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ABSTRACT

The investigation of anti-atherosclerotic activif/ M. parviflora and the mechanisms responsibletifier extract’s
effects (antihypolipidemic, anti-lipidperoxidatioand monocyte chemoattractant protein-1 (MCP-ibition
activities) has been performed. In this study, atfenesis was induced by feeding rats with a hypdesterolemic
diet (200 mg/Kg da3) for 3 months. The cholesterol intake was adménést along with simvastatin 3.6 mg/Kg or
M. parvifloraextract at doses of 100, 300 and500 /KggAtheroma observation was performed by
immunohistochemistry staining method with anti-ropbage antibody (MAC387). Animal plasma biochemical
(total cholesterol, trigliserida, HDL, LDL, maloraldehyde, and MCP-1) profiles were measured. M.
parvifloraextract dose dependently decreased thal-tholesterol, triglyceride, and LDL-cholestergvels; and
increased HDL-cholesterol in atherogenic-diet ratSurthermore, M. parvifloraextract lowered the lipi
peroxidation (malondilaldehyde, MDA) and MCP-1 puotion in dose dependent manner. Immunohistochgmist
staining with anti-macrophage antibody(MAC387) shdwthat atherogenic-diet rats treated with M.
parvifloraextract at a dose of 500 mg/Kg was noboed positively, the same as that in normal andwsistatin
treated groups. These results suggest that M. flaraistandardized extract may have anti-atherosides effect
throughantihiperlipidemia and antilipid-peroxidaticactivities.
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INTRODUCTION

Degenerative diseases such as coronary heartestioll diabetes are deadly diseases and have becoblems in
both developed and developing countries. The regulhdonesia Basic Health Research in 2007 redethat the
prevalence of cardiovascular disease and strokadanesia were 7.2% and 0.83 %, respectively [hle Tain
process responsible for the occurence of coroneaytfand stroke diseases is atherosclerosis [2].

Atherosclerosis is the result of a continual inflaatory response. Inflammation is involved in alhgas of
atherosclerosis from initiation, progression, tanptication of thrombosis [3, 4, 5]. Some factorsttitrigger
inflammatory responses can be found in our inteamal external environments such as excessive cquigmof
hydrogenated oil; obesity; smoking; exposure taatimh; toxin from environment; problems due toefreadicals;
bacterial and virus infections; emotional stresg} aven some medicines [6].
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Studies on the pathogenesis of atherosclerosis shatvthe alterations in endothelial-cell functiprecede the
development of atherosclerotic changes and thergsemn of vascular lesions. Endothelial dysfumctocurs well
before the structural manifestation of atherosalisrand becomes an independent predictor of futardiovascular
events [7]. Itis a result of a continual proces&wdothelium layer stimulation and activation tbah be caused by
imbalanced production between oxidant and antiortidla human body. It leads various occurences sischDL
oxidation and inflammation response which worgéescondition[8].

Oxidized LDL (OxLDL) produce some biological respes, firstly it induces the endothelial cell to geate some
chemotactic substances includimpnocyte chemotactic proteifMCP-1). MCP-1attracts circulating monocytes,
and promotes the differentiation of resident-monesynto tissue macrophages and inhibits the rotli resident
macrophages. These processes increase foam eedltfon and finally cause atherosclerosis [9-12].

The prevention of LDL oxidation is not yet widelywdwn. The first strategy to prevent the LDL oxidatiin
antiaterosclerotic research is mechanism-basedxdint therapy [3]. One of the sources of nataraloxidants is
herbal medicine with high content of polyphenol @omnds. The consumption of phenolic compounds
epidemiologically proves to have an opposite refethip with the rate of morbidity and mortality sad by the
coronary heart disease[13].Consumption of polyphemizh beverages in a short time increases thristof serum
antioxidant in healthy subjects which is able tatool cholesterol accumulation in macrophages [14].

One of the plants containing polyphenol compousddéazzetia parvifloraBecc (M. Parviflora). In Buton island,
located in Eastern Indonesia, the boiled wood batke plant is used to reduce cholesterol levés. also used as
a slimming medicine, antidiabetic, and antitumaoneTeffects are due to the ability of anti free-catlicompound
which is in a fairly high amount in the plant [15Jlowever, there is no scientific data that degiet antiatherogenic
activity of M. parvifloraand the underlying mechanisms. Therefore, the pteserk is designed in order to develop
the M. Parviflora extract to become standardized herbal that héatlatosclerosis effects.

EXPERIMENTAL SECTION

Preparing the M aterial and Extraction

The fresh stem bark dfl. parviflora were collected locally from Buton island. Afteraththey were dried using
oven in temperature of 40. The dried material was crushed up and grourgetchomogeneous fine powder and
then it was ready to be used as research matéri@ital of 5-kg ofM. parviflora powder was extracted through
maceration with ethanol-water solvent (7:3). THeablic extract was concentrated and evaporatabtiuatextract
was free from ethanol, and then lyophilized unty éxtract was obtained (686.5 g). 500 g ethanatitact oM.
parviflorawas subjected to a solid-liquid partition with amet. The amount of acetone extract was 75 g and
insoluble in acetone was 407 g. The acetone infokiract was standardized and used in the nsit te

Animals and Experimental Design
The experimental protocols were approved by theécEt@ommittee of the University of Hasanuddin, Indsia
(No. 0496/H04.8.4.5.31/PP36-KOMETIK/2010).

Activities of M. parvifloraextract were tested by using male Wistar rat whigte put in cages in a controlled
environment. During the adaptation, rats were fétth wellet and tap watead-libitum for 1 month until the rats
weighing between 170-200g. The animals were rangasgigned to six experimental groups with thrégiraeach
group. Animals in groups | served as positive adntvas given simvastatin 3.6 mg/kg. Groups I, #ihd IV were
given sequentially 100, 300 and 500 mg/klyloparvifloraextract peroral once a day. The agents were aderiats
along with cholesterol 200 mg/kg administrationo@r V, served as the control group, received chedekonly.
Rats in group VI, as the normal control, was ngegiany treatment. The test was performed for 3thson

M easurement of Plasma Biochemistry

Before starting the treatment, animal plasma bintbal profiles were measured as a baseline. Inetig of
treatment, the same procedures were performedr é¥er night fasting (12 hours), rats were sactiainder ether
anesthesia and blood samples were collected imttiads into centrifuge tube. The serum were sefgataby
allowing the coagulated blood to clot for 15 mirsut@ temperature of 2%, centrifuged at 2500 rpm for 20
minutes, and then stored in plastic vials af€0ntil analysis of total cholesterol, trigliseriddDL and LDL. Lipid
peroxidation was estimated in serum by measurirgg ttalondialdehyde (MDA) production generated in the
thiobarbituric acid reaction. MCP-1 levels wereydetermined at the end of activities and measbsedsing rat
Elisa kit (Invitrogen KRC1011).
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Analysis of Antiater osclerotic Effect

The thoracic aortae of these rats were rapidly aréfully dissected froraorta ascendens ardiobifurkasi iliaka
and then washed with colghosphate buffer salin@PBS) containing 1 mmol/liter EDTA. Atheroma obsatan
was performed by immunohistochemistry staining meétwith anti-macrophage antibody (MAC387).

I mmunohistochemistry
Consecutive 4 pm sections were cut from each bldelparaffinized with xylene and rehydrated with dgré
ethanol solutions in deionized distilled water.i8lesections were processed for the immunohistoatedratudy.

Immunohistochemistry was performed using the sénggin-biotin-peroxidase method with labeled steegdin-
biotin (LSAB; Dako, Carpinteria, USA). Briefly, theections were placed in a glass box filled withmito I/L
citrate buffer (pH 6.0) and were autoclaved fomii at 125°C to retrieve antigenicity. The sectioree allowed
to cool in the box at room temperature for 60 nefobe being immersed for 30 minperoxidase blocking reagent
(200 ml of methanol + 3.2 ml of @, 30%) to block endogenous peroxidase, then imrdersantigen retrieval
solution (Target Retrieval SolutionTRS, Dako) at 8 and washed twice in PBS. The avidin-biotin blagki
solution was applied to the sections for 30 mibltmck avidin in the tissue. The primanyonoclonal rat antibody,
anti-macrophagesnacrophage marker (MAC 387)(1:100 dilution, Stu£Biotechnologi) was applied to sections
and incubated overnight at 4°C in a moist chamBehsequently, sections were incubated with bicditeyl goat
antirabbit IgG (Dako) for 30 min and streptavidionjugated to horseradish peroxidase (Dako) forng0.
Chromogenic fixation was carried out by immersidge tsections in the solution of 3,3-diamino-benzdin
tetrahydrochloride (DAB) (Dako) at room temperatfoe 10 minutes until a distinct reaction producisievident
microscopically. The sections were then countersthiwith Mayer’s hematoxylin. Immunostaining oftiaMAC
387 antibody was graded according to the numbestadshed cells and the staining intensity in indidticells as
follows: negative (score 0), almost no positives;dbw (score 1), 1-10% of the cell showed brouwairsng; and
high (score 2), over 10% of the cells showed brstaming. Immunostaining was evaluated indepengdmtithree
independent observers who were unaware of thecalimind histological diagnoses, and all of theigestwere
scored twice to confirm the reproducibility of thesults.

Statistical Analysis

The data were statistically analyzed by using SES&tistical Package for Social Sciences) softviiaravindows
version 15.0. The results were expressed as ne&B. The statistical significance of the treatiseranalyzed
with  Kruskal-wallis test and the differences betwethe group means was determined using the Whitney
Test.Differences are considered significant wpe®,05 and very significant whexx0,01.

RESULTSAND DISCUSSION

Antihiperlipidemic and anti-lipid peroxidation Activities

The most important risk factors of atherosclerasid coronary heart disease (CHD) are advancechaje,gender,
smoking, diabetes mellitus, hypertension, and hgfp@Eesterolemia [16,17]. In this study, we investégl the
antiatherogenic effect dfl. parvifloraextract in high cholesterol fed rats. Fisrt,, thetihiperlipidemicand anti-lipid
peroxidation effect oM. parvifloraextract was obtained and the results can be se€nkite 1.These data showed
that cholesterol intake (group V) for three montaised a significant increase in the total cholektérC),
triglycerides (TG), andlow density lipoproteifLDL) as well as the decrease lufjh density lipoproteifHDL)
when compared with normal control group (group VI).

The decrease of LDL level reduces cholesterol déposn medium artery and aortae because the bB& a role
to carry cholesterol from the liver to periphenfleand artery muscle cells. The increase oh HDJelldnelps to
remove cells from periphery cells and to carry ebtdrol back to the liver. Therefore, the increafséiDL level is
expected, and so is the LDL level. Besides thatl lid an oxidated form is caught by macrophage ugtoa
scavenger mechanism. Therefore, anti-arteriosatenaedicines should be able to decrease VLDL and abd/or
increase HDL.

The administrations oM. parviflora extract and simvastatin to the treatment groupsevable to prevent a
hyperlipidemia condition. They significantly inhibd the elevation of plasma lipid profiles indudeyl dietary
cholesterol when compared with the cholesterolrobigiroup (group V) in dose dependent manner. Thene no
significant differences betwean. parviflora extract and control drug (simvastatin) effectd & and HDL levels
but not on total cholesterol and triglycerides lev&he ability of the extract to increase the HiBlel and attenuate
the LDL level causes the reduction of the atheragémex (LDL/HDL)suggesting that the extract magip to
prevent the progression of atherosclerosis [18, TI9¢se results are in accordance with the restiEd-Adawiet al.
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[20] who reported that grape seed extract which wak in polyphenol compounds showed an obvious
hypocholesterolemic effect.

Tablel. Test results of antihiperlipidemic and anti-lipid peroxidation effect of M. parviflora extract

Average Average Average Average

GROUP TREATMENT Percentage of Percentage of Percentage of Percentage of = Aver?ge f
Total Cholesterol Trigliserida HDL-Cholesterol  LDL-Cholesterol MS,&C-eDnegrgede
Decrease Decrease Increase Decrease
I Cholesterol -40.31+4.46* 13.33+3.13 126.7+15.7* -25.12+1.57*  8.22+15.86*
+Simvastatin
Cholesterol+ Extract of
1] M. parviflora -21.71+3.33* 18.11+1.20* 144.3+58.1* -19.88+5.47* 43:41+15.73*
500mg/Kg
Cholesterol+ Extract of
I} M. parviflora -12.20+6.56* 24.81+1.27* 106.1+28.6* 4.53+3.39* :09+9.25*
300mg/Kg
Cholesterol+Extract of
[\ M. parviflora -9.85+2.00* 43.56+12.16* 61.5+6.9* 11.87+0.65* 8£3535*
100mg/Kg
\ Cholesterol (control) 43.09+3.11 76.56+5.97 P& 28.47+2.80 117.89+18.67
VI Normal Control 3.75+2.01* 17.09+1.34* 40.0+13.9* 7.71+£4.71* 15.33+7.64*

Normal control group not given any treatment, cohgroup received cholesterol 200 mg/kg only, ttreengroups were given the agents along
with cholesterol 200 mg/kg administration. The teas performed for 3 months. *p<0.05 compared toticd

Hipercholesterolemia, one of the several main factd atherosclerosis, increases the release ofaladn some
ways. The main target of oxygen free radicals isttack the double unsaturated fatty acid on menglipid to
cause lipid peroxidation and consequently to predtlee disorganization of cell structure and funetid9].
Efficiency of antioxidant protection in a hypercésierolemic patient depends on the balance betaegyen free
radicals and antioxidant availability.

Several studies have indicated that polyphenolsnignaatechins and procyanidins) of grape, winej grape seed
extracts inhibit the oxidation of low-density lipagein (LDL). Tea antioxidants with a greater numbé&phenolic
hydroxyl groups have greater antioxidant power, i.epigallocatechingallate (8 groups) >epicategdilate (7
groups) > GC (6 groups) >epicatechin (5 groups)igaiocatechin (6 groups)[21]. Polyphenol in teaaal
haslectron-donatingantioxidant characteristics whose activities astated with the amount and location of
hydroxyl cluster that exists in the galloil clusfag].

The in vivo study of lipid peroxidation inhibitioof the extract was performed by measuring the nuiddaehid
(MDA) levels as a final product of lipid peroxidatt. Dietary cholesterol produced a significantr@ase in plasma
MDA levels reaching up to 117.89% of the normalueal. M. parvifloraextract significantly inhibits the lipid
peroxidation reaction in animal test dose depetyleim previous study we determined the in vitro LL-Dxidation
inhibitory of M. parviflora extract. The result showed that 50 pdv/mparviflora extract prevented LDL oxidation
induced by CuS@by prolonging the LDL-oxidation lag time (unpubleshdata).

As a positive control, we used simvastatin. It haen reported that simvastatin has anthiatheradiderharacter
due to its antioxidant capacity [23]. In this eXxp@nt simvastatin showed a significant inhibit@f§ect on lipid
peroxidation but its activity was lower than thle parviflora extract. The high potency ™. parviflora extract as
anti lipid-peroxidation, thereby, might be expectedesponsible for a preventive effect on oxidatsiress related
cardiovascular diseases.

MCP-1 Levels

Arteriosclerosis is a response not only to hypatémia but also to the inflammations of the vesegall. The early
stage of atherosclerosis is characterized by tlal fattachment of monocytes to the endothelium Hedr
subsequent transendothelial extravasation intovéssel wall [24, 25]. One of molecules that hasnuftactic
activity for monocytes is monocyte chemoattractantein-1 (MCP-1) [26, 27].

The following is the graph of MCP-1 content meadurerat serum after being treated with cholestesioblesterol
plus simvastatin and cholesterol pMs parviflora extract with doses of 100 mg/Kg, 300 mg/Kg and B@JKg for
three months.

Cholesterol feeding caused an increase in MCP-dltleat is higher compared to the normal animal grédumeans
that a high intake of cholesterol induced markeaion of MCP-1 content. The MCP-1 levels of sistatin and
M. parviflora extract (500 mg/Kg) treated groupswere lower tti@a normal group and the cholesterol control
group. Sparrow et al. [28] investigated the anflisimmatory and antiatherosclerosis effect of sinat@s They

502



Mufidah Murdifin et al J. Chem. Pharm. Res., 2015, 7(5):499-505

found that simvastatin administered orally to micehour before carrageenan injection reduced thenextf
carrageenan-induced foot pad edema and simvagtaiuented an increase in aortic cholesterol confergimilar
anti-inflammatory study conducted by Marketou, let[29]showed that simvastatin exerted inhibit@ffects on
oxidative stress, proinflammatory cytokines, andiathelial activation in hyperlipidemic subjects édson the
results of serum concentrations of total peroxifiER), interleukin-6 (IL-6), tumor necrosis factdpha (TNF-a)
and soluble intercellular vascular adhesion mokedu{siICAM 1). In our study, MCP-1 was signifidgrdecreased
by M. parvifloraextract 500 mg/kg-treated group, but not My parviflora extract at 100 mg/kg. This result
indicated thatM. parvifloraextract effectively diminished MCP-1 release at asal of 500 mg/kg, only. Our
preliminary study showed th&d. parviflora extract (100 ppm) significantly attenuated thevitno secretion of
monocyte chemoattractant protein (MCP)-1 and TNfal[30].

Table2. The M CP-1 content Measured in Rat Blood Serum After Treatment for 3 months

GROUP TREATMENT Average of Total Serum MCP-1 (pgjmL
| Cholesterol +Simvastatin 64493.333+2759.879*
Il Cholesterol+ Extract oM. parviflora 500mg/Kg 68233.333+2557.368*
11} Cholesterol+ Extract oM. parviflora 300mg/Kg 71033.333+£1107.309*
\ Cholesterol+Extract oi. parviflora 100mg/Kg 71613.333+1248.092
\% Cholesterol (control) 70293.333+1923.469
VI Normal Control 72113.333+2955.763*

Normal control group not given any treatment, cohgroup received cholesterol 200 mg/kg only, ttreengroups were given the agents along
with cholesterol 200 mg/kg administration. The teas performed for 3 months. *p<0.05 compared toticd

Some researches suggest that polyphenols havinfiatimatory effects through modulation of the eegmion of
pro-inflammatory mediators such as cyclooxygenfgexygenase, NO synthase, and several importatatkiryes
(nuclear factor-kappa B and mitogen-activated pndtanase signaling) [31-34].

Antiather oscler osis Activities

Endothelial dysfunction occurs before the strudturanifestation of atherosclerosis and thus seragsan
independent predictor of future cardiovascular &v¢n].The endothelial activation can be recognifredn early
monocytes adhesionin the endothelial layer so thaarytes which is initially in th@rculating monocytesystem
changing intoresident monocytandfinally differentiate into macrophage. This dibion is assessed through the
immunohistochemistry staining. The marker usadaisrophage marke(MAC 387), amonoclonal antibody, that
detectdacrophage migration inhibitory factor (MIF)-RelateProtein MRP8/MRP14. This marker hasrass
reactionwith activated leukocytes (neutrophyle and monasy8b]and activated endothelial[36-38].Therefohe t
monocytes, leukocytes, and activated endotheliié @ppear in this immunohistochemistry stainindne tross
reactioris due to the presence of identical epitop in the@ecules, either in whole or in part [36]. This hed is
chosen because the previous study showing thatri@@kKgBB cholesterol administration to rats every & three
months has not shown any formation of atherosdteptdque, so a marker is needed to be used fagaHg step of
atherosclerosis occurrence.

The following is a microscopic description of imnaimstochemistry coloring results:

Figure 1. Endhotelial Cell Immunohistochemistry Coloring
A.normal cells (Score 0) were shownMy parvifloraextract 500 mg/kg-treated group which was same métimal group and simvastatin (3.6
mg/kg)-treated group.
B. 1% - 10% cell colored brown by monoclonal antiboalsed (Score + 1) was shownMy parvifloraextractl00 mg/kg-treated group,
C.> 10% cell colored brown by monoclonal antibodyedi§Score + 2) was shown by the sick animal comfrolip.
Magnification 10 x 40
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The results of immunohistochemistry staining shdwat ta hypercholesterolemic diet caused an increasbhe
number of activated endothelial cell and in the antaf monocytesesidenton the endothelial cell surface. It was
scored as +2 and can be extrapolated as typeohl@sihuman atherosclerosis.The relationship betvtiee score of
endothelial dysfunction and the treatments wasyaedl by using the contingency test and the chitggualue. The
result showed that the value was larger (23.80tan the table valuf(o,os(lz): 21.026). It means that there was a
relationship between endothelial dysfunction leasd the treatments.

The administration of1. parvifloraextract along with cholesterol can prevent the ratbgerosis occurrence in dose
dependent manneM. parvifloraextract 500 mg/kg-treated rats did not show thesqmee of brown colored cells
stained by monoclonal antibody the same as thidueimealthy animal group. The same protecting effes shown
by the simvastatin (3.6 mg/kg) group. Meanwhilee #mimal test group treated with lower dos®l.oparviflora
(100 mg/kg) showed that only 1-10% cells were g@diby monoclonal antibody (score +1). No animadsted
extract showed score +2 (>10% cells stained by mlonal antibody) as in the sick animal control.

M. parviflora extract consists of condensed flavonoid and taBip[Therefore, consumptionMf parvifloraextract
may cause accumulation of antioxidant active compgsun cells, preventing oxidation-induced cell daem and
oxidized LDL-induced atherosclerosis plaque formati

CONCLUSION

M. parviflora-standardized extract may resist the atherosckeqsicess caused by the cholesterol intake through
antihiperlipidemia and anti-lipid peroxidation adtiies.
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