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ABSTRACT

Rosmarinus officinalis is perennial herb with fragrant, evergreen, needlelikaves and white, pink, purple, or
blue flowers, native to the Mediterranean regidrisla member of the mint family Lamiaceae. Thedithis study
is to overview phytochemical compound as well adb&leRemedies of Rosmarinus officinalis. This eewvarticle
was carried out by searching studies in PubMed, IMedWeb of Science, and IranMedex databases @016 In
this study123 articles found, andB7 articles were included. The search terms were “Rosmarinti€indlis”,
“therapeutic”, “and pharmacological’. Various studis have shown that Rosmarinus officinalis possesis a
inflammatory effect, antioxidant effect, hepatopotive activity, anti-obesity, radioprotective effe anti
androgenic activity, memory improvement, antimicagbantibacterial and antifungal activities , aptatelet
activity, anti-anxiety ,anti-Alzheimer ,anticanceantidermatophytic activity, anti-tumor activity.oSmarinus
officinalis was shown to possess lots of healirtyitg. Medicinal properties of its extract, essahbils, its stems
and leaves should be further examined to be abtbagnose other useful and unknown properties isf\thluable
plant.
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INTRODUCTION

It is proved that herbal medicine is effective he ttreatment of many diseagk21]. Rosmarinus officinalis,
commonly known as rosemary, is a woody, perenrgab lwith fragrant, evergreen, needle-like leaves ahite,

pink, purple, or blue flowers, native to the Medismean region[22, 23]. It is a member of the nfamily

Lamiaceae, It is native to the Mediterranean andh,Asut is reasonably hardy in cool climates. Is wabitter,
astringent taste and a characteristic aroma whaatptements many cooked foods. Rosemary esseritialused as
a preservative in the food industry for its anttamt[24] and antimicrobial properties[25]. Rosemaxyract has
been shown to improve the shelf life and heat Btpldf omega 3-rich oils which are prone to rariid In

traditional medicine of India, extracts and essgmil from flowers and leaves are used to treargety of disorder
including disease involved in central nervous systeardio vascular system, genito urinary condgjoliver

treatments, reproductive system and respiratotgsys

The volatile oil of the plant is used in oils amdidns for the treatment of various ailments likthatis, gout, and
muscular pain, neuralgia, wound and rubbed into feaistimulating the hair bulbs to renewed actiyio prevent
premature baldness [26, 27].it is used as an adispdic in renal colic and dysmenorrhea, in retiguiespiratory
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disorders and to stimulate growth of hair [28]. &kt of rosemary relaxes smooth muscles of traeheantestine,
and has choleretic, hepatoprotective [29] and wmtirogenic activity [30]. The most important consnts of
rosemary are caffeic acid and its derivatives sashrosmarinic acid. These compounds have antioidad
antimicrobial [31] effect. rosemary and its consgitts especially caffeic acid derivatives suchassnarinic acid
have a therapeutic potential in treatment or préeenof bronchial asthma, spasmogenic disorderptipailcer,
inflammatory diseases, hepatotoxicity, atheroseieroschemic heart disease[32], cataract, canged8d poor
sperm motility, Alziethmer, and can act as antigspant and anxiolytic properties [34, 35].

Phar macological properties

Anti-inflammatory effect

the anti-inflammatory properties of rosmarinic a@dd of an extract of R. officinalis in local inftemation
[carrageenin-induced paw oedema model in the ratpvaluated .Administration of rosmarinic acid @xtract at
the dose of 25 mg/kg reduced paw oedema at 6 bvéry60%, exhibiting a dose-response effect. Feffitist time,
the anti-inflammatory potential of rosmarinic adids been identified, as it causes a substantialctied in
inflammation, and we speculate that it might befulsa the pharmacological modulation of injuriessaciated to
inflammation [36].

Antioxidant effect

The antioxidant activity of sunflower oil-oleoresmosemary [Rosmarinus officinalis L.] blends [SOR®hs
assessed .The multivariate kinetic approach effelgtiscreened SORB1500 as the best blend confdirmgighest
oxidative stability to sunflower oil. This approacan be adopted for quick and reliable estimatiothe oxidative
stability of oil samples [37].

Selected components of plant essential oils arattiriRosmarinus officinalis oil [RO] were investigdtfor their
antioxidant, iron-chelating, and DNA-protective axffs. It was observed that whereas eugenol, calyaand
thymol showed high antioxidative effectiveness Ihassays used, RO manifested only antiradicalcefend
borneol and eucalyptol did not express antioxidentivity at all. DNA-protective ability against hgatyen peroxide
[H202]-induced DNA lesions was manifested by twéi@adants [carvacrol and thymol] and two compourtiobst
do not show antioxidant effects [RO and borneofjrriol was able to preserve not only DNA of Hep@Rschut
also plasmid DNA against Fe[2+]-induced damages Haiper evaluates the results in the light of égpees of
other scientists [38].

The bioaccumulation potential of cadmium in livéidney, gills and muscles of freshwater fish, Nilkapia
Oreochromis niloticus and the changes in oxidasivess indices in liver and kidney with or with@itnultaneous
treatment with waterborne vitamin C and rosemaaf bxtract was assessed. Reduction in Cd inducethtove
stress and bioaccumulation was comparable betweetwo antioxidant treatments, Vitamin C and rosgmheaf
extract. The key findings suggest that both theoaittants used showed ameliorative potential taucedtissue
accumulation of Cd and associated oxidative sirefesh water fish, Nile tilapia [39].

The bioactive compounds from these three plant® fiiest extracted and thereafter assayed for fatehols, 2, 2-
diphenyl-1- picrylhydrazyl [DPPH] radical scavengimctivity, total antioxidant capacity [TAOC] andducing
power. There was a direct relation between totahplics and antioxidant activities of extracts. itssshowed that
these three natural extracts and their combinataombe effectively used as a substituent of syittlattioxidant
BHT [40].

the effects of endurance exercise training accoyipgrRosmarinus officinalis Labiatae [rosemary]Mes extract
on lipid peroxidation and antioxidative systemstle blood of rats with streptozotocin-induced diebewas
analyzed.These data demonstrated that the levdisidiperoxidation in the erythrocyte of diabetats were high,
whereas there was a decrease in the basal antibxddayme activities. However, rosemary extrachwitdurance
exercise may attenuate oxidative stress by enhgrmeitioxidant enzyme activities and decreasingl lggroxidation
levels in experimental rats with diabetes [24].

Four diterpenoids, carnosic acid [1], carnosol f@gmanol [3], and epirosmanol [4], were isolatedaatioxidative
agents from the leaves of Rosmarinus officinalisbiyassay-directed fractionation. These diterpendidibited
superoxide anion production in the xanthine/xarghioxidase system. Mitochondrial and microsomaldlipi
peroxidation induced by NADH or NADPH oxidation wealso completely inhibited by these diterpenethat
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concentration of 3-30 microM. Furthermore, carncsiad protected red cells against oxidative henislyBhese
phenolic diterpenes were shown to be effectivertdaat biological systems against oxidative stregisd.

The effect produced by a methanolic extract of Rardmas officinalis on CCI[4]-induced liver cirrhasin rats was
investigated .When the cirrhosis by oxidative stress evaluated as an increase on liver lipopeatigid, total
lipid peroxides, nitric oxide in serum, and losseofthrocyte plasma membrane stability, R. offitgiavas shown
to prevent such alterations. On cirrhotic animedatied with CCI[4], histological studies showed sies necrosis,
periportal inflammation and fibrosis which were rif@dl by R. officinalis. These benefits on experitted cirrhosis
suggest a potential therapeutic use for R. offi@res an alternative for liver cirrhosis[42].

The absorption, distribution and elimination ofreasic acid, the main antioxidant found in rosemeag studied, in
vivo, in rats. The recovery of carnosic acid in feees, 24 h after oral administration, was 1582%. Carnosic
acid is absorbed into the bloodstream after oraliatration in rats and is therefore bioavailaltitevas found that
carnosic acid in vivo is present in its free fornddhat its main elimination route is the fecaltejd3].

These data suggest that phenolic compounds froemay ameliorate the antioxidant defense in diffetissues
and attenuate oxidative stress in diet-induced ttymdesterolemic rats, whereas the serum lipid ilgrofras
improved only in rats that received the aqueousaeK@4].

The possibility of coal tar creosote to induce axigk stress and biochemical perturbations inivet land the role

of rosemary [Rosmarinus officinalis] in ameliorafiits toxic effects was investigated. Rosemaryrpegtent to
coal tar creosote-treated rats decreased LPO #&wkhormalized GPx, GR, SOD, CAT, and GST actisjtighile
GSH content was increased. Also, liver AST, ALTPAland LDH were maintained near normal level due to
rosemary treatment. In conclusion, rosemary hasfimal effects and could be able to antagonizd taracreosote
toxicity[45].

The protective effect of rosemary essential oilcanbon tetrachloride - induced liver injury in rasd to explore
whether its mechanism of action is associated witidulation of hepatic oxidative status was evalllatesults
demonstrate that rosemary essential oil, besidéi¢ixiy free radical scavenging activity determiniegd DPPH
assay, mediates its hepatoprotective effects hleoigh activation of physiological defense mechas[29].

Hepatopr otective activity

The effect of water extract [200 mg/kg body weighft]Rosmarinus officinalis L. in streptozotocin [Ffinduced
diabetic rats for 21 days was examined. This stedgaled that rosemary extracts exerted a hepaeupire effect.
The results indicate that the extract exhibitsgtatective effect on tissues and prove its poténtia an antidiabetic
agent[46].

Lyophilised ethanol and aqueous extracts of Rosmariofficinalis young sprouts and total plant hdeen
evaluated for choleretic and hepatoprotective dEssin the rat. R. officinalis ethanol extractgpared from young
sprouts show a significant dose-related cholewatitvity and are more active than the total plattazt. Aqueous
extracts of young sprouts show a significant hepatective effect on plasma GPT levels when given a
pretreatment before carbon tetrachloride intoxicatvhile the whole plant extract was inactive. Bsfitouts and
whole plant aqueous extracts were ineffective wdigan after carbon tetrachloride administration[47]

The phytochemical analysis of the methanol extedidRosmarinus officianalis leaves [MEROL] and if§icacy
against CTX-induced hepatotoxicity was investigatecktreatment with 100g/kg MEROL for 16 d ameliorated
CTX-induced hepatotoxicity represented in lowerthg levels of the aspartate aminotransferase [A8if] lipid
profile and minimizing the histological damage. Clusions Pretreatment with 16@y/kg b.w. MEROL mitigated
CTX-induced hepatotoxicity due to its antioxidaotity[48].

The effect of oral administration of Rosmarinusaffalis L. [Lamiaceae] on CCl[4]-induced acutegihinjury was
investigated. Histological evaluation showed thaisfarinus officinalis partially prevented CCl[4Binced
inflammation, necrosis and vacuolation. Rosmarioffi€inalis might exert a dual effect on CCI[4]-inded acute
liver injury, acting as an antioxidant and imprayi@ST-dependent[49]
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The hepatoprotective and antimutagenic effectshef tosemary essential oil and the ethanolic extveete
investigated .The potential hepatoprotective antimanagenic activities of the rosemary ethanolid¢rast and
essential oil, respectively, are attributed to phesence of a relatively high percentage of phermimpounds with
high antioxidant activity [according to our chenlistudies][50].

The expression of the subunits NR1, NR2A and NR2Be glutamate receptor in rat prefrontal corteximodel
of hepatic damage induced with carbon tetrachloaiiler a treatment with Rosmarinus officinalis Lsaevaluated.
Treatment with extract of Rosmarinus officinalisih.cirrhotic animals modifies the expression obuits of the
NMDA receptor due to an improvement in hepatocalidlinction in the presence of antioxidant compauadd
flavonoids[51].

Anti-obesity

The effects of rosemary [Rosmarinus officinalis lepf extract [RE] on the prevention of weight gand
associated metabolic disorders in mice fed a higtdfet was investigated. While glucose tolerance fasting
glycaemia were not affected by RE treatment, hepaglyceride levels were decreased by 39% in Riated mice.
Administration of the lower dose of RE [20 mg/kg BWas ineffective on all the parameters measurad. |
conclusion, our results demonstrate that consumpmifd?00 mg/kg BW of RE can limit weight gain inducby a
high-fat diet and protect against obesity-relateerIsteatosis[52].

Plasma alanine aminotransferase was lower withetdests at the end of the ongrowing period. Rosgraatract
reduced the plasma levels of glucose and triglgesrion week 4 and glucose and HDL/LDL cholesteatibron
week 12, suggesting better transport and energybuoksm of the lipids. Overall, the most evidenteef of
rosemary extract was observed with the 600 mg kglese[53].

The effects of rosemary extract on metabolism wagestigated and demonstrated that rosemary extract
significantly increased glucose consumption in H2pg@lls. the PPARspecific antagonist GW9662 diminished
rosemary's effects on glucose consumption. Oveval,study suggested that rosemary potentiallyeiases liver
glycolysis and fatty acid oxidation by activating/RK and PPAR pathways[54].

Radiopr otective effect

Radioprotective effect of leaves extract of Rosémar officinalis [ROE] has been studied againstyogamma-
radiations in the liver of Swiss albino mice atigas post-irradiation intervals between 12 h andda@9s. ROE
significantly delayed and inhibited the rise in dbebiochemical parameters. Almost normal valuesswth

constituents were regained by day 30th in experiai@mimals; whereas in control animals, normaligalwere not
ever attained. In control animals, there was amatien in lipid peroxidation [LPx] and a decreasegiutathione
[GSH] in blood and liver; whereas in experimentabiup, decline in LPx accompanied by an increas&8H

concentration was observed[55].

Anti-androgenic activity

The antiandrogenic activity mechanism of RO-ext vimgestigated. As an active constituent ef-réductase
inhibition, 12-methoxycarnosic acid was identifieth activity-guided fractionation. These resuliggest that they
inhibit the binding of dihydrotestosterone to argln receptors. Consequently, RO-ext is a promisindge drug
for hair growth[56].

M emory improvement

The effects of subchronic [28-fold] administratioh a plant extract [RE] [200 mg/kg, p.0.] on belwal and
cognitive responses of rats was assessed. Thevpassdidance test results showed that RE improwad-term
memory in scopolamine-induced rats. The extracibitéd the AChE activity and showed a stimulatoffeet on
BUuChE in both parts of rat brain. Moreover, RE proetl a lower mMRNA BuChE expression in the corted an
simultaneously an increase in the hippocampus.stimdy suggests that RE led to improved long-terrmorg in
rats, which can be partially explained by its intidm of AChE activity in rat brain[57].

Antimicrobial, antibacterial and antifungal activities

Antifungal activity of oil of T. vulgaris and O. rfm@ana was assessed. Additionally, antibactendl antioxidant
activities were evaluated. Oils of T. vulgaris a@ majorana showed growth inhibition activity agdin
dermatophytes, especially T. vulgaris oil, whichmgdetely inhibited growth of all tested dermatomsyt The oils
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also showed bioactivity against bacteria, with mimim inhibitory concentration [MIC] values betweep.% and
500 ug/mL. The antioxidant activity of the oils was lowijth effective concentration [EC50] values <ag§0mL.
The major components in the oils were as followsvdlgaris, o-cymenegy-terpinene, thymol and carvacrol; R.
officinalis, terpinen-4-ol and 1,8-cineole; O. nrapa, terpinen-4-ol and thymol[58].

The antibacterial activity of the crude hydroalclih@xtracts, fractions, and compounds of two plapécies,
namely Rosmarinus officinalis and Petroselinumpena was evaluated, against the bacteria that aaursary tract

infection. The fractions and the pure compound @rémt acid did not furnish promising results foraB-negative
bacteria, whereas fractions 2, 3, and 4 gave eaging results for Gram-positive bacteria and aetethactericide
against S. epidermidis as well as E. faecalis [ATZ3212] and its clinical isolate. R. officinalisdléo promising
results in the case of Gram-positive bacteria, Itiéguin a considerable interest in the developmehteliable

alternatives for the treatment of urinary infectfm9].

The relationship between the concentrations ofeltesnponents affects their antioxidant and antdyadtactivities
was investigated. In extracts with similar rosmigriacid contents but differing proportions betwemmnosic acid
and carnosol, the two diterpenes were seen to lgcafébct the in vitro antioxidant activity; howeweand related
with the antibacterial efficiency, this biologicalctivity improved when carnosol was the major gitere
component[60].

Rosmarinus officinalis L. essential oil and thrddt® main components 1,8-cineole [27.23%/]pinene [19.43%)]
and B-pinene [6.71%] were evaluated for their in vitrotibacterial activities and toxicology propertiehe
cytotoxicity of all the test samples on SK-OV-3 wsignificantly stronger than on HO-8910 and Bel-Z4(h
general, R. officinalis L. essential oil showed ajez activity than its components in both antibaateand
anticancer test systems, and the activities werglynelated to their concentrations [61].

The antimicrobial activity was investigated by ttiec diffusion and broth dilution methods agairigtmicrobial
species, including gram-positive bacteria [Stapbyteus aureus and Bacillus subtilis], gram-negabiweteria
[Escherichia coli and Pseudomonas aeruginosa]asat y€andida albicans], and a fungus [Asperqgilliger}. The
most active fraction was the one obtained in expenit 4 [4% ethanol as modifier; extraction press@eMPa;
extraction temperature, 60 degrees C]. S. aureasouad to be the most sensitive bacteria to teemary extracts,
whereas the least susceptible was A. niger. alpharB, 1,8-cineole, camphor, verbenone, and borstaoldards
also showed antimicrobial activity against all thieroorganisms tested, borneol being the most &ffedollowed
by camphor and verbenone. In that way, it was cowfid that essential oil from experiment 4, with thest
antimicrobial activity, presented the highest qugmtf camphor, borneol, and verbenone[62].

The antimicrobial activity and chemical compositiointhe essential oils [EOs] of Thymus algerien&scalyptus
globulus and Rosmarinus officinalis from Moroccoswaported.for the first time ,that minimum inhdsig and
bactericidal concentration values have been regpdaeEucalyptus globulus EO. Result support thesfide use of
this EO as well as Thymus algeriensis EO, as pialemtural agents in preservatives for food andrptaceutical
products [63].

The in vitro inhibitory activity of crude EtOH/H2@xtracts from the leaves and stems of Rosmarirfignafis L.
was evaluated .The bioassay-guided fractionatiorthef leaf extract, which displayed the higher attbrial
activity than the stem extract, led to the ideaéfion of carnosic acid [2] and carnosol [3] astiegor compounds
in the fraction displaying the highest activity, i@entified by HPLC analysis. Rosmarinic acid [f#lgtected in
another fraction, did not display any activity agsithe selected microorganisms. HPLC Analysis akack the
presence of low amounts of ursolic acid [4] anchpt#ic acid [5] in the obtained fractions. The tessuggest that
the antimicrobial activity of the extract from theaves of R. officinalis may be ascribed mainlthe action of 2
and 3 [64]

The antibacterial effect of rosemary on S. inias stadied. Activity of rosemary cultivar Israel wasluced during
the winter, but there was no significant changeuhivars Oranit and Star. Storage of powderedmasg leaves at
50 degrees C resulted in fourfold and eightfoldhkigMIC [24 h] values after 3 and 4.5 months, retpely.
Storage at -20 degrees C, 4 degrees C and 25 deg@rard autoclaving [120 degrees C] each resuttedtwofold
increase in MIC [24 h]. Repeated exposures of i8eito rosemary did not affect minimal inhibitogncentration,
suggesting no development of resistance to roseffi&fy
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The aerial parts of Rosmarinus officinalis wereeased for their antibacterial activities againstint of
Staphylococcus aureus possessing efflux mechamtnesistance. Compound 1 was evaluated agairistia sf S.
aureus possessing the NorA multidrug efflux pumg was shown to inhibit ethidium bromide efflux wih IC50
of 50 microM, but this activity is likely to be mked to the inhibition of a pump[s] other than NorPhe
antibacterial and efflux inhibitory activities ofi¢se natural products make them interesting pefetatigets for
synthesis [66].

The essential oil of Rosmarinus officinalis L. [eosary] was and its major constituents was testathagthe some
microorganisms.The essential oil displayed low\éigtiagainst the selected microorganisms. In thesent study,
the pure major compounds were more active thanefsential oil. Among all the microorganisms testi,

pathogen S. mitis was the most susceptible anddeafis was the most resistant to the evaluateglsaniThis is
the first report on antimicrobial activity of theajpr components of rosemary oil against oral pathed67].

The antiproliferative, antioxidant and antibactertivities of Rosmarinus officinalis essentiall, onative to
Pakistan was investigated and compared. t the noajoponents determined in R. officinalis essemtilalvere 1,8-
cineol [38.5%], camphor [17.1%#-pinene [12.3%], limonene [6.23%], camphene [6.0@#d linalool [5.70%].
The antiproliferative activity was tested againgbd tcancer [MCF-7 and LNCaP] and one fibroblast te# [NIH-

3T3] using the MTT assay. It is concluded from tlesults that Rosmarinus officinalis essential odhibited

antiproliferative, antioxidant and antibacterialiaties [68].

The essential oils of rosemary [Rosmarinus offiiind.] and sage [Salvia officinalis L.] were tedtéor their
antimicrobial and antioxidant activities. Investig@ essential oils reduced the DPPH radical forondtiC50 = 3.82
microg/mL for rosemary and 1.78 microg/mL for saijed dose-dependent manner. Strong inhibition®ir.both
systems of induction was especially observed feretbsential oil of rosemary [69].

The antimicrobial and antifungal tests showed akwaetivity of Sardinian rosemary. On the other haad
inductive effect on fungal growth, especially tod&usarium graminearum was observed [70].

Antiplatelet activity

The antiplatelet activity of carnosic acid. Carwoatid was investigated. In contrast to the infohiof arachidonic
acid-induced platelet aggregation, carnosic acid ha effect on the formation of arachidonic aciddiaged

thromboxane A2 and prostaglandin D2, thus indicatimt carnosic acid has no effect on the cycloergge and
thromboxane A2 synthase activity. Overall, thessults suggest that the antiplatelet activity ofncaic acid is
mediated by the inhibition of cytosolic calcium nidation and that carnosic acid has the potertiabeing

developed as a novel antiplatelet agent[71].

Anti-Anxiety

The effect of the hydroalcoholic extract ofRosmasifficinalisL. on anxiety in mice was evaluatétie rosemary
extract, similar to the standard drug diazepamweldoan anti-anxiety effect. This effect is probablye to the
presence of flavonoids in this plant and their@itlant property [23].

Anti-Alzheimer

The therapeutic potential of these compounds fahdiimer's disease [AD] is studied. The multifunatibnature of
the compounds from the general antioxidant-mediatagronal protection to other specific mechanisnttuding
brain inflammation and amyloid betafjAformation, polymerisation, and pathologies iscdssed[34].

Anticancer

The anticancer effects of rosemary was reporteditamés demonstrated molecular mechanisms relatdtigse
effects and the interactions between rosemary amcertly used anticancer agents. The possibilityusing

rosemary extract as a complementary agent in cathegapy in comparison with its isolated componests
discussed[72].

Carnosic acid, carnosol, and rosmanol with prorgisigsults of anti-cancer activity was evaluatedeskhstudies
have provided evidence of diterpenes to modulategigated signaling pathways in different solid dridod
cancers. Rosemary extracts and the phytochemtoadsinh appear to be well tolerated in differentr@adimodels as
evidenced by the extensive studies performed fgrayal by the EU and the FDA as an antioxidant food
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preservative. This mini-review reports on the pieical studies performed with carnosic acid, cawip and
rosmanol describing their mechanism of action ffedént cancers [73].

In vitro and in vivo studies carried out towardsdarstanding the molecular mechanisms of carnosit acd
carnosol leading to inhibition of prostate cancaswxamined. The reported findings suggest thattphelyphenols
target multiple signaling pathways involved in cejicle modulation and apoptosis. Further work iguned to
understand its potential for health promotion aateptial drug discovery for prostate cancer chemegmtion [74].
The genotoxic and mutagenic potential of esseptlabf R. officinalis in rodents, using comet, mdaucleus and
chromosome aberration assays was investigateddRBaséhe comet assay, all three doses of rosenilairydoiced
significant increases in DNA damage in the moudks.cEhere was a significant increase in micronatdd cells
and chromosome aberrations only at the two higlemesl We conclude that rosemary essential oil fpes/o
genotoxic and mutagenic effects when administeraliyq75].

The expression of bcl-2 and bax genes in the lagrcer cell line HepG2 after apoptosis induced $sestial oils
from Rosmarinus officinalis was investigated. Esis¢rils from Rosmarinus officinalis can affectetipattern of
bcl-2 and bax genes expressions, and this mayaseréne apoptosis of liver cancer cell line Hep@3].[

Anti-tumour, anti-diabetic, antibacterial and neunatective properties of Salvia fruticosa [Cretaage] and
Rosmarinus officinalis [Rosemary] was investigate®l. fruticosa and R. officinalis were searcheddgiochrome
P450 [CYP] encoding genes potentially involvedhia synthesis of the first phenolic compound inG@Aepathway,
ferruginol. Three candidate genes were selecteBS,SRoFS1 and RoFS2. Using yeast and N. benthamiana
expression systems, all three where confirmed todaiing for ferruginol synthases, thus revealing émzymatic
activities responsible for the first three stesliag to CA in two Lamiaceae genera [77].

Antidermatophytic activity

It was investigated that whether a Rosmarinus ioffics extract could improve the skin flap survivi this study,
21 Wistar albino rats were divided into three gmuphe mean percentage of the flap survival aredsvassel
diameters were significantly greater in the Grotipand IIl than in the control group [p < 0.05]. &hresults
revealed that the topical use of the Rosmarinusinéflis extract can increase the flap survivayifig].

the efficacy of a combination of rosemary [R. dffalis] and grapefruit [C. paradisi] in decreasthg individual
susceptibility to UVR exposure [redness and lipogites] and in improving skin wrinkledness and ttéty was
investigated.The long-term oral intake of Nutrox8linan be considered to be a complementary nutriticaiegy to
avoid the negative effects of sun exposure. Thatwmat mechanism for these effects is most likelyake place
through the inhibition of UVR-induced reactive oxyg species and the concomitant inflammatory markers
[lipoperoxides and cytokines] together with thenedt action on intracellular signalling pathwayg].7

The antifungal activity of hydroalcoholic extradtem R. officinalis and T. riparia against straimfsTrichophyton
rubrum, T. mentagrophytes and Microsporum gypsewas inwvestigated. Both extracts showed good actiamat
dermatophytes, inhibiting fungal growth and causaltgrations in their hyphae. Therefore, R. offidis and
T. riparia are potential sources of new compoundshfe development of antifungal drugs[80].

the effect of essential oil of Rosmarinus officigdl. [Lamiaceae] on the transdermal absorptioNafdiclofenac
from topical gel was investigsted .This study pibitee enhancing effect of 0.5 and 1% of rosemasgm®sal oil on
diclofenac percutaneous absorption[81].

The effects of extracts and purified compounds ffoash leaves of Rosmarinus officinalis L. was ea#éd. In
vitro, we showed that ethanolic extract, carnosiicl @and carnosol significantly inhibited the overguction of
nitric oxide [NO] in a dose-dependent manner inR#aV 264.7 murine macrophage cell line. For thetftirme in
vivo, we showed that CA and CS differentially reagel the expression of inflammation-associated gethes
demonstrating the pharmacological basis for theiaftammatory properties reported for CA and Cg[82

Anti-tumor

A rosemary extract standardized to carnosic acid esaluated for its potential in disrupting the @pldsmic
reticulum machinery to decrease the viability obgtate cancer cells and promote degradation oftiteogen
receptor. The results are especially significanitas becoming more likely that individuals willebreceiving
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standardized rosemary extracts that are a parhafwral preservative system in various food pragans. Taken a
step further, it is possible that the potential éfta that are often associated with a "Meditereem®iet" in the
future may begin to extend beyond the Mediterrandiah as more of the population is consuming stedided

rosemary extracts[83].

The modulatory effects of R. officinalis was mon#d on the basis of the average latency periodotuntidence,
tumor burden, tumor yield, tumor weight and diameis well as lipid peroxidation and glutathionedevlhe
results indicate that R. officinalis leaves extreotild prolong the latency period of tumor occucesndecrease the
tumor incidence, tumor burden and tumor yield. Thwerage weight and diameter of tumors recorded were
comparatively lower in the rosemary extract treatexlise groups. The level of lipid peroxidation wagificantly
reduced in blood serum and liver. Furthermore, etegl levels of glutathione were restored in RE-aistered
animal groups. Thus, at a dose rate of 500 mg/kly met/mouse, the oral administration of rosemaryraet was
found to be significantly protective against twage skin tumorigenesis.[84]

Antioxidant, anti-inflammatory, cytostatic, and oigxic activities of crude extracts or of pure caments of
Rosmarinus officinalis was examined. Main composenf rosemary extract were identified by liquid
chromatography coupled to tandem mass spectroflédfESI-MS/MS] and the effect of the crude extractof
pure components on the proliferation of cancersoglis tested by MTT and Trypan blue assays. Tleetedin cell
cycle was investigated by using flow cytometry, ahd alteration of the cellular redox state waslwatad by
intracellular ROS levels and protein carbonylatemmalysis. Furthermore, in order to get informatadyout the
molecular mechanisms of cytotoxicity, a comparagiv@eomic investigation was performed[85].

the anti-proliferative activity of Rosmarinus offielis and Salvia officinalis extracts against aancells was
examined .The rosemary extract developed more proesl antioxidant, cytotoxic and immunomodifying
activities, probably due to the presence of befuliacid and a higher concentration of carnosic dnidts
phytochemical profile[86].

The antiproliferating activity of rosemary extrdRE] against human ovarian cancer cells was evaduathis study
showed that RE inhibited the proliferation of oearicancer cell lines by affecting the cell cyclematitiple phases.
It induced apoptosis by modifying the expressionmaitiple genes regulating apoptosis, and holdsmt@l as an
adjunct to cancer chemotherapy [87].

CONCLUSION

Rosmarinus officinalis was shown to possess loteealling activity. Medicinal properties of its eatt, essential
oils, its stems and leaves should be further exadchtn be able to diagnose other useful and unkrmreperties of
this valuable plant.
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