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Low-Density Lipoprotein, Collagen, and Thrombin Models
Reveal that Rosemarinus officinalis L. Exhibits Potent
Antiglycative Effects
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Using the low-density lipoprotein (LDL), collagen, and thrombin models, we report here that the
rosemary extracts (REs), either the aqueous (RE,) or the acetonic (REa), all possessed many
antiglycation-related features, and the effective concentrations required were as follows: 0.1 mg/mL
for suppressing the relative electrophoretic mobility, 1.3 ug/mL for anticonjugated diene induction,
0.5 mg/mL for inhibition of thiobarbituric acid reactive substances production, 0.1 mg/mL for AGEs
(advanced glycation end products) formation, 0.1 mg/mL to block glucose incorporation, and 0.05
mg/mL as an effective anti-antithrombin Ill. Using high-performance liquid chromatography/mass
spectrometry, we identified five major constituents among eight major peaks, including rosmarinic
acid, carnosol, 12-methoxycarnosic acid, carnosic acid, and methyl carnosate. In the LDL model,
REA was proven to be more efficient than RE,; yet, the reverse is true for the collagen and the
thrombin 11l models, the reason of which was ascribed to the higher lipid-soluble antioxidant content
(such as rosmarinic acid, carnosol, carnosic acid, 12-methoxycarnosic acid and methyl carnosate) in
REA than in RE,, and the different surface lipid characteristics between LDL and collagen; although
to act as anti-AGEs, both extracts were comparable. To assist the evidence, a larger 2,2-diphenyl-
1-picrylhydrazyl radical scavenging capability with less total polyphenolic content was found in REa.
We conclude that rosemary is an excellent multifunctional therapeutic herb; by looking at its potential
potent antiglycative bioactivity, it may become a good adjuvant medicine for the prevention and
treatment of diabetic, cardiovascular, and other neurodegenerative diseases.
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INTRODUCTION atrophy of vascular basal membrand$, (i) the glycation of
antithrombin Il and plasminogen resulting in thrombosis (5),

0 o -
To date, 6% of the global population is affiliated with diabetes and (iii) the oxidative glycative modification of the low-density

mellitus (DM). A five-fold increase could even be expected i . i S 4
within the coming decadel}. DM has climbed to the top four ipoprotein (LDL) acting as the intiative factor of atherosclerosis
in mortality since 2004, with a mortality rate of 39.26 per ®).
100000, most of which are closely related with cardiovascular ~ As frequently cited, the unsaturated fatty acids contained in
diseases (2). As is well-known, hyperglycemia is a pertinent LDL are extremely susceptible to oxidative stress, and the
initiating factor for atherosclerosis, vascular basal membrane peroxidation of fatty acids may trigger the formation of foam
atrophy, and the elevation of blood pressure, resulting in a cells (7), fatty steaks, facilitating the deposition of calcium fibrin
reduction of blood circulation and eventually severe damage to complexes inside the blood vessels and resulting in arthero-
the cardiovascular system pathogenetically. Glycation has sclerosis. Alternatively, the hardened fibrin caps are apt to
often been considered to be associated with vascular damagetupture, causing bleeding, forming thrombosis and artheroscle-
its relevant factors are as follows: (i) the polymerization of rosis, or finally sudden death. Currently, extensive research has
collagen inhibiting the proteolytic attacking enzyme and the extended its interests in the preventive protocols against aging
and DM and their complications and has come to the conclusion
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Figure 1. Major compositions usually found in R. officinalis L.

aminoguanidine (AG) and aspirin, although effective against Sample Preparation.Fresh sample leaves B officinalis L. were

in vivo glycative reactions, are worth great concern because of immediately debranched when harvested and brought back to the
their side effects. Consequently, natural herbs and animal originslaboratory from the local Taichung Transforming Farm.

are promising sources for supplying new antiglycatives, and Preparation of the Pulerized Rosemary Leas Leaves ofR.
fortunately, some have been well-developed according)y ( officinalis L. were pulverized using a centrifugal pulverizer (Ultra
Extracts of rosemary and tea are promising exampe ). Centrafugal Mill Retsch, Germary) and screened through a #20 mesh;
Concomitantly, Hipkiss et al1(l) indicated the inhibitory effect the powder obtained was stored for further treatment,

L - . . REs.Aqueous Extract of Rosemary (REA pulverized leaf sample
of the pepidic camosine on protein glycation. From the herbs of R. officinalisL. (20 g) was sequentially extracted thrice with boiling

of South Amerlca,. an active an.tlglycatlve constituent, achyro- water (each 200 mL) for 30 min. The extracts were filtered through
furan, has been isolated). Literature elsewhere has also \whatman #2 filter paper. The filtrates were combined, lyophilized, and
documented that vitamin C ar@ttocopherol are very potent  pulverized. The % yield (w/w, on dry basis) of the aqueous extracts
antioxidants; they are as effective as an antiglycative, they arewas 9.05.
powerful advanced glycation end product (AGE) inhibitory Acetonic Extract of Rosemary (RE Leaves ofR. officinalis L.,
agents (13), much more prominently effective than AG in vitro after they were rinsed with distilled water, were lyophilized to remove
(14). Technically, rosemary extract (RE) has been widely used all water contents. An accurately weighed lyophilized leaf sample (150
as an antioxidant in food industries. The main constituents are 9) Was soaked in a 10-fold volume (1500 mL) of acetone for 1 h,
carnosol and carnosic acid (1Fjigure 1). macgrated, coIIectgd into a serum bottle, qnd finally uItrasqnlcated for
In addition, glycation is well-associated with oxidative stress 10 min. The extraction was repeated three times. The combined extracts
; S o were filtered, and the filtrate was concentrated under reduced pressure
(16, 17). In view of the exc_ellent antioxidant capability of with a vacuum evaporator to almost dryness to remove the acetone,
.rosemary and_ the §pecu|gtlon that rosemary may play aNthen lyophilized, and pulverized to obtain RH he product was stored
important role in antiglycative therapy, we performed several at—go°C for use. The % yield (w/w, on dry basis) of Ras 13.77.
experiments to investigate its suppressing capabilitites on the | p preparation. Plasma used for LDL isolation was collected
formations of conjugated diene (CD), thiobarbituric acid reactive from normal, healthy, fasting volunteers. The patients were venipunc-
substances (TBARs), and AGEs and its antithrombotic activity tured and bled, and the blood was collected in tubes previously
using LDL, collagen, and thrombin models. Our aim was to containing 1 mg/mL of EDTA in each tube. LDId = 1.019—1.063
discover the potent protective effects and therapeutic uses ofg/mL) was isolated by sequential ultracentrifugation using a Hitachi
herba' rosemary |n reducn‘]g the nsks of Cardiovascu'ar and Ultracentl’lfuge (H|mac CS 150GXL, HltaChI) aCCOrd|ng to the method

neurodegenerative diseases, which might be complicated by pmPreviously described by Yamanaka et dB(with slight modification.
and aging processes The LDL solution flushed with Nwas stored at 4C and used within

1 week after preparation. The protein content was measured using a
Bio-Rad kit against a BSA standard. To carry out glycation and
MATERIALS AND METHODS oxidation experiments, LDL was previously dialyzed three times against
Materials and Chemicals.Rosemarinus officinalis. was purchased 1 L (1000-fold volume) of phosphate-buffered saline (PBS, containing
from the local Taichung Transform Farm and identified by The 0.01 M phosphate buffer and 0.15 M NaCl, pH 7.4) in the darkaE 4
Research Institute of Medical Herbs (Taichung, Taiwan). Glucose (G), for 24 h.
glyoxal (GO), methylglyoxal (MGO), AG, bovine serum albumin Relative Electrophoresis Mobility (REM). REM was measured
(BSA), sodium azide, butylated hydroxytoluene (BHT), phosphotungstic according to Miura 19). LDL (0.3 mg protein/mL) was diluted with
acid, thiobarbituric acid (TBA), sodium dodeyl sulfate (SDS), disodium 10 mM PBS and incubated with €u(10 «M) plus G (400 mM), GO
ethylenediamine tetraacetate (EDTA) dehydrate, potassium bromide, (2.5 mM), or MGO (2.5 mM) at 37C for 24 h in the presence and the
and sodium carbonate were purchased from Sigma Chemical Co. (St.absence of REs (0.1 mg/mL). Electrophoresis of LDL was performed
Louis, MO). Ethanoln-butanol, and methanol were obtained from E. on Paragon Lipo Gel buffered at pH 8.6 with Paragon Lipo buffer.
Merck (Darmstadt, Germany). All reagents used were of analytical The former was previously stained with Sudan B black. Results were
grade. Paragon Lipo Gel was obtained from Beckmann (California). expressed in REM against the native LDL (REM was arbitrarily
A Bio-Rad kit and SAR-PRO-ARG-pNA were obtained from Bio-Rad ~ assigned as 1.0).
(California). Authentic carnosic acid, 12-methoxycarnosic acid, car- CD. LDL (0.1 mg protein/mL) was diluted in 10 mM PBS and
nosol, rosemarinic acid, and gallic acid were also products of Sigma incubated with C&r (2.4xM) and G (30 mM) at 37C in the presence
Chemical Co. and the absence of 1i@/mL RE, and RE, respectively. The amount
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of CD formed was measured by determining the increased absorbancerapje 1. Programmed Gradient Elution Performed in HPLC Analysis
at 234 nm at 5 min intervals for a course span of 600 min using a

Hitachi U-3000 spectrophotometer. Results were expressed in relative time eluent A eluent B
absorbance at 234 nm. The duration of the lag phase was determined 0.00 50 95.0
from the extrapolation of the propagation phase. 5.00 50 95.0
TBARS. LDL (0.3 mg protein/mL) was diluted with 10 mM PBS 35.00 60.0

and incubated with Cd (50 uM) and G (400 mM) at 37C in the 40.0

presence (0.5 mg/mL) and the absence of,REd RE for 1, 3, 5, 55.00 95.0 5.0
and 20 h, respectively. AG (4 mM) was used as the positive control. 60.00 95.0 5.0
The TBARS were measured according to Yafl)( An aliquot of LDL 65.00 5.0 95.0

solution (100uL, 100 ug protein/mL) was mixed with 5QL of BHT
(4% wlv), 0.5 mL of SDS (0.3% w/v), 2.0 mL of HCI (0.1 N) solution,
0.3 mL of PTA (10% wi/v), and 1.0 mL of aqueous solution of TBA  established using gallic acid as the reference standard. The total
(0.8% w/v). The mixture was incubated in a water bath at A@Gor polyphenolic content was expressed as mg gallic acid equivalents (GAE)
45 min while loosely capped. After the mixture was cooled in an ice per gram of extract (GAE/Q).
bath, 3.0 mL ofn-butanol was added to each tube, and the mixtures Free Radical Scavenging Activity on 2,2-Diphenyl-1-picrylhy-
were vigorously shaken for 30 s and centrifuged at 3000 rpm for 10 drazyl (DPPH). The scavenging capability against DPPH radicals was
min; the absorbance of the organic layers was read at 532 nm using ameasured according to the method described by Hatano e23l. (
Hitachi U-2000 spectrophotometer. Briefly, 0.3 mL of extract (either dissolved in methanol or distilled
AGEs. LDL (0.3 mg protein/mL) or collagen (2 mg/mL) was diluted  water) was added to Tris-HCI buffer (pH 7.9; 0.1 mL of 1 M) and
with 10 mM PBS and incubated with G (800 mM; 1 M for collagen),  DPPH methanolic solution (0.6 mL; 100 mM in methanol). The mixture
GO (2.5 mM), or MGO (2.5 mM) at 37C in the presence (0.1 mg/  was mixed thoroughly for 20 min at room temperature. During the
mL) and the absence of REand RE, respectively, for 9 days (for  whole course of the experiment, the reaction mixture was kept away
collagen, 15 days). AGE formation was measured by determining the from light exposure. Finally, the absorbance was read at 517 nm against
fluorescence (excitation at 355 nm and emission at 460 nm; for collagen, the blank (using either deionized water or methanol). The percent

excitation at 370 nm and emission at 440 ni21)(using a Hitachi  scavenging capability (PSC) for DPPH was calculated according to eq
Fluo-Polar star. Data were presented as meaissandard deviations 2:
(SDs). The percent inhibition for AGEs formation (PIAF) in LDL was

calculated according to the following equation: PSC= [(A, — A)/A] x 100% )

PIAF=[(1 — FJ/FJ] x 100 1) .

where A, is the absorbance for the blank at 517 nm aRds the
absorbance for the sample at 517 nm. Thg E@ncentration required
for 50% scavenge was calculated thereof from eq 2.

Liquid Chromatography/Mass Spectrometry (LC/MS) Analysis.
The high-performance liquid chromatography (HPLC) analyses were
carried out using a Finnigan Surveyor Modular HPLC system (Thermo
Electron Co., United States). In chromatographic separations, an
analytical column Luna &g C18(2) 150 mmx 2.0 mm and a guard

whereF; is the intensity of fluorescence of the sample with excitation
at 355 nm and emission at 460 nm (for collagen, excitation at 370 nm
and emission at 440 nm) arfd is the intensity of fluorescence of the
control with excitation at 355 nm and emission at 460 nm (for collagen,
excitation at 370 nm and emission at 440 nm).

Glycation of Collagen.The early glycation reaction of collagen was
assessed by the modified phensllfuric acid method22). Collagen ) -
(5 mg/mL) was used as the collagen blank or added with G (1 M) and €0lumn were used. A Security Guard C18 (ODS) 4 mr8.0 mm i.d.
incubated at 37C for 24 h. In the other treated groups, 0.1 mg/mL of (Phenomenex, Inc., Torrance, CA) at a flow rate of 0.2 mL/min was
either RE or RE, was added to compare with a positive control AG ~adopted. The mobile phases A and B were run according to the
(4 mM). Immediately after the incubation period, the tendons were Programmed protocol listed iable 1.
thoroughly washed in PBS to remove unbound materials and dialyzed ~ Briefly, from 0 to 5 min, the elution was run with 95% of B; from
against 0.2 M phosphate buffer (pH 7.4) for 24 h. To 1 mL of deionized 5 to 35 min, 95-40% of B was used; from 35 to 55 min, eluted with
water containing about 5.0 mg of collagen, 3.0 mL of concentrated 40 to 5% of B in a linear gradient manner; within-560 min, 5% of
sulfuric acid was added and vortexed. The solution was then cooled in B was adopted, while from 60 to 65 min, isocratic 95% B was used.
an ice bath, then added to 0.05 mL of phenol (80%), and incubated at The photodiode array detector was operated at wavelengths between
37 °C for 30 min. The absorbance was taken at 485 nm against a G 220 and 400 nm. This system was coupled to a Finnigan LCQ

standard using an LKB Pharmacia spectrophotometer (England). ~ Advantage MAX ion trap mass spectrometer, which was operated in
Determination of Antithrombin Il Activity. The antithrombin 11 an electrospray ionization (ESI) mode. An aliquot of sample extracts
activity was measured by following the chromogenic metHa®g). (20 uL) was directly introduced into the column through the Rheodyne

SAR-PRO-ARG-pNA was used as a specific thrombin substrate, and (model 7725i) injection valve. ESI source and negative ionization mode
the reciprocal of the residual thrombin activity was taken. Briefly, the were used with different fragment voltages. Nitrogen was used as the
collected whole blood was centrifuged at 3000 rpm for 10 min, and nhebulizing and drying gas. The typical operating parameters adopted
the supernatant plasma was decanted and diluted with four-fold diluentwere as follows: the spary needle voltage, 5 kV; the ion transfer
PBS (10 mM, pH 7.4). On addition of G (80 mM) and 0.05 mL of RE, ~capillary temperature, 300C; the nitogen sheath gas, 40; and the

the mixture was incubated at 3T for 48 h. An aliquot of 8QuL of auxiliary gas, 5 (arbitrary units). The ion trap containing helium
the reacted plasma was added with /0 of thrombin solution (30 damping gas was introduced in accordance with the manufacturer's
NIH U/mL) and 6L of heparin (1 UkL) and incubated at 37C for recommendations. The mass spectra were acquried n/arange of

20 min. Thereafter, 20t of SAR-PRO-ARG-pNA (3.1 mM) was 100—1000 with five microscans and a maximum ion injection time of
added and left to stand at ambient temperature for 2 min. Finally, the 200 ms. The selected ion monitoring analysis was a narrow scan event
absorbance was read at 385 nm against the control. AG (1 mM) was that monitored then/zvalue of the selected ion within a range of 1.0
used as the positive control. Th centered on the peak for the molecular ions. This relevant function
Determination of Polyphenolic Contents.The total polyphenolic was used for the analyses of the flavonoid or diterpenoid molecular
contents in REs were determined by means of the Folin—Ciocalteau ions by MS/MS in negative ELS modes. The MS/MS fragment spectra
colorimetric method (24). The sample of extract (each 0.2 mL) was Were produced using normalized collision energies with an increment
mixed with 0.8 mL of Folin-Ciocalteau reagent (Kanto Chemicals, 0f 5% within 10—30% and also with wideband activtion “off".
Tokyo, Japan) and 0.5 mL of MaOs; (10%), the mixture was allowed Statistical Analysis. Statistical analyses (analyses of variance) were
to stand for 1 h aambient temperature to facilitate the reaction, and performed according to SAS User’s Guidsj. All analyses were run
the absorbance was measured at 760 nm. A calibration curve wasin triplicate and averaged. Results were calculated and expressed as
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Figure 2. Shifts of eletrophoretic patterns of human LDL incubated with e LbL

Cu?* plus different initiators in the presence and the absence of R. 1 TS Comtror B
officinalis L. extracts. LDL (0.3 mg protein/mL) was induced with Cu?* —w— RE,

(10 uM) and G (400 mM), GO (2.5 mM), or MGO (2.5 mM) at 37 °C in v REw

the presence and the absence of aqueous extract (REy) and acetone

extract (RE,) of R. officinalis L. at 0.1 mg/mL, respectively, for 24 h.
Lane 1, naive LDL; lane 2, LDL plus Cu?* and G; lane 3, LDL plus Cu?*
and GO; lane 4, LDL plus Cu?* and MGO; lane 5, LDL plus Cu?*, G with
REw; lane 6, LDL plus Cu?*, GO with REy; lane 7, LDL plus Cu?*, MGO 0.1 ﬁ
with REy; lane 8, LDL plus Cu?*, G with RE,; lane 9, LDL plus Cu?*, GO

with RE,; and lane 10, LDL plus Cu?*, MGO with REa. 00— T X y

0.4 o

Absorbance at 532 nm

Time (hr)
means+ SD. Significance f < 0.05) of mean differences was “©
determined by Duncan’s multiple range tests.

T C
RESULTS 30 4 -"

REs Can Effectively Suppress CD Formation Induced by
Different Initiators. Taking the naive LDL (without any
modification) as the control (arbitrarily REM= 1; lane 1 in
Figure 2), the REM shifts were compared among three
systems: system 1, €u(10uM) plus G (400 mM); system 2, 107
CU?" (10uM) plus GO (2.5 mM); and system 3, €u(10 uM)
plus MGO (2.5 mM). The REMs obtained were found to be .
10.4, 10.8, and 11.0 for systems 1, 2, and 3, respectively (lanes AG RE, RE,

2—4in Figure 2). On addition of REs (0.1 mg/mL), the REMS  figyre 3. Effect of R. officinalis L. extracts on LDL glycation induced by
in the above three systems were shifted to 4.4, 4.8, and 5.2G_ conjugated diene production profile (A): LDL (0.1 mg protein/mL) was
(lanes 5—7 inFigure 2) by REy and 2.8, 3.2, and 5.2 (lanes  jncypated with Cu?* (2.4 M) and G (30 mM) at 37 °C in the presence
8-10 in Figure 2) by RE, respectively. Apparently, better  ang the absence of the aqueous extract (RE,) or the acetone extract
results were favored by REin cases of G and GO (lanes 8 (g, of R. officinalis L. at 1.3 ug/mL, respectively. The amount of
and 9), whereas in the case with MGO, results were only conjugated dienes was measured at 234 nm at 5 min intervals for a total
comparable between RElane 7) and Rk (lane 10) (Figure period of 600 min. TBARS formation profile (B): LDL (0.3 mg protein/
2). mL) was incubated with Cu?* (50 «M) and G (400 mM) at 37 °C for 1,
REs Can Effectively Inhibit LDL Glycation Induced by 3,5, and 20 h, respectively, in the presence and absence of R. officinalis
G. In the presence of CU (2.4uM) and G (30 mM), the lag | extracts RE,, or RE, at 0.5 mg/mL or AG (4 mM), respectively. Amount
time for CD appearance was seen to be only 45 min in the of AGEs formed (C) as follows: LDL (0.3 mg protein/mL) was induced
control (without REs) as compared to 150 min in the presence yjth G (800 mM) at 37 °C in the absence or presence of R. officinalis L.
of REy (1.3ug/mL) and to 600 min as effectively relapsed by  extracts RE, or RE4 at 0.1 mg/mL or AG (1 mM), respectively, for 9
REa (1.3 ug/mL) (Figure 3A). days. The AGEs formation was measured by determining the fluorescence
As well-known, the oxidatively cleaved product malondial- with excitation at 355 nm and emission at 460 nm. Data are expressed
dehyde species can be measured as TBARs. In our study, theys means + SD from triplicates. Different letters between each bar denote
TBARS attained a maximum concentration at the fifth hour sjgnificant differences (p < 0.05).
postinduction by G without any REs treatmehigure 3B) and
was effectively suppressed by the addition of REs (0.5 mg/mL) almost had reached 30% in the order of effectiveness;, RE
in the order of effectiveness: 74.291.51, 71.22+ 0.95, and (28.33%) = REa (26.92%)> AG (7.14%) (Figure 3C).
68.01+ 0.19% by RE&, RE,, and AG (4 mM), respectively. REs Effectively Inhibited AGEs Formation In Collagen
Thus, the two REs at a concentration of 0.5 mg/mL were shown Induced by Different Initiators. The glycation on collagen
to have effectively suppressed the LDL glycation when com- induced by different initiators was most prominently exhibited
pared with the positive control AG. by MGO with GO next, and the induction period required for
The AGE inhibition assay performed by the fluorescence AGEs formation was relatively long (15 days) (Figure 4) as
determination revealed REs (0.1 mg/mL) to be stronger inhibi- compared to that (9 days) of LDIE{gure 3). As is well-known,
tors than AG (1 mM) in this regard. The inhibitory effect of among all inducers, MGO induces the most prominent AGE
the two REs (0.1 mg/mL) against G-induced AGE formation formation in collagen; hence, the antiglycative capability of REs

e

Inhibition (%)

Ho
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Figure 4. Effect of R. officinalis L. extracts on AGEs formation in collagen
induced by G, GO, or MGO. Collagen (2 mg/mL) was induced with G (1
M), GO (2.5 mM), or MGO (2.5 mM) at 37 °C in the presence and absence
of aqueous extracts of R. officinalis L. extracts RE,, or RE, at 0.1 mg/mL
or AG (4 mM), respectively, for 15 days. AGEs formation was measured
by determining the fluorescence excited at 370 nm with emission at 440
nm. Data are expressed as means + SD from triplicates. Different letters
between each bar denote significant differences (p < 0.05) vs the control
of each group.
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Figure 5. Effect of R. officinalis L. extracts on glycation in collagen induced
by G. Glycation of collagen (A): The glycation of collagen was measured
by the phenol-sulfuric acid method. Lane 1, naive collagen. Positive
controls (lanes 2-5) using collagen (5 mg/mL) were incubated at 37 °C.
Lane 2, with G (1 M) alone; lane 3, with G (1 M) and AG (4 mM); lane
4, with G (1 M) and 0.1 mg/mL REj; lane 5, with G (1 M) and 0.1 mg/mL
RE,, respectively, for 24 h. Data are expressed as means + SD from
triplicates. Different letters between each bar denote significant differences
(p < 0.05).

Hsieh et al.

]

0.6 A

0.5 4

—

0.4 4

0.3 1

Absorbance at 385 nm

0.1+

X1} T T
collagen control AG RE, RE,,

Figure 6. Effect of R. officinalis L. extracts on antithrombin IIl activity
induced by G. Antithrombin IIT activity: Plasma was incubated with G
(80 mM) control at 37 °C in a CO; (5%) incubator in the presence and
the absence of R. officinalis L. aqueous (RE,,) or acetonic (REa) extracts
at 0.05 mg/mL and 1 mM AG, respectively, for 48 h. Data are expressed
as means * SD from triplicates. Different letters between each bar denote
significant differences (p < 0.05).

Table 2. Total Polyphenolics and DPPH Radical Scavenging Capability
of Different R. officinalis L. Extracts

DPPH radical total polyphenolics
extract scavenging capability? (%) (GAE)? (mglg)
REw 57.94 +1.25 155.87 +7.18
REA 80.67 £2.24 63.03 £5.16

2 Free radical scavenging capability of R. officinalis L. aqueous (RE,) or acetone
extracts (REa) at 0.1 mg/mL, respectively, on DPPH radicals. The scavenging
capability (%) was calculated by the equation described in the text.  The amount
of total polyphenols was expressed as GAE. Data are expressed as means + SD
from triplicates.

REa (0.1 mg/mL), and AG (4 mM), values were significantly
reduced to 0.0035, 0.0070, and 0.0055 mg/g collagen, respec-
tively. Interestingly, in this respect, REprevailed much more
than those of RE and AG, exhibiting a more effective
antiglycative efficiency (Figure 5).

REs Are Able To Moderately Reduce the Anti-Thrombin
[l Activity. A study on the antithrombin Il activity showed
that RE, was more efficient than both the REnd the positive
control AG. As evidenced in the G (80 mM)-induced system at
37°C, the inhibitory effect exerted by REand RE, (0.05 mg/
mL) reached 34 and 51%, respectively, which was a compara-
tively rather large difference of 17%. As a prominent contrast,
AG at 1 mM was not as effective as expect&ig(re 6).

RE, Has More Polyphenolic Content, while RE Is a

was most apparently conceivable in the presence of MGO, Better Radical Scavenger.Astonishingly, although the total
whereby REs at 0.1 mg/mL were evidenced to have effectively phenolics were more abundant in REL55.87 GAE/g) than
suppressed the glycation of collagens initiated by G (1 mM), REa (63.03GAE/g), in regard to the free radical scavenging
GO (2.5 mM), and MGO (2.5 mM), respectively. The order of capability for DPPH radicals, the extracts R&nd RE at 0.1

suppressive capability in the case by G was AREs = REy;

however, for Rk and REy with GO and MGO (Figure 4),

mg/mL reached 57.4 and 80.67%, respectively (Table 2).
LC/MS Reveals Some Major Bioactive Components_C/

results were rather comparable. They seemed somehow differenMS analyses revealed the summed-up area of the eight main
in capabilities between G and GO, yet statistically insignificant peaks to have a total of 50.64%, among which the five major

(Figure 4).

G Uptake into Collagen Can Be Inhibited by RE;. The

constituents, rosmarinic acid, carnosol, 12-methoxycarnosic acid,
carnosic acid, and methyl carnosate, as identified by us, occupied

normal G incorporation into collagen was estimated to be 0.032 a subtotal of 20.82%Higure 7 andTable 3). Alternatively, in
mg/g collagen after 1 day of incubation of collagen (5 mg/mL) Figure 7, we found that there were still three other major peaks

with G (1 M) (control bar inFigure 5). Such a mobilization
can be inhibited by antiglycative agents. On treatment with,RE

(Un1-Un3) that remain to us a huge space for further
investigation.
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Figure 7. Characteristic HPLC chromatogram of the acetonic extract from R. officinalis leaves. Peaks: 1, rosmarinic acid; 2, carnosol; 3, 12-methoxycarnosic
acid; 4, carnosic acid; and 5, methyl carmosate. Other unknown constituents Unl to Un3 are indicated. The molecular mass of peak 5 has been
identified; yet, its structure still remains unclear.

Table 3. Characteristic Parameters for LC/MS Analysis of the Compounds in the Extracts of R. officinalis L.

retention UV Amax M=H]~ LC/ESI-MS22
peak no. time (min) assigned identity (nm) miz miz
1 2711 Rosmarinic acid 237,328 359.1
Unl 36.65 unknown 1 237,274, 330 345.3
Un2 43.64 unknown 2 238, 275, 326 3451
2 4591 carnosol 248, 270 329.2 329.1,301.3
3 46.82 12-methoxycarnosic acid 242, 266 361.2
4 50.36 carnosic acid 281, 329 3311 331.1,287.2
5 53.30 methyl carnosate 281, 327 345.1

aMS? run with 30% collision energy; Un, unknown constituent.

DISCUSSION contributing to the early stage of CD formation, whereas MGO
Glycation has been cited to be relevantly associated with Ma induce glycation only at a stage slightly later than G and

oxidative stress (161.7). When oxidized, the surface of LDL GO (Figure 2). .

becomes more negatively charged and more intense with the At least 12 diterpene phenols have been isolated from
extent of oxidation 27—29). The farther REM can mean more "osemary 82). Several of them, such as carnosol, carnosic acid,
oxidized specimens (lanes-2 in Figure 2). In this regard, rosmanol, rosmaridiphenol, rosmadial, and miltirone, all possess
the acetonic extract RElanes 8 and 9 ifFigure 2) showed a antioxidant activities and are known as major antioxidants in
more efficient suppressing effect than the aqueous extragt RE rosemary (1533).

(lanes 5 and 6 irFigure 2) for both G and GO initiators; Because LC/MS analyses reveled the summed-up area of the
however, this was seemingly not the case with MGO (lane 10 eight main peaksHigure 7) occupying a total of 50.64%, in

vs lane 7 inFigure 2), implicating that MGO acted through a  Which the combined area contributed by rosmarinic acid,
mechanism somehow different from the other two initiators. carnosol, 12-methoxycarnosic acid, carnosic acid, and methyl-
On glycation of LDL, conjugated dienes always appear first, carnosate was 20.82%, whether the antiglycative and antioxi-
then come up with the TBARS, and finally the AGEXL( 30, dative capabilities of REs can be attributed to these compounds,
31) (Figure 3). The formation of AGEs is usually known to be we carried out the CD inhibitory activities using the actual
an evitable process involved in LDL glycation induced by contents of carnosic acid and rosmarinic acid already found in
hyperglycemia.Figure 3 revealed the more potent acetonic this experiment, and we were excited to recognize that the lag
extract RE in anti-CD formation than the aqueous extractyRE ~ times of carnosic acid and rosmarinic acid all surpassed 600
the time lag relapsed approximately four-fold (600 min) as min (data not shown), which was comparable to the corre-

compared to that (150 min) of the aqueous extramfre 3A); sponding data revealed by the acetonic extragt figure 3A).
however, both extracts were comparable in anti-TBARs forma- As cited, carnosic acid can be readily oxidied to form carnosol,
tion (Figure 3B). Such a better outcome of REhan RE, implicitly indicating the major contribution of carnosol, carnosic
obviously was not due to the polyphenoilc contehalgle 2) acid, and rosmarinic acid in the role of antiglycation.

but could possibly be ascribed to the higher content of some The aging process has been found to be largely associated
key lipophilic antioxidants (such as carnosic acid, rosmarinic with nonenzymatic glycation as well as the AGEs formation
acid, 12-methoxycarnosic acid, rosmarinic acid, and carnosol, (34). Hence, currently, AGEs have been considered as markers
etc.; Table 3) in the fraction of Rk, which could readily of glycation and oxidative stress caused by glycation, but its
penetrate the LDL lipid moiety at the very initial phase. link is extended to aging processes, such as atherosclerosis,
Accordingly, both the initiators G and GO are speculated to be diabetes, neurodegenerations, and other nephropaB%ie3q).
actively and instantaneously effective in the initial phase Our study indicated that the REs, despiteaRE RE,, were all
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very effective against AGEs formatiofigures 3Cand4), an
implication of a potential protective capability against cardio-
vascular endothelial damage caused by hyperglycemia. Patho-
logically, hyperglycemia and aging may induce more extensive
oxidative stresses, hence with greater probabilities to produce
more severe damage involving the intra- and intermolecular
cross-linking between many biomolecules between the proteins,
enzymes, and DNAJ7), prominently occurring in atheroscle-
rosis (6) and late stage blindness caused by DM or senile
cataracts (38). In this respect, G uptake can also be a major
role to accelerate the glycative reactions; yet, the G uptake by
collagen was greatly suppressed by,Rihd RE (Figure 5).

As mentioned in above, ifrigure 5, the effect of RE was
seen to prevail over that of REand the positive control AG,
apparently contrary to the anti-CD effects found in LIHigure

3A); such a discrepancy may be ascribed to the stronger surface
hydrophilicity possessed by collagen than the LDL.

Moreover, oxidation of unsaturated fatty acid can injure
endothelial cells, inducing the proliferation of smooth cells and
forming thrombus or blood clot and deposition of fibfin
calcium complexesr]. Polymerization of collagen and glycation
of thrombin and fibrinogen is closely correlated with reactive
oxygen species (539). In the past decade, many herbal
constituents have been cited with rather satisfactory outcomes.
Morimitsu et al. @) and Nakagawa et allQ) demonstrated that
rosemary and tea extracts are effective in the inhibition of protein
glycation. In addition, rosemary has also been found to be an
excellent anti-inflammatory as well as antiviral agent other than
an antioxidant (40).

Polyphenolics are very important plant constituents inherently
having potent free radical scavenging capabilities due to their
hydroxyl groups. Obviously, there was no positive correlation
of the total phenolic content with the DPPH scavenging
capability Table 2) nor with the antiglycative capability-{gure
3A-C).

Antithrombin III is an inhibitor for the proteolytic enzyme
of a 53 kDa protein. By inhibiting the thrombin and other blood
coagulation factors, it can control the blood-clotting rate. Our
study showed that the REat 0.05 mg/mL inhibited 51% of
the antithormbin IlI activity; in contrast, REshowed only 31%
inhibition (Figure 6). Interestingly, AG was totally ineffective,
implicating that their action mechanisms may be quite different
in this respect.

In summary, in the LDL model, the acetone extract of
rosemary Rk has more effective antiglycative potential than
the aqueous extract REwhile in the collagen and thrombin
Il models, the reverse is true. We attributed such results to the
higher lipophilc diterpenoid polyphenolic content in REuch
as rosmarinic acid, carnosic acid, and carnosol) and the different
surface lipid characteristics between LDL and collagen, although
for anti-AGEs both extracts were comparable. To assist the
evidence, a larger DPPH radical scavenging capability with less
total polyphenolic content was indicated in RE

In conclusion, on the basis of the results obtained from the
LDL, collagen, and thrombin models, we conclude that rosemary
is an excellent multifunctional therapeutic herb; its extracts are
very effective antioxidants, antiglycatives, and rather potent
antithrombin Il agents, which can be attributed to the profound
contents of rosmarinic acid, carnosic acid, and carnosol. By
looking at its potential potent antiglycative bioactivity, it may
be used as a good adjuvant medicine for the prevention and
treatment of diabetic, cardiovascular, and other neurodegenera-
tive diseases.

Hsieh et al.
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