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Two flavonids: 5-hydroxy-6,7,4 -́trimethoxy flavone (salvigenin), 5-hydroxy-7,4 -́dimethoxy flavone 
(thitonine) and a labdane type diterpenoid: 8,13-epoxy-14 labdene (manoyl oxide) isolated from the solvent 
extract of the aerial part of Salvia reuterana Boiss.The proposed structure were stablished by 1HNMR, 
13CNMR, 2DNMR( C-H-Cosy, HMQC),DEPT and Mass spectroscopy and confirmed in accordance with 
bibiliographic data and computational chemistry results. The three components were evaluated against 7 
microorganisms including gram(+/-)bacterias by measurment of growth inhibitory zone. They showed 
significant effect specially on gram(-) bacterias and in this way the most effective component was thitonine 
which was even more effective than Gentamicine as standard antibiotic.
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INTRODUCTION

Within the Lamiaceae family, the oil 
rich genera are mainly in the subfamily 
Nepetoidea,the genera is classified in tribe 
Menthae of subfamily Nepetoideae[1].  Salvia 
is one of the members of tribe Menthae with 
about 700 species distributed all over the 
world. In Iran the genus Salvia is represented 
with about 60 species. 17 of which are endemic 
and distributed all over the country [2,3]. 
Some of Salvia species feature prominently 
in the pharmacopoeias of many countries 
throughout the world[4-10]. Previous 
chemical investigations on different species of 
Salvia  have shown the presence of flavonoids 
[11-16], diterpenoids[17-25] and even the rare 
sesterterpens[26-29]. Salvia reuterana is one 
of the widespread species in Iraq and Iran, 
The essential oil composition and antibacteri-
al activity of essential oil [30-32], α-Amylase 
inhibitory [33], free radical scavenging activity 
of ethanolic extract [34], Anoxiolytic and 
sedative effects of hydroalcoholic extract[35] 
and cytotoxic activity [36] of S. reuterana have 
been investigated before.
To the best of our knowledge S. reuterana has 
not been investigated for the three compounds 
we found, although these components have 
been isolated and reported from the other 
species. Flavonoids are characteristic constitu-
ents of green plants with the exception of 
algae andhornworts.They occure in virtually 
all plant parts 
including leaves, roots, wood, bark, pollen, 
nectar, flower, berries and seeds. An important 
feature of the distribution of flavonoids in 
plants is the strong tendency for taxonomi-
cally related plants to produce similar types 
of flavonoids. Thus, useful information about 
the flavonoid types likely to be encountered 
in a plant under investigation may often be 
gained by reference to the literature pertaining 
to previous flavonoid studies of related plants, 
e.g. from the same genus or family [37,38]. In 
subfamily Nepetoidea and the genus Salvia 

different kinds of flavonoids have been 
reported [39].
There are many reports of the two isolated 
flavonoids (compounds 1, 2) in the 
literature[40-45], and biological activity of 
them have been investigated before [46-50]. 
Compound (3) is a diterpenoid with  a labdane 
skeleton [51, 52] and different isomers of the  
compound have been isolated from different 
genus [53-55]. The biological activity have 
also been reported[56-58].

EXPERIMENTAL

Plant material: The aerial parts of Salvia 
reuterana Boiss. Was collected during the 
flowering stage in june 2005 from Shool-Abad, 
Lorestan province of Iran. Voucher specimen 
is deposited at the herbarium of the Research 
Institute of Forests and Rangelands (TARI), 
Tehran, Iran.
Extraction, Fractionation and Isolation: The 
shade dried powdered aerial parts (500 gr) 
of S. reuterana was soaked in n-hexan,ethyl 
acetate,methanol(1:1:1) for about one week, 
after filtration , the solvent was evaporated 
in a rotavapour at 40-50° C , under reduced 
pressure. A semisolid green material obtained 
was solved in a little amount of methanol 
and was stored under 10°  C for 24 hours, the 
waxy precipitate was removed by filtration 
and the filtrate evaporated in vacuum to 
afford a syrupy residue(10 gr) and then was 
mixed and powdered by Silica gel, particle 
size 0.040-0.063 mm(230-400 mesh ASTM). 
The green powder was fractionated by CC on 
silica gel eluting with n-hexan followed by a 
gradient of Et2O up to 100% and then MeOH 
of increasing polarity affording  26 fractions. 
After using TLC (Silica gel 60F 254) , we mixed 
equal fractions and the fractions reduced to 9. 
In fraction eluted with Et2O-MeOH (95:5), 
the light green cubic crystals appeared , it was 
washed by Et2O  to purify(compound 1). 
Fractions eluted with ether-methanol (40:60) 
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this study were purchased from Merck Co. 
Ltd.

RESULTS AND DISCUSSION
Isolation and purification of two flavones and 
a diterpenoide was done. They were identified 
as:

Compound 1: m.p=188°C , M+ at m/z=328 
corresponding to the molecular formula 
C18H16O6 , 1HNMR(300 MHz,CDCl3 , 
δ, ppm, J/Hz) : 12.78(1H,s,OH),7.83(2H,d, 
8.9,H-2 ,́H-6  ́), 7.02(2H, d, 8.9, H-3 ,́ H-5  ́), 
6.59 (1H, s, H-3), 6.55( 1H,s, H-8), 3.98(3H, 
s, Me-6), 3.97(3H,s, Me-7), 3.90(3H,s, Me-4 ́)́ 
; 13CNMR(75MHz,CDCl3, δ, ppm): 164.43 s 
(C-2), 104.50 d ( C-3),183.08 s (C-4),153.63 
s, (C-5), 132.99 s (C-6), 159.12 s (C-7), 90.95 
d (C-8), 153.44 s (C-9), 106.51 s (C-10), 
123.92 s (C-1 )́,128.41 d (C-2 ,́ C-6 )́,114.91 
d (C-3 ,́C-5 )́, 163.00 s (C-4 )́, 55.94 q (Me-4́), 
56.71 q (Me-7),61.27 q (Me-6). The C-H Cosy 
spectra shows correlation between protons and 
carbons as well, given in figure 1.

Compound 2: mp= 168-172°C, M+ at m/z 
298 corresponding to the molecular formula 
C17H14O5 ,1HNMR (300MHz,CDCl3 
, δ, ppm, J/Hz) :12.83 (1H,s,OH),7.85 
(2H,d,8.9, H-2́, H-6 )́, 7.02(2H,d, 8.9,H-3 
́,H-5 )́, 6.59 (1H,s,H-3), 6.49(1H,d,2.16,H-
6),6.37(1H,d,2.16,H-8),3.91 (3H,s,Me-7),3.89 
(3H, s, Me-4 )́ ; 13CNMR(75 MHz, CDCl3, δ, 
ppm): 165.82 s (C-2),98.432 d (C-3), 182.844 
s (C-4), 162.58 s (C-5), 104.74 s (C-6), 164.41 
s (C-7), 93.01 d (C-8),162.98 s (C-9), 105.95 s 
(C-10),123.96 s (C-1 ́), 158.09 s (C-4 ́), 128.43 
d (C-2 ,́C-6 )́, 114.89 d (C-3 ,́C-5 )́, 55.92 q 
(Me-4 )́, 56.18 q (Me-7).

Compound 3: M+ at m/z=290 corresponding 
to the molecular formula C20H34O.  
1HNMR(300MHz,CDCl3,δ,ppm,J/Hz) :
5.93(1H, dd, 17.27, 10.67, H-14), 5.23(1H, 
d, 17.27, H-15 )́, 5.04(1H, d, 10.67, H-15), 
1.29(3H, s, Me-17), 1.17 (3H, s, Me-19), 
0.87(3H, s, Me-16), 0.80(6H, s, Me-18, 

to ether-methanol (10:90)was submitted 
to repeated CC on silica gel with a gradient 
of  n-hexane-ether, methanol mixture, in the 
fr. Eluted with n-hexane-ether (1:1) , the 
yellowish crystalline needle appeared and 
purified after washing by Et2O (compound 2).
The Fr. eluted with Et2O-MeOH (4:1) 
followed by TLC(Silica gel, n-hexan-Et OAC 
2:1) showed 3 spots under UV (254 nm). After 
spraying a (1:1) mixture of Acid Sulfuric 5% 
in EtOH, Vanillin 1% in EtOH and 110° C 
heat on hot plate ,another spot was appeared 
with a lower Rf  . Preparative TLC was used 
many times to obtain the pure compound 3.
Microorganisms: A collection of 7 microorgan-
isms was used , including gram(+/-) bacterias, 
Staphylococcus aureus (PTCC 1113), Staphylo-
coccus epidermidis (PTCC 1349),Bacillus 
subtilis (PTCC 1023), The gram (-) bacterias, 
Salmonella para A(PTCC1230) , Escherichia 
coli (PTCC 1330) Shigella flexneri (PTCC 
1234), Psudomonas aeiuginosa (PTCC 1310) 
identified by Research Center of Science 
and Industry, Tehran, Iran. Microorganisms 
(obtained from enrichment culture of the 
microorganisms 1 mL of Muller-Hinton broth, 
incubated at 37° C for 12 h.) were cultured on 
Muller-Hinton Agar medium. After drilling 
wells on medium oils dissolved in n- hexane 
and 50 μL from solutions (30 mg/L) was 
applied to each well.. After 24 h. of incubation 
at 37 ° C, diameter of inhibition zones were 
measured . A blank containing only n-hexane 
showed no inhibition in a preliminary test. 
Each test was carried out in triplicate and the 
average was calculated for inhibition zone 
diameter . Controls were performed with 
Gentamicine as standard antibiotic (10μg) 
general experimental procedures.
Instrumental: 1HNMR(300MHz) and 
13CNMR(75MHz) spectra were recorded on 
a Varian GEMINI 300 and a Bruker DRX 
500,in CDCl3 , with residual solvent peak as 
int. reference. The Mass runs were performed 
using a Mass Specterometer 8430, Finnigan-
Mat, Magnetic Sector, 70 ev, scanning rate:0.3 
scan/decade. The chemicals and solvents for 
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Me-20) ; 13CNMR(75 MHz, CDCl3, δ, ppm): 
45.35 t (C-1), 18.82 t (C-2),44.74 t (C-3), 33.77 
s (C-4), 61.90 d (C-5), 20.90 t (C-6), 42.38 t 
(C-7), 75.17 s (C-8), 56.47 d (C-9), 40.08 s 
(C-10), 19.46 t (C-11), 39.65 t (C-12), 74.02 
s (C-13), 146.40 d (C-14), 111.58 t (C-15), 
33.62 q (C-16), 27.62 q (C-17), 15.75 q (C-18), 
24.61 q (C-19), 21.87 q(C-20); DEPT spectra 
(figure2) also shows 8 CH2 groups at δ=18.80, 
19.48, 20.89, 40.07, 42.37, 44, 75, 45.34, 
111.62 corresponding to carbones: 2, 11, 6, 
12, 7, 3, 1, 15 respectively. The correlation 
between carbones and protons is obvious in 

HMQC spectra as well, specially between 
H-15 , H-15  ́ and C-15 ; H-14 and C-14, also 
between 5 methyl groups and corresponding 
carbones ( figures 3,4).
Antibacterial activity of the isolated compounds 
were determined against 7 microorganisms 
including gr(+/-) bacteria by measurement 
of growth inhibitory zone. They showed 
significant effect and in this way the most 
effective component was compound 2 , which 
was even more effective than Gentamicine 
as standard antibiotic on bacteria, results are 
listed in table 1.

Inhibition Zone*

54321)-/+(Gram Microorganisms

12111213+
Staphylococcus aureus
PTCC 1113

-20131011+
Staphylococcus epidermidis
PTCC  1349

-14142010+
 Bacillus subtilis
 PTCC  1023

-14202318-
Salmonella para A
PTCC  1230

-15122120-
Escherichia coli
PTCC  1330

-12121813-
Shigella flexneri
PTCC  1234

-15101310-
 Psudomonas aeiuginosa
PTCC 1310

Table 1: Antibacterial activity of   three components isolated from S. reuterana  extract

*Values are the mean diameter of inhibitory zones (mm);  50μl of solutions (30 mg/l) was applied to each well.
1- Salvigenin , 2- Thitonin, 3- Manoyl oxide, 4- Gentamicine, 5- n-hexan.

Jamzad et al.



107

REFERENCES

Catino, P.D., Harly, R.M. and Wagstaff, S.J. (1992). 
Genera of Labiateae science and classification. 
Advanced in Labiateae science.Royal Botanic Gardens. 
Kew, London, UK, PP. 511-522.  

Rechinger, K.H. (1982). Salvia in Flora Iranica, 
Labiatae, No. 150 ,edits. Rechinger K.H. and Hedge 
I.C., Akademische Druck and Vertagsanstalt, Graz, 
Austria, p. 477.     

Mozaffarian, V. (1996).A Dictionary of Iranian plant 
names.Farhange Moaser, Tehran, Iran.

Blumenthal, M. (1998) .The Complete German 
Commission E Monographs.American Botanical 
Council, Austin, Tx. p.198.

Weiss R. F. and Fintelmann V. (2000). Herbal Medicine, 
Thieme, Stuttgart-New York, pp.36-37.

Bisset, N.G.(1994).Herbal Drugs and Pharmaceuticals. 
CRC Press, Stuttgart, Germany, p.440.

Newall, C.A., Anderson, L.A. and Phillipson, J.D. 
(1996). Herbal Pharmaceutical Press, London, UK, P. 
231.

Zhang, K.Q., Bao, Y., Wu , P., Rosen, R.T. and Ho, 
C.T. (1990). Antioxidative components of Tanshen 
(Salvia miltiorrhiza Bunge). J. Agric. Food Chem. 38: 
1194- 1197.

Chang, J.Y., Chang C.Y., Kuo,C.C., Chen,L.T., 
Wein,Y.S. and Kuo, Y.H. (2004). Salvinal, a novel  
microtuble inhibitor isolated from Salvia miltiorrhi-
za             Bunge (Danshen) with antimicrobial activity 
in multidrug sensitive and resistant human tumor cells. 
Mol. Pharmacol, 65: 77-84.

Onayade O.A., Scheffer J.J.C. and Baerheim-Svendsen, 
A. (1991). Polynuclear Aromatic compounds and other 
constituents of the herb essential oil of Salvia occinea         
Juss.ex Murr. Flav. Fragr. J.6:281-289.

Ulubelen,A.,Miski,M.,Neuman,P. and Mabry, T.J. 
(1979). Flavonoids of Salvia tomentosa (Labiateae). J. 
Nat. Prod. 42: 261-263. 

Miski, M., Ulubelen ,A., Johansson, C. (1983). 
Antibacterial activity studies of flavonoids from Salvia 
palaestina. J. Nat.  Prod. 46:874-875.

Wang, M., Li, J., Rangrajan, M., Shao, Y., Lavoie, 
E. J., Huang, T.C. and Ho,C.T. (1998). Antioxidative 
phenolic compounds from Sage (Salvia officinallis). J. 
Agric. Food Chem. 46: 4867-4873.

Johanston, G.A.R. and Beart , P.M. (2004). Flavonoids 
some of the wisdom of Sage. British J. of Pharm. 142: 
809- 811.

Gulcin,I., Tansu Uguz,M., Oktay,M., Beydemir,S., 
Kufrevioglu,I.O.(2004). Evaluation  of  the antioxidant  
and antimicrobial  activities   of  Clary  Sage (Salvia 

O

OH

Meo

Meo

OMe

O

5-hydroxy-6,7,4-trimethoxy flavonecompound 1 :

O

OOH

OMe

OMe

compound 2: 5-hydroxy-7,4-dimethoxy flavone

O
1

14

14

18 19

20

16

17

7

2

compound 3: 8,13-epoxy-14 labden

8

13

Antibacterial activity of Salvia reuterana ...

©2012 Jamzad et al.; licensee to  Islamic Azad University-Pharmaceutical Sciences Branch



108 J Pharm Health Sci | Volume 2 | Issue 3 | Spring 2014

sclarea L.).Turk. J. Agric.For. 28:25-33.    

Ahmed, B., Al-HOWIRINY, t.a., Mossa, J.S.,EL 
Tahir,K.E.H.(2005).Isolation, Antihypertensine activity 
and structure activity relationship of flavonoids from 
three medicinal plants. Indian J. of Chem.,44:400-404.

Habibi,Z., Eftekhar, F, Samiee, K. and Rustaiyan, 
A.(2000).Structure and antibacterial activity of a new 
Labdane diterpenoid from Salvia leriaefolia. J.Nat. 
Prod. 63: 270-271.

Ulebelene,A. and Topcu,G. (1992).Abietane 
diterpenoids from Salvia pomifera, Phytochemistry, 
31:3949-3951.

Wu,W.L.,Chang W.L. and Chen, C.F.(1991).Cytotoxic 
activities of Tanshinones             against human carcinoma 
cell lines. Am. J. Chin Med. 19:207-216.
[20]  Topcu,G.,Ulubelene A.(1996).Abietane and 
rearranged abietane diterpenes from Salvia montbretii. 
J. Nat. Prod. 56:734-737.

Moujir,L.,Gutierrez-Navarro,A.M.,San Anders,L.,Luis 
J.G.(1996).Bioactive                 diterpenoids isolated 
from Salvia mellifera.PTR. Phytother. Res.10:172-174.

Lin,H.C.,Ding,H.Y. AND Chang,W.L.(2001).Two new 
fatty diterpenoids from                 Salvia miltiorrhiza.J.Nat.
Prod.64:648-650

Xu Gang,Liyan Peng,Xuemei Niu, Qinshi Zhao,Rongtao 
Li,Handong Sun,(2004). Novel diterpenoids from 
Salvia dugesii. Helvetica,Chemica Acta,87:949-955.

Xu, G., Peng, L., Zhao, Y., Li, X., Tu, L., Zhao, Q., 
Sun, H.(2005). Two new diterpenoids Salvia perzewal-
skii.Chem.Pharm.Bull.53:1575-1576. 

Kuzman,L.,Skrzypek,Z. and Wysokinska ,H. (2006). 
Diterpenoids and triterpenoids in hairy roots of Salvia 
sclarea.Plant Cell,Tissue and Organ,84:152-160.

Rustaiyan, A., Niknejad, A., Nazarians, L., Jakupovic, 
J. and Bohlman,F.(1982). Sesterterpenes from Salvia 
hypoleuca,Phytochemistry,21:1812-1813.

Rustaiyan,A.,Koussari,S.(1988).Further sesterterpenes 
from Salvia hypoleuca. Phytochemistry ,27:1767-1769.

Rustaiyan, A. and  Sadjjadi , A. (1987). Salvisyriacolide 
from Salvia syriaca.                    Phytochemistry, 26: 
3078- 3079.

Gonzales, M.S., Sansegundo, J.M., Grande, M. C., 
Medarde , M.and Bellido,I.S. (1989).Sesterterpene 

Jamzad et al.

lactones from Salvia aethiopis,Salviaethiopisolide and 
13-epi-Salviaethiopisolide lactones. Tetrahedron, 45: 
3575-3582.

Mirza ,M.,Sefidkon,F.(1999). Essential oil composition 
of two Salvia species from Iran,Salvia nemorosa L. and 
Salvia reuterana Boiss.,Flavour Fragr. J. 14:230-232.

Amiri, H.,Meshkat Alsadat ,M.H.,Lari 
Yazdi,H.,Goudarsi ,A.(2006).Essential oil         
composition of Salvia reuterana Boiss.Iranian Journal 
of Medicinal and Aromatic Plants.22:270-275.       

Esmaeili, A., Rustaiyan, A., Nadimi, M., Larijani, 
K., Nadjafi, F.,Tabrizi,L. and Chalabian, F. (2008). 
Chemical composition and antibacterial activity of 
essential oils          from leaves, stems and  flowers 
of  Salvia reuterana  grown in  Iran. Chemistry of               
Natural  Compounds,44:393-395.  

Nikavar, B., Abolhasani, L. and Izadpanah,H.(2008). 
α-Amylase Inhibitory Activities of six Salvia species. 
Iranian Journal of Pharmaceutical Research.7: 297-303.

Nikavar, B., Kamalinejad M. and Izadpanah, H. (2007). 
In  vitro free  radical scavenging activity of five Salvia 
species. Pak. J. Pharm. Sci.20:291-294.

Rabbani, M., Sadjjadi, S. E., Jafarian,A.,Vaseghi,G. 
(2005).Anxiolytic effects of Salvia reuterana Boiss. 
On the evaluated pulse-maze model of anxiety in mice. 
Journal Ethnopharmacology. 101: 100-103.

Amirghofran, Z., Zand, F., Javidnia K., and Miri, R. 
(2009). The cytotoxic activity of various medicinal 
plants on the cancer cells. Toxicology Letters. 189: 
s64-s65.

Markham, K. R. (1982). Techniques of Flavonoids 
Identification, Academic Press, p. 12.

Tomas-Barberan, F. A., Husain, S. Z., Gill, M.I. 
(1988). The distribution of methylated flavones in the 
Lamiaceae, Biochemical Systematic and Ecology. 16: 
43-46.

Harborne,J.B.(ED ).(1994). The Flavonoids,Advances 
in Research since 1986. Chapman & Hall, London, UK, 
Phytochemistry Analysis. 6(1): 55.

Ulubelen, A., Topcu, G., Tan, N. (1995). Diterpenoids 
from  Salvia heldrichiana. Phytochemistry. 40: 
1473-1475.

Topcu, G., Kartal, M., Ulubelene, A. (1997). 



109

Terpenoids from Salvia tchihatcheffii. Phytochemistry. 
44: 1393-1395.

Natiq, A. R. Hatam, Nahia, J. Yosif. (1992). Flavonoids  
from  Salvia syriaca. Pharmaceutical Biology. 30: 
109-111.

Camarasa, J., Canigueral, S., Iglesias, J., Marin, E. 
(1982). The flavonic aglycons of Leaves of Salvia 
verbenaca L. :5-hydroxy-7,4 -́dimethoxy flavone,new 
flavonoid for Salvia L. Genus.Plant Physiology and 
Biochemistry . 16:192-196.

Gonzalez, a. g., Aguiar, Z. E., Luis J. G., Ravelo, A. 
G., Vazquez, J.T., Dominguez,X.A. (1989).Flavonoids 
from Salvia texana. Phytochemistry. 28: 2871-2872.

Hussein, A. A., De la Torre, M. C., Rodriguez, B., 
Hammouda, F. M., Hussiney, H. A. (1997). Modified 
abietane diterpenoids and a methoxylupane derivative 
from Salvia palastinea . Phytochemistry. 45: 1663-1668.

Harborne, J. B., Baxter, H. (1993). Phytochemical 
Dictionary” A Hand book of Bio active Compounds 
from Plants.

Ulubelene, A., Ozturk, S., Isildatici, S. (1968). A new 
flavone from Salvia triloba L.f. (Labiateae). Journal of 
Pharmaceutical Sciences.57: 1037-1038.

Ragasa,C.Y.,Pendon,Z.,Sanalang,V.,Rideout,J
.A.(1999). Antimicrobial flavones from Coleus 
ambinicus. Philippine Journal of Science .12:347-351.

Uydes Dogan, B.S., Takir,S., Ozdemir, O.,Kolak,U., 
Topcu, G., Ulubelene, A.(2005). The comparison of 
the relaxant effect of two methoxylated flavones in rat 
aortic rings. Vascular Pharmacology.43:220-226.

Martini, N. D., Katerere, D.R. P., Eloff, J. N. (2004). 
Biological activity of five antibacterial flavonoids from 
Combretum erythrophyllum ( Combretaceae). Journal 
of Ethnopharmacology. 93: 207- 212.

Backingham, J. (1994). Dictionary of Natural 
Compounds, Vol. 1, P. 227.

……………… (1996). Dictionary of Organic 
Compounds, Chapman & Hall, American         Chemical 
Society,Vol 1,P.434.  

Bower,G.L., (1967).13-Epi-manoyl oxide constit. Of 
Jack pine bark Phytochemistry.19:151-154.

Demetzos,C.,Kolocouris,A.,Anastasaki,T.,(2002)
.A simple and rapid method of the Differentiation of 

C-13 manoyl oxide epimers in biologically important 
samples using GC-MS analysis supported results. 
Bioorg. Med. Chem. Lett. 12:3605.

Hanson, J.R. and White, A.F.(1972). The biosynthe-
sis of (-)-13-Epimanoyl oxide. Phytochemistry. 11: 
703-704.

Bonkanka, C.X., Rabanal, r.m., Sanchez- Meteo, 
c.c. (2006). Analgesic and topical anti inflammatory 
activity of terpenoids and flavonoids of the genus 
Tucrium and Salvia in mice. Planta Med.72. 

Angelopoulu, D., Demetzos, C., Dimas, C., Perdetzo-
glu, A., Loukis, A. (2001). Essential oils and hexan 
extract from leaves and fruits of Cistus monospelien-
sis cytotoxic activity of ent-13-epi-manoyl oxide and 
its isomers.Planta Medica.67:168-171.

Xue-Ting, Liv, Qin Pan, Yao Shi, Ian D. 
Williams,Herman H-Y Sung,Qiong Zhang,Jing-
Yu Liang, Nancy Y. Ip and Zhi-Da Min.(2006). 
Ent-rosane and labdane diterpenoids from Sagittaria 
sagittifolia and their antibacterial activity against 
three oral pathogens.J. Nat. Prod. 69:255-260.

Kalpoutzakis ,E., Aligiannis, N., Mitaku, S., Chinou 
,L.,Charvala , C., Skaltsounis,            A.L. (2001).
New hemisynthetic manoyl oxide derivatives 
with antimicrobial activity Chem. Pharm. Bull.
(Tokyo).49:814-817.

Antibacterial activity of Salvia reuterana ...

©2012 Jamzad et al.; licensee to  Islamic Azad University-Pharmaceutical Sciences Branch


