration of CAR (Fig. 3A, B). Also, as shown
in Figure 3C and D, CA and CAR significantly decreased the
levels of MCP-1 protein in LPS-stimulated RAW 264.7 cells
in a concentration-dependent manner. CA and CAR at
concentrations of 1–10 lM had no effect on VSMC viability
(data not shown).

Inhibition of MMP-9 expression and activity by 1–10 lM
CA and CAR was tested. The TNF-a–induced MMP-9 ex-
pression levels were decreased by both CA and CAR in
dose-dependent manners (Fig. 4A, B).

Also, as shown in Figure 4C, VSMC migration was in-
creased by TNF-a compared with TNF-a–untreated control

cells. CA and CAR at 10 lM inhibited the migration of
TNF-a–induced VSMCs, reaching the levels of TNF-a–
untreated control cells.

These results show that CA and CAR treatments can lead
to a decrease in the migration potential of VSMC in vitro,
and suggest that TNF-a–induced migration of VSMCs can
be decreased by CA and CAR, which both selectively inhibit
TNF-a–induced MMP-9 expression. It has been reported
that activation of MMP may contribute to the migration
of VSMCs.10 Thus, the increased expression of MMP in
VSMCs is closely related to the human atherosclerotic
lesions.

In conclusion, these results indicate that CA and CAR
have potential as antiatherosclerosis agents.

Contents of CA and CAR

CA and CAR, which are the major phenolic constituents
in rosemary (R. officinalis), have a typical O-diphenol
structure.22,23 As shown in Table 1, the CA contents in RM
and RH were higher compared with CAR. The content of
CA in RH (18.4%, 184.00 lg/mg dry wt.) was almost two
times higher than those in RM (9.4%, 93.85 lg/mg dry wt.),
whereas the contents of CAR in RM (3.7%, 37.30 lg/mg dry
wt.) and RH (2.5%, 25.05 lg/mg dry wt.) were similar.

These results indicate that the major active compounds of
rosemary for antiatherosclerosis efficacy are the phenolic
diterpenes CA and CAR.

DISCUSSION

Despite improved pharmacological agents and changes in
lifestyle, atherosclerosis is still a leading cause of mortality
and morbidity in industrialized countries33. It is a chronic
immune-inflammatory disease that leads to advanced

FIG. 3. Effect of CA and CAR on
LPS-induced MMP-9 secretion and
MCP-1 expression in RAW 264.7
cells. Cells were pretreated with vari-
ous concentrations of RM or RH for 1 h
and induced by LPS (100 ng/mL) for
an additional 23 h. The supernatants of
cell culture were used for gelatin zy-
mography (A, B). Total cell lysates
were examined for MCP-1 protein ex-
pression (C, D) by Western blot. b-
actin was used as an internal control.
Data represent the mean – SEM of
three independent experiments (n = 3).
**P < .01 when compared with the
groups treated with LPS (100 ng/mL)
alone. CAR, carnosol.
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cardiovascular diseases.1,2 Thus, inflammation plays a crit-
ical role in atherosclerosis.

R. officinalis L. (family Lamiaceae), commonly called
rosemary, is a culinary as well as medicinal herb with bio-
logical activities.23 It is native to the Mediterranean region
and is now widely distributed in European countries.15 It has

an ancient reputation for improving memory, and has been
used as a symbol for remembrance in Europe.12 Rosemary
extracts have been incorporated into drugs and cosmetics,
and are used to enhance the flavor and fragrance of foods.15

Also, it is extremely high in iron, calcium, and vitamin B6.12

Notably, rosemary possesses a potential anti-inflammatory
activity.15,16

In the present study, we investigated the antiathero-
sclerotic effect of rosmary and its active components. RM
and RH from rosemary showed significant inhibition of
LPS-induced expression of MMP-9 and MCP-1 expression
in RAW 264.7 cells (Fig. 1A–D).

MMP-9 is controlled by the inflammatory cytokine nitric
oxide.34 Decreasing nitric oxide may be effective for treat-
ing inflammation due to decreased MMP-9 activation. Also,
the present results demonstrated the inhibition of TNF-a–
induced MMP-9 expression and VSMC migration. The
migration of VSMCs from the tunica media to the sub-
endothelial region is a key event in the development and

FIG. 4. Effect of CA and CAR on
TNF-a-induced cell migration by in-
hibiting the MMP-9 activity in VSMC.
Cells were treated with the indicated
concentrations of RM and RH with the
TNF-a (100 ng/mL) for 24 h. The su-
pernatant of VSMC culture was pre-
pared and used for gelatin zymography
(black background). The pellets were
used for Western blot (white back-
ground). b-actin was used as an inter-
nal control (A, B). A Matrigel
migration assay was carried out with
RM and RH with the TNF-a (100 ng/
mL). After 12 h incubation, cells on the
bottom side of the filter were fixed,
stained, and counted (400 ·) (C). Data
represent the mean – SEM of three in-
dependent experiments (n = 3).
*P < .05, **P < .01 when compared
with the groups treated with LPS
(100 ng/mL) alone.

Table 1. Carnosic Acid and Carnosol Contents

in Methanol Extract and n-Hexane

RT (min) Contents (lg/mg)

Carnosic acid 16.052 —
RM 16.060 93.85
RH 15.979 184.00

Carnosol 14.142 —
RM 14.236 37.30
RH 14.149 25.05

RM, methanol extract; RH, n-hexane fraction; RT, retention time.
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progression of atherosclerosis.8 Activity of MMP species,
including MMP-2 and MMP-9, may contribute to the
pathogenesis of atherosclerosis by facilitating the migration
of VSMCs.9 These results reveal aspects of the mechanism
of the antiatherosclerosis effect of rosemary. To determine
the active compounds of RM and RH, the inhibitory effects
on MMP-9 of camphene, camphor, bonyl acetate, the main
compounds in essential oil and rosmarinic acid, CA, and
CAR were tested. Only CA and CAR were effective (data
not shown).

CA is quite unstable and, usually, is converted to CAR
upon heating. CAR can be degraded further to produce other
compounds, such as rosmanol, epirosmanol, and metox-
yeporosmanol, which still possess antioxidative activity.19

CA is *10 · as effective as CAR.35 CA and CAR are the
principal compounds responsible for the anti-inflammatory
effects of fresh rosemary leaves.36 The LPS-induced MMP-
9 levels were dramatically reduced with CA at a concen-
tration of 10 lM, but not by CAR.

CA and CAR significantly decreased MCP-1 protein in
LPS-stimulated RAW 264.7 cells in a concentration-
dependent manner. TNF-a–induced MMP-9 levels in en-
zyme activity and protein were decreased with CA and CAR
in a dose-dependent manner in VSMCs. CA and CAR at
10 lM inhibited the migration of TNF-a–induced VSMCs to
levels comparable to TNF-a–untreated control cells. Thus,
the analytical HPLC of RM and RH containing CA and
CAR were measured. The CA contents in RM and RH were
higher compared with CAR. The content of CA in RH
(18.4%) was almost 2 · higher than those in RM (9.4%),
whereas the contents of CAR in RM (3.7%) and RH (2.5%)
were similar. CA is a phenolic diterpene compound found in
sage (2–5 mg CA/g sage) and rosemary (12–15 mg CA/g
rosemary).22,23 The major active compounds of rosemary for
control of cell migration can be considered as the phenolic
diterpenes CA and CAR.

The contents of the active compounds, RM and RH,
differed when we checked the similar effect from RM and
RH at identical concentrations, despite fractionation. The
findings indicate RM has other active compounds besides
CA and CAR. The same may be true of RH. To assess these
speculations, separation and purification of the active
compound of RH is in progress in our laboratory.

These findings suggest that supression of cell migration was
related to the decrease of MMP-9 and MCP-1 levels by rose-
mary. The major active compounds of rosemary for the effect
can be considered as the phenolic diterpenes CA and CAR.

Further studies are necessary to detect other potential
mechanisms. It is acticipated that rosemary has the potential
to be developed as an antiatherosclerosis medicine or
functional food.
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