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ABSTRACT

AIM; To investigate the
carnosol, rosmanol, and epirosmancl, which are phenolic

inhibition capacities  of

diterpenes from Rosmarinus officinalis , 1o oxidized low-
density lipoprotein (LDL) formation in human blood and
deiect their scavenging activities to lipid free radical and
superoxide anion in vire. METHODS: The anti-
oxidant which were expressed with the
inhibilities to lipid free radicals in the membrane lipid of
cell and oxidized LDL formation were evaluated by
TBARS assay and ESR method, The inhibition on the
Cu ™ -mediated oxidization of apo B formation in LDL
was investigated by fluorescence spectroscopy. RES-
ULTS: Camosol, rosmanol, and epirosmanol had an
inhibitory activity to lipid peroxidation and oxidized apo
B formation in human bloods LDL. The 1Cy, were 7 -
10 umol/L.  The antioxidant mechantsm was related to
the scavenging activities to lipid free radical,
CONCLUSION: camosol, rosmanol, and epirosmanol
showed the activity in inhibiting LDL oxidation.

activities

INTRODUCTION

More and more evidence suggests that the oxidation
of low density lipoprotein (LDL) may play a pivolal role
in the pathogenesis of atherosclerosis''” . The exact
mechanism by which LDL undergoes oxidation in vive is
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not vet fully understoed, but increasing experimental data
suggest that it involve free radical formation during LDL
oxidation'2'

Rosmary ( Rosmarinus officinalis L), an evergreen
shrub, is one of the herb spices of the family Labiarae .
It was cultivated in Mediterranean first, then transplanted
to China in Jin Dynasty, but cultivated in all of the world
now. At present, there is a large source of rosemary in
Yunnan Province of China. Dilerpenoids, flavonoids,
triterpencids, essentials and phenolic acids are their main
constituents. lis extracts have been developed and used
in medicine, and keeping foods fresh,
especially the phenolic diterpenoids fraction in total
extracts shows prominent bio-activities of antioxidant,
antitumor, and anti-HIV-*"*' | Camnosol, rosmanol, and
epirosmanol from Rosmarinus officinalis have phenolic
diterpenes structure. It was reported that they could
inhibit mitochondria and microsomal lipid peroxidation
induced by NADH or NADPH®).  Bur, the molecular
mechanism of them as a protector against LDL oxidation
and vascular diseases is unclear. The present work was

cosmetics,

conducted to evaluate the activity of cammosol, rosmanol,
and epirosmanol in inhibiting LDL oxidation.

MATERIALS AND METHODS

Materjials Camosol, rosmanol and epirosmanol
(Fig 1) were obtained from the Department of Natural
Medicines in School of Pharmaceutical Sciences, Peking
University, China. The extracted process was described
in literature!® , 98 % purification ( HPLC detection ).
The compounds were fully dissolved in Me,SO, then
diluted with phosphate buffer solution (PBS) and finally
there was 3 % Me,SO in the compound solution.  Spin
trap 4-POBN, nitrobluetetrazolium ( NBT ), xanthine
(X) and xanthine oxidase (XOD) were purchased from
Sigma company in USA. Other agents were of AR
grade. Human LDL were isolated from plasma of
normal volunteers in the density range of T.019 - 1.063
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kg/L and oxidized by incubating with CuSO, 10 zmol/L
at25 C for24 b'%'. The oxidation reaction was stopped
by adding 100 pmol/L ethylenedinitrolotetraacetic acid
{EDTA). The microsomes were prepared from mouse
liver® . The membrane was from the fresh biood!™ .

(IR=,

OH
(2) R=
o

Fig 1. Stucture of rogmanol (1}, epirosmanol (2),
and carmosol (3},

Thiobarbituric acid reactive substance
{TBARS) assay'® LDL (1.2 mL, 0.64 g/L) that
was oxidized by CuSO, (10 pmol/L) was mixed with
various concentration of phenolic diterpenes and diluted
with 1mL of 20 % trichloroacetic acid. After adding the
thiobarbituric acid (1 ml of 0.8 %), the mixture was
heated at 100 T for 20 min. The peak absorbance al
532 nm of the solution which was read. The ICy, (95 %
confidence limits ) were calculated by probit analysis
(5A56.12}).

Fluorescence detection The impact on LDL-
oxidized can be assessed by evaluating the inhibition of
camosol, rosmanol, and epircsmanol on the oxidized
apo B formation in LDL. When LDL unsaturated fatty
acid undergoes oxidation, reactive aldehyde is formed that
bind to apo B. Any iphibition to the formation of
reactive  aldehyde will blocked consequently the
modification of apo B. We recorded the fluorescence
specirum of LDL subjected to oxidative conditions in the
absence or presence of camosol, rosmanol and
epirosmanol.  LDL (0.64 g/L) with CuSO,(10 pmol/
L) and various concentration of phenolic diterpenes were
diluted with PBS (pH 7.4) to give a final concentration
of LDL 120 mg/L. The extent of aldehyde-modified
lysine in oxidized LDL was monitored by determining the

fluorescence of native or modified LDL samples, using an
excitation wavelength of 360 nm and monitoring emission
fluorescence at 420 nm with a DR-3 fluorescence
spectrophotometer .

Superoxide anion and lipid free radicals
scavenging activity Superoxide anion was generated
by X/XOD and measured by the NBT reduction
method""'T. The absorbance of mixwre at 560 nm was
recorded after mixt for 10 min.  Percentage of
scavenging was calculated as following: scavenging
capacity = (A, — A, ) /A, x 100 %. Here, A,, A, are
the absorbances with or without addition of compounds,
respectively,  The inhibiting activity of compounds to
lipid free radical (L.-) was investigated, comparing with
a standard generated system in which PBS as a control.
L - was generated in the system of mouse liver
microsomes after adding 6 % H;O» and measured by spin
traping-ESR method. The ESR signal of lipid free
radicals traped by 4-POBN (POBN-L+) was recorded by
ESR spectrometer' ') . The changes of signal strengths of
POBN-L - in the system that was interacted respectively
with carnosol, rosmanol, and epirosmanol were detected
as evaluating the inhibiting activity to L+. ESR spectra
were measured within 5 min after reagents mixing at room
temperature  using a Bruker ESP-300  spectrometer
{Germany ) operating at 9.74 GHz with 100 kHz field
modulation. A scan range of 20 mT, a modulation
amplitude of 0.20 mT, a microwave power of 10 mW, a
receiver gain of 5 x 10°, time constants of 160 ms, and a
scan time of 200 s were used for all spectra.

RESULTS

Inhibition on lipid peroxidation in the ceil
membrane and human LDL  Camosol, rosmanol,
and epirosmanol inhibited TBARS formation in Cu®*-
mediated LDL oxidation. The antioxidant 1Cg, value was
evaluated as the absorbance of the antioxidant concentra-
tion that corresponding to 50 % decrease of the TBARS
of LDL-C\** at 532 nm and listed in Tab 1.

Inhibition of the formation of apo B in LDL
Oxidized apo B formation in LDL can be detected by the
fluorescence  properties which attributed from the
formation of Schiff base products, with excitation and
emission maximum at 330 nm and 420 nm respec-
tively'™ . This represented adduct formation between
reactive aldehydes and lysine residues of ape B.

Cartosol, rtosmanol, and epirosmanol inhibited this
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Tab 1.

Inhibition on Cv?*-induced LDL oxidation and lipid free radicals in mouse liver microsomes by carnosol,

rosmanol, epirosmanol, and g-tocopherol. Experimental groups in ESR: liver microsome + 6 % H,(; + compound {100
nmol/L) + 4-POBN {200 numol/L); n =3 independent experiments. 95 % confidence limits are in parentheses.

Compound lCm/.'.umol' L' IIC_,(,/ sunol-L~! h" Inhibition ta
in LDL in cell membrane (au) [/%
Carnosol 10.015 (8.726—12.041) 4.530 {2,849 - 7,405} 2.15 .81
Rosmanal T.041 (5.648-9.264) 2,505 (1.112-4,728) 1.95 40,90
Epirosmanol 8.227 (6.546-11.162) 3511 €2.130-6.146) 2.45 27.27
o Tocopherul 48011 (3.000-93.000} 2.75 16.66
Control’’ 3.3 0

17 The signal height of 4-POBN/L, au: arbitrary unit; 2} Control: liver microsome +6 % H,Oy +4-POBN (200 mmol/L); others; liver
microsomme + 6 % HaCy + compound (2 x 10”7 % mmol/L) +4-POBN (200 mmol/L) .

apo B modification that is related to the concentration of
compounds. Camosol, rosmanol, and epirosmanol have
an iphibition tendency at low concentration ( <20 frmol/
L). only rosmanol can kecp the inhibition above 20
pmol/L. Another twe showed a little bit increasing of
fluorescence absorbance and then keeped constant above
20 umol/L. (Fig 2). These indicated that they could
show a main effected inhibition ai low concentration of
compounds. It is not found that they quench the
endogenous fluorescence in LDL under the researching
condition.
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Fig 2. Fluorescence of LDL {12 mg/L) incubated with
Ci?* 5 pmol/L in the presence of the phenolic diter-
penes. m=3. % * 5. 4A: LDL plus CF* plus
carnosol of different concentration; @: LDL plus C*
plus rosmanol of different concentration; [ll: LDL plus
Cw** plus epirosmanol of different concentration.

Effect on lipid free radical and NBT reduc-
tion by superoxide anion generated from X/X0D
The ESR signal of 4-POBN was shown in Fig 3 and the
parameders were similar to that in reference! . The
inhibition activities of carmosol, rosmanol, and epim-
smanol to L+ were listed in Tab |.  Camosol. rosmanol,

and epirosmanol did nol inhibit the activity of XOD, but
scavenged superoxide anion al low concentration.
Rosmanol showed an increasing of scavenging action
when its concentration was increased, but another two
had a little decreasing of scavenging action when the

concentration is above 0.2 umol/L (Fig 4).

GSmT
i
A
B
C
D
E o
-—H

Fig3. ESR Spectrum of POBN-L- adduct. The inhi-
bition potency was calculated by the peak-height ratio
in the low field with or without any antioxidant in the
research systems. A: control: liver microsome + 6 %
H,0, + 4-POBN {200 mmol/L); B: liver microsome +
6 % Hy0, + a-tocopherol (20 nmol/L) + 4-POBN (200
mmol/L); C: liver microsome + 6 % H,0, + epiro-
smanol (20 nmol/L)} +4-POBN (200 mmol/L}; D: liver
ricrosome + 6 % H;0, + rosmanol {20 omol/L.) + 4-
POBN (200 mmol/L); E: liver microsoine +6 % H;0; +
carnosol (20 mmol/L) +4-POBN {200 mmol/L).

DISCUSSION

The experimental results using several techniques
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Fig4. Effects on the reduction of NBT by superoxide
anion geperated from the X/X0D system.

suggest that carmosol, rosmanol and epirosmanol showed
capacities of inhibiting LDL or cell membrane oxidation
mediated by copper. The resulis indicated that they
could inhibit the formation of aldehydes peroxidation
products in LDL. and cell membrane. Fluorescence
research also showed that they inhibited the interaction of
lipid oxidation products and apolipoprotein at  low
concentration. From Tab 1, they all had strong
inhibition not only to the formation of fipid oxidution
products but also to the process of oxidative modification
of ape B in LDL.

The mechanism by which carnosol, rosmanol, and
epirosmanol  inhibit LDL oxidation is probably a
synergistic effect of substance such as blocking the direct
modification 1o apo B and nhibiting an adduct formation
between reactive aldehydes and lysine residues of apo B.
In addition to that, the important mechanisms of
antioxidant activity are strongly due to the direct
scavenging to lipid free radical and superoxide anion.
Under this oxygen-derived radical generation system, the
yield of lipd free radical and superoxide anion was
actually more considerable than the others in clinical
(: Obviously,

condition" - . camosol,
are very sensitives

pathological
rosmanol and  epirosmanol
preventing lipid free radical and superoxide-induced
damages within a micromolar concentration region.

Al present, There is functional product of the
extracts from Rosemary as preventing cardiovascular
diseases especially arteriosclerosis in America market. It
is considered that, probably, the action is closed to the
antioxidant propertics of phenolic diterphenoid.  Our
results  suggest that the cammosol, rosmano! and
epirosmanol of rosemary extracts play a very important

for

action in preventing cardiovascular diseases .

From ICg, data in Tab 1, there are nmot significant
difference  among the camosol, and
epirosmanol, but there is a difference in scavenging lipid
free radical. This is probably related to the their
stucture,  All - of a orho-position
diphenolic groups that is easy to give out a H- to form a
The H- will react with other
free radicals either from endogenous Or exogenous fo form
stable compound. The number of OH group is probably
related 10 the activity of the antioxidant results in which
rosmanol is stronger than camosol .

rosmanal ,

them  include

ortho-position diquinion.
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