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Determination of Antiviral Activity and Cytotoxicity
of Selected Sage (Salaia L.) Species

Berrin ÖzÇELiK*, iükay ERtOĞAN ORHAN--,***,., Yüksel KAN***+

Detemi.natioıı oİ Aırtioifaı Actıoity and cytotoxicity oİ
Selected Sage (Salıia L.) Species

Summary
Tfu objecıiue of lhis stuılv was ıo cxqmine antiviral oroo-
erty and cytotoxicitv of lhe exlracts prepared from tİıe le
le_cted Sah,io Spccies (Lomiaceae) groİiİg in İurkev. The
chloroJorm and melhanol extracla lfom l4 Salaiı İpecics(S. albimaculata, S. aucheri aar. canescens, S. caİdidis-
sima subsp. occidentalis, S. ceratophvlla, S. cruoloİİİİ.
5. cyanescens, S. frigida, S. forskahİei, S. lal1İnila. S.
migrcsle7ia, S, ınullicaulis, S-. sclarea, S, suriacİ, and S
uerticillata subsp. anıa;iaco) wefe tcsled aİainsl İİİpİİ
sımplex (type-l, HSV-'I) and Parainfluenİa (tule-3.'Pt-
3) using,Madin-Darby Bouine Kidnğ and Ve-"[aİİiİrr.
Lylotoxi:ity of the extracts was deteimined as maximum
non-loxic conc?ntrations (MNTCst. The chloroform ex
l_rqcl.s ot' S cyanescens and S. microslegia .rrr'İuİa'İİ
ınhübit both, HSV-I and Pl-3 effectiııel|, Theref1re, lhese
|p:|:es 

could,proceed to furlher eualuİlion foİ their pos-
slbü e an t ıuI ral components.
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Seçilen Adaçayı (Salııia sp) Tüıleinin Antioiral
A k fiiJ i t e si o e s itot ok si si te sirı irı Tayiııi

özet
Bu .ço.Iışmanın anıacı, Türkiye'dc yelişen bazı Salı,io
lüılerinin l Lanıiaceae) antiı,iril ozctliği uı siıotoksisiıesini
incelemektil. 14 Salıia tırının ('S. albimaculata, i.
aucheri ııar. canescens, S. candidissinıa subsp. occiılenİalİs,
S. ccralophylla, S. crvptantha, S. cyanescİns, S, friçida_
|. Jor.skahlei, S. halophila, S. migroİtegia, S. mutİkİuli|,
5. sclarea,5. syriaca rc S. I1erticillaıa subsp, aınasiacaü
klorolorm .,e methanol ekstrelcri Herpes siİnııIex ltin-l
H SV- 1 ) 

^ıe, 
Pa ra i nfl uen zu' yıı ( l ip. 3. İ' 1 - 3 ) kİr ş ı Uaİ iİ -

Darby _Bo?ine Kidney ı,e Vero hücre halları kullanılarak
lesl ldilınişlir. Ektrelerin si|oı.oksiiltcsi ııaksımuın non-
loksik kon1antrasyon (MNTcl olarak layin iliıriiiıi'i
ryanescpns ue S. mıcroslcRio'nın klorolÖrm ekslreİcrınin
hen HSV-I'i, he,n de p1-3'ii etkiti b ş;kitde inlıiıe eİıiİ;
bıı_lıınmuşt u r. Dolayısıyla. bu l ijrlerin'n,ulrl"nn|ü İİlİİ'ir"o'lbılcşikkri açFüfldan daha ileti değerlendirmcye labi
tutulabilir.

Ana_htar,Kelimeler: Salıiı, Iamiaceqe, anti1iral aktiılite,
5itotoksisitp
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INTRoDUCTION nowaimed to screen antiviral activityof thenon-polar
Lamiaceae species have been used all ovel the world (petroleum eüer, chloroform) and polar (methanol)
for seasoning and phytotherapeutical purposes, as extracts of seIected Salaıa species. For this PurPose;food and beverage and also in perfumes. The genus the chloroform (CHClr) and methanol (MeoH)
saluia (sage\, the largest genus of Lamiaceae fami]y, extracts obtained f.om İhe aerial parts of fourteenis comprised of approximately 9o0 species all over Salr.ıia species inclu ding S. albimaculataHedge & Hub.,the world, Salzlia is one of the Plant genera having S. auch)ri Bentham var. canescens Boiss. & Heldr., S.the longest history with folkloric utilizatio., u-orrğ canditlissimı Yah|. subsp. occidentalis, S_ ceratophyllaL.,culinarY and medicinal herbs and has been reporteJ S. cryptanthaMontb.et & ı..,thu-, s. cyanesceıısBoiss.to be used traditionally for antibacterial purposes in t aai., s. t'ıigida Boiss., S. forskahlei L., S. tıalophilavarious Parts of the world (1,2), In Turkey, this genus Hed,ge, S. migrostegia Boiss. & Bal., S. multkaulis yahl.,
is represented by about 95 species, 46 of which are S. sc|area L., S. syriacal., and 5. ıerticillata(L.) subsp.endemic (3), Among the species of Salaia growing amasiaca (Freyn &Bornm.) Bomm growing in Tiırkeyin TurkeY, S, fficinalis, S. triloba, S. dichroantha, İ. -"." assessed against DNA virus Herpes simplexmulticaulis, S. tomaıtosa, and, S. a/rgcfa were recorded (HSV) and RNa virus ParainJluenm (PI-3) usingto be used as antiseptic and wound healing purposes Madin-Darby Bovine Kidney (MDBK) and Vero cellin Anatolian folk medicine as herbal tea (4). lines. cytotoxicity of the extracts was determined as

Although many studies have been reported about 
maxrmum non-toxic concentrations (MNTCs),

antibacterial or antifungal activities of Saluılı species MATERIALS and METHODSup to date, only a few studies described antiviral Plant materials
activity ofthe mentioned species, Taking the positive collection sites and herbarium numbers of theresults that we have obtained from our previous respective Turkish Sıı/uıa species used in this sfudyrePorts on antiviral activity and cytotoxicity of u." giu"., in Table 1. Voucher specimens of allvarious edible Plants into account (5,6), in our studİed species are preserved at the Herbarium ofon8oin8 extensive studies on Tiırkish_Saluia species Faculty of ıharmacy of Ankara u.,ıve."ity, a.,u.a,for their various bioIogical activities (7,14), we have rrrı."y. rı,u rp".i"s were identified by Prof. Dr. Hayri
Table 1. collection sites, dates and herbarium numbers of Turkish saltıia species used

S. albimflculata Hed+e &HlJb.
s. auchefiBentham var. caıesceııs Boiss. & Heidı
S. candidissima Yah]. subsp. occidentalis

S. coatophylla L.

S. cwtantha Montbret & B€ntham

S. cyaıesceıs Boiss. & Bal.

S. fıigida Boiss.

s. halophila Hed}e
s. ,rı,8ros'e8ia Boiss & Bal.

S. ınulticaulis Vahl.
S, sclarea L.

S. syriaca L.

s. oe iciılata (Lt. subsp. anusiaca l rfew f, \omm.)
Boftllrü-

Balkusan-Errnenek, Konya
Ermenek-Gülnar, Konya

Ermenelç Konya

Ergani-Maden, Diyaıbakir

Belııam Forest, Ankara

Beynam Forest, Ankara

Ermenek town, Konya

Kaıakulluk town, Konya

Ermenek-Tekecati, Konya

Ergani-Maden, Dyarbakir
Bozkir, Konya

Hadim-Bozkiı, Konya

Cubuk-Karagöl National Park,
Arüara

Jıııe, 2005

June, 2005

June, 2005

June, 2005

June, 2005

June, 2005

June, 2005

June, 2005

June, 2005

June, 2005

June, 2005

June, 2005

Jı.ıly, 2005

AEF 23520

AEF 23525

AEF 23522

AEF 23559

AEF 23614

AEF23,62}

AEF 23528

AEF 23649

AEF 23523

AEF23561

AEF 23521

AEF 23530

AEF 23552

sarı,ia species
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Duman from Department of Biology, Faculty of Art
and Science, Gazi UniversiÇ, Ankara, Turkey. The
voucher specimens are deposited at the Herbarium
of FaculÇ of Pharmacy, Ankara Univer5ily, ,4ı.1[216,
Turkey, except ior S. forskahlei, which was identified
by Dr. Salü Terzioglu of Department of Forest
Botanic, Faculty of Forestry Karadeniz Technical
Univelsity, Trabzon, Türkey. The voucher specimen
of S. forskahlei is preserved at the Herbarium of
Department of Pharmacognosy, Facul§ of Pharmacy,
Gazi University, Ankara, Tuıkey.

confirmed by spraying the plates with 59i, AlCl.
in eüanol. The results showed clear existence
of phenolics and terpenes in the MeOH extracts,
particularly.

Cell lines and growth conditions
Vero (African green monkey kidney) and Madin-
Daıby bovine kidney (MDBK) cell |ines used in
this study were obtained from the Department of
Virology, Faculty of Veterinary, Ankara University,
Turkey. The cell culfures were gfown in Eagle's
Minimal Essential Medium (EMEM) enriched wlth
10% fetal calf serum (FCS) (Biochrom, Germany), 10O
mglınl of streptomycin and 100 lUlml of penicillin
iı a humidified atmosphere of 5% Cq at 3rC,
and harvested using trypsin solution (Bipco Life
Technologies, UK).

Test viruses
|n order to determine the antiviral activiw of üe
extracts, Herpes simplex airus (type ı, HSV-ı) and
Paraiııfluenza 3 ıirus (PI-3) were employed. The
test Viruses were obtained from the DePartment of

Y.:ar, Faculty of Veterinary, Ankara University,
Turkey.

Prepaıation of the extracts
The Saluia species used in this sfudy were weighed
accurately about 6.0 g and successivelv extracted
with CHCI. (Merck, 250 ml) and then MeoH
(Merck, 250 ml). After filtration, the organic
phases were independently concentrated iız uacuo
by evaporating to dryness. The crude extracts
obtained were immediately stored at -20"C until üe
exPeriments were started and employed in antiviral
and cytotoxicity assays. 7o Yields of the CHCI^ and
MeOH extracts (w/w), respectively, are as folloİs: S.
albimaculata (4.56 and 13.457"|, S. aucheri v ar. caııescens
(5.44 and 17.80%), S. candidissimı sıbsp. occidentalis
(4.98 and 15.67%), S. ceratophylla (3.29 and 19,21%),
S. cryptantha (5.01 and 17.68%), S. cyanescells (5.09
and 12.37"o\, S, frigida (4.99 and 15.88%), S. forskahlei(5..77 and 13,99%), S. halophila (4.76 ana ıi.oız;, s.
migrostegia (4.55 and 19.02o/"), S. multicaulis (3.76 and
14.4590|, S. sclarea (4,56 and l6.980.0), S. syrİaca (6.03
and 13.91%), and S. aerticillata subsp. anasiaca (4.07
and 75,440/").

Preliıninary phytochenıicaI €xamination of th€
extracts
An aliquot of each extract was spotted onto the silica
gel plate (Silica gel coated TLC plates; Merck) with
a developing solvent system of ethyI acetate:glacial
acetic acid:formic acid:water (10O:11:11:27). The"spots
were checked under a uv detector at 254 nın and
365 nm wavelengths. Platcs were visualized under
UV light and later sprayed with chromogenic agents
including anis aldehyde-sulfuric acid 1lor terpenes
and steroids), iron (IIl) chloride (for phenolic
compounds including flavonoids) and Dragendorff
(for alkaloids). Presence of flavonoids was further

AntiviraI activity assays
Following placement of media (EMEM) into each
wel] of the 9çwell microp|ates (GreherR, cermany),
stock solutions of the extracts were added into fiıst
row of microPlates and two-foId dilutions of the
extracts (512-0.25 p8lml) were made by dispensing
the solutions to the remaining wells. Two-fold
dilutions of each material were obtained according

'o !og,:" the micropIates. Acyclovir (Biofarma Coj
and oseltamivir (Roche Co.) were used as references.
Strains of HSV and PI-3 titers were calculated bv the
Frey and Liess method as tissue culture infecting
dose (TCiD*) and were inoculated into all the wellİ
(15). The sealed microplates were incubated in 57o
CO, at 37.C for 2 h to detect the possible antiviral
activities of the samples. After incubation,50 pl
of the cell suspension of 300.000 cells/ml, which
were prepared in EMEM together with 5% fetal
bovine serum, were Put in each well and the Plateswere incubated in 5% CO" at 37.C for 48 h. After
the end of this duration, the cells were evaiuated
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usin8 cell culfure microscope (x ,100), comParin8
with treated-untreated controI cultures as well as
acyclovir and oseltamivir. Consequently, maximum
cytopaüogenic effect (CPE) concentrations as the
indicator of antiviıal activities of the extracts were
determined (6).

cytotoxicity
The maximum non-toxic concentration (MNTC)
of each sample was determined by the method
described previously based on cellular morphologic
alteration (5,6). Several concentrations of each
sample were placed in contact with confluent cell
monolayer and incubated in 5% Co, at 37"C for 48 h.
MNTCs were determined by comParing treated and
controlling untreated culfu res.

RESULTS AND DISCUSSION
Antiviral action of twenty-ei8ht extracts belonging
to fourteen Saluın species was evaluated againsi
HSV and Pt-3, the ubiquitous human pathogens. As
tabulated in Table 2, the CHCI. extracts belonging
to S. glbimacuLlta, S. cyanescoıs, and S. migroskp; ;
well as the MeOH extracts of S. halophila and S. İclarea
were active asainst HsV whiİe Üe CHCI. extracts of
S, cyanescens and S. migıostegia and the MbH extract
of S. ceratophylta inhibited PI-3 in range of 32-1 sıg/ml CPE inhibitory concentrations. In particular, ĞCHCI extract belonging to S. cyanescenshad a quite
remarkabie activity (16-1.0 pglml) against HSv
with a better MNTC value $a yıg/rrıL) üan that of
acyclovir (16 pg/ml), while the same extract had
also a moderate inhibition against PI-3 (16-1.0 (Lg/
ml) as compared to oseltamivir (3?- <0.25 pB/;\.
Additionally, the CHCI. extract of S. migİstegia
exerted a very similar inhibitory effect towards Pİ-E
to lhat of S. cyanesceırs, whereas its cytotoxic property
was lower than th at of S. cyanescens and as potent a;
oseltamiviı

three main comPonents (1,8-cineole, thuione, and
camphor) displayed cytotoxic activity against
African Green Monkey kidney (Vero) cells and high
levels of virucidal activity against HSV (17). In
another Previous study, the main comPonents of the
essential oil of S. syriaca col|ected from jordan were
shown to contain thymol, <ı-pinene, and isobomyl
acetate (15.5%, '12.6./", and 12.0%, respectively) as
the maior constituents, which might be similar
to that of our sample oİ 5. syriaca, since both of
the countries Çordan and Turkey) are affected by
the Mediterranean climate (18). In another study,
isobomeol, a monoterpene widely encountered in
essential oils, was reported to be a potent inhibitor
of HSV-1 that supports high antimicrobial effect
of S. syriaca (19). On the other hand, rosmarinic
acid, bıoadly found in Salaıa species and the rest
of Lamiaceae family, has been stated to possess
antibacterial and antiviral activities (20). In İ recent
sfudy performed by our group on phenolic acid
analysis (rosmarinic, gallic, caffeic, and chlorogenic
acids) on Turkish Sa,laia species using a new validlted
method by reversed-phase HPLC (21). phenolic acid
quantities in the species examined have been found
to be similar to some extent and phenolics could be
specuIated to be accountable for antiviral effect of
the salui, extracts sfudied.

Many phenolics including flavonoids have been
known to possess antiviral activity a8ainst various
virus types (22). Consequently, phe.,olics might be
speculated to be the maior contributor to notable
antiviraI activity of Saluıa species.

In conclusion, our results indicated that the extracts
of S. cyanesceııs, S. albimaculata, S. migrostegia, S.
halophila, and S. sclarea may desewea furtheranalysis
from the viewpoint of chemical identification of their
active constifuents. To the best of our knowledge,
this is the first report describing antiviral activity aİd
cytotoxicity of above-mentioned Sız/uia species.
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There have been only a few reports on antiviral
activity of Salaia species up to date. For instance; S.
migrostegia growing in Lebanon, which displayeda marked antiviral activity agahst HSV and
PI-3 in our study, was reported to contain a high
amount of caryophyilene oxide (16). In anoth"er
sfudy carried out on S. fuficosa essential oil, its
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Tabl€ 2. Antiviİal activity and cytotoxicity results of üe extracts of the sıılı,i4 sPecies

s. aucheri var. caıescens

s. albiııaculato

S. candidbsimı sp. occidentalis

S- coatophylla

S. clonelcefl;

S. crypthaıthL

S. fılqidt
S. halophila

S. migrostegia

s. multicaulis

S. sclareı

S. syriaca

S- aeikilıota ssP. aıasiaca

64

64

64

128

64

64

64

64

64

64

64

64

-c

16

1,6

64

8

1

16

16

16

16

16

u
8

16

32

16

32

u
64

16

|6

1,

s. aucheri var. caıesceııs

S. albiıngclülata

S- candidissiıtu subsp, occideııtalis

s. ce\atoPhyııa

S. cyanesceıs

S. cryplhanthq

S. fnsido

S. hılophila

S- ınigo\tegiq

s. multicaulis

S. sclqreq

S. syriıca

s. aelicilıata subsP, amasiaca

u
64

64

u
64

64

64

u
64

64

64

64

64

32

32

1,6

16

64

u
128

64

64

64

12a

128

128

128

64

u
64

32 16

Acyclovir

oseltamivir

a Maximum non_toxic concentration
b cytoPaüo8enic effect
c No activity observed
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