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 Purpose: Nowadays, the application of traditional medicines and herbal medicinal 
plants instead of chemical and synthetic drugs has captured the attention of 
researchers. The purpose of this study was to investigate the antimicrobial effects of 
aquatic, ethanolic and methanolic (80%) extracts of aerial and root organs of 
Stachys lavandulifolia Vahl which were taken from the countryside of Marand 
(Eastern Azerbaijan- Iran) in two generative and vegetative phases against standard 
strains of microorganisms. Methods: The antimicrobial activity of alcoholic and 
aquatic extracts of Stachys lavandulifolia Vahl were investigated against standard 
strains of Staphylococcus aureus ATCC 6538, Escherichia coli ATCC 8739, 
Pseudomonas aeruginosa ATCC 9027 through  well-plate and microdilution 
methods. Ampicillin as antibacterial agent was used as positive control. Results: 
The study of antimicrobial properties of Stachys lavandulifolia Vahl extracts 
revealed that aquatic extracts of this plant has no antibacterial effects. The ethanolic 
and methanolic (80%) extracts which were provided from two generative and 
vegetative parts of Stachys lavandulifolia Vahl showed the growth inhibition effect 
on standard strains of examined microorganisms. Conclusion: More importantly, 
antimicrobial effect on gram positive bacteria was higher than gram negative 
bacteria and this effect was a type of bactericide. The antimicrobial effect of the 
ethanolic extract of the aerial organs (especially in the generative phase) was higher 
than the alcoholic extract of root organ. 
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INTRODUCTION 
 

Among Iranica flora, nearly all plant species have important role in traditional medicine. Almost 9000 plant 
species exist in Iranica flora out of which more than 500 species are extensively used in traditional medicine due 
to antimicrobial and anticancerous properties [18,16,14]. In fact, it is common for Iranian people to use some 
plant species for treatment of infectious diseases and other health problems [1]. For centuries, herbal medicinal 
plants have been known due to curative properties or disease treatments [21]. In addition, there is a vital need 
for discovering the new antimicrobial compounds (with different chemical structures) in order to deal with re-
emerging infectious diseases. Thus, researchers have increasingly paid attention to traditional medicine and have 
looked for better herbal drugs against the microbial infectious diseases [13]. Today, great interest towards 
traditional medicines has been arisen and even there have been increasingly immense demand for some drugs 
with herbal origin. This rehabilitation of interest towards herbal drugs could be mainly because of the common 
belief that herbal medicine is healthy and is more reliable than expensive synthetic drugs which have usually 
side effects [12]. This view was a source of motivation for research on new antimicrobial substances out of 
various herbal medicinal plants.  

From this perspective, the effect of different plant extracts on pathogen microorganisms has captured the 
attention of researchers [3]. The species of Stachys genus in traditional and local medicine have been explored 
for the treatment of genital tumors, spleen sclerosis, inflammatory tumors, and cancerous ulcers [21]. In general, 
Stachys lavandulifolia Vahl is an herbal medicinal plant from the Lamiaceae family and is used as an herbal tea. 
It is worth noting that the flowering shoots and the boiled trichate flowers of this plant is extremely important in 

http://www.aensiweb.com/aeb.html�
mailto:m_taheribio1976@yahoo.com�


4017                                                                        Masoud Taheri et al, 2013 
Advances in Environmental Biology, 7(13) November 2013, Pages: 4016-4021 

 
treatment of diseases such as  digestive problems, headache, stomachache, gastritis, and nerve disorders . 
Moreover, Stachys lavandulifolia Vahl can relieve the primary disminorey problems and reduce the intensity 
and the time of pain. It also decreases tiredness and nausea caused by primary disminorey, but it has no effect on 
vomiting [19]. The quick review of studies showed that there has been no research on antimicrobial activity of 
Stachys lavandulifolia Vahl. Therefore, the purpose of this study was to investigate the antimicrobial effects of 
aquatic, ethanolic and methanolic (80%) extracts of aerial and root organs of Stachys lavandulifolia Vahl which 
were taken from the countryside of Marand (Eastern Azerbaijan- Iran) in two generative and vegetative phases 
on standard bacterial strains. 

  
MATERIALS AND METHODS 

 
To explore the antimicrobial effects of aquatic and alcoholic (80%) extracts of Stachys lavandulifolia Vahl, 

well-plate and microdilution methods were used. This study carried out in the countryside of Marand, a city 
located in north-western of Iran.   
 
Plant species: 

The Plant species in two generative and vegetative phases was gathered during April to June from 
Mishudagh region in East Azerbaijan and was analyzed in terms of Taxonomy with Iranica flora [5] and the 
representative sample in herbarium of plant biology department of Islamic Azad University of Marand 
(No.19405) (Figure1). 

   

 
 
Fig. 1: Stachys lavandulifolia Vahl taken from the countryside of Marand (Eastern Azerbaijan- Iran).  
 
The preparation of extracts: 

The collected full plants of Stachys lavandulifolia Vahl were separated into two parts of aerial organs (stem, 
leaf, petiole, and flower) and root. After being washed in distilled water, they were kept in shade and were dried 
far from the direct light of sun. Then, the electronic powdering apparatus was used to powder this plant and the 
extraction was performed [4,9]. 
 
The examined microorganisms: 

In this research, the antimicrobial studies were carried out on 3  standard bacterial strains as follows: 
Staphylococcus aureus ATCC 6538, Escherichia coli ATCC 8739, Pseudomonas aeruginosa ATCC 9027.   
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Antimicrobial activity by Well-plate method: 

In this method, the inoculation of 100µl microbial suspension was fulfilled into surface of the plate with a 
sterile pipette. Next, all culture plates were allowed for dry for about 5 minutes. The same diameter wells 
produced on Mueller-Hinton agar. Then, 100µl extracts of aquatic, ethanolic and methanolic (80%) were 
prepared and were poured in well separately (one well was allocated to distilled water, ethanol and methanol 
(80%)). Later, plates were put in incubator  for 18-24  hours at 37̊ c  and then the diameter of zone of growth 
inhibition were measured that results from diffusion of the extracts into the medium surrounding the wells with 
millimeter ruler. Additionally, ampicillin disc was used as standard control antibiotic [4,9,20]. 
 
Antimicrobial activity by microdilution method: 

The identification of the minimal inhibitory concentration (MIC) was performed with some modifications 
[22]. Then the minimal fungicide concentration (MFC) was determined. Then, ampicillin as a standard 
antimicrobial agent was considered in this method. Also, their dilutions (0.25-128µg/ml) were similar to plates 
of microtiter [4]. 
 
Results: 

In this research, antimicrobial activity of aquatic, ethanolic, and methanolic (80%) extracts of Stachys 
lavandulifolia Vahl were investigated against the standard strains of microorganisms and the antimicrobial 
capacity of these extracts was evaluated through the existence or non-existence of diameter zone of inhibition 
(included 3 replicates). In well-plate method, aerial and root organs of Stachys lavandulifolia Vahl were 
determined in two generative and vegetative phases against standard strains of microorganisms through aquatic, 
ethanolic, and methanolic (80%) extracts. The obtained extractions had significant growth inhibition effect 
against examined microorganisms. 
It seems that the antimicrobial activity of extracts was different and even some extracts had more antimicrobial 
activity in comparison with standard control antibiotic. This study was performed within the framework of 
factorial experiment 2*3*2 (2 different organs of plant, 3 different extracts in two different stages of life) with a 
completely randomized design with 12 treatment groups. After analysis of variance in procedure of GLM of 
SAS software, dual comparisons were performed by tukey method. The analysis of tri-lateral influence among 
factors as the major objective of this research demonstrated that ethanol extract of aerial organ of Stachys 
lavandulifolia Vahl in generative stage possessed the largest zone of growth inhibition regarding all examined 
bacteria. Bilateral influence and the major effects of factors confirm the positive effects of extracting from aerial 
organ in generative stage (Table1). 

The comparison of all treatment groups with treatment group using standard antibiotic showed that 
regarding bacteria, ethanol extract of aerial organ of Stachys lavandulifolia Vahl in vegetative stage acts like 
antibiotic while the ethanol extract of aerial organ in generative stage acts better than ampicillin. To compare the 
effect of different extracts of Stachys lavandulifolia Vahl on zone of growth inhibition with antibiotic group, 
analysis of variance within the framework of completely randomized design was used and dunnet test was used 
for dual comparisons (Table 2).  

After emergence of ethanol extract of aerial organ in generative stage as the best extract, minimal inhibitory 
concentration (MIC) of this extract was compared with ampicillin using t-student test (Table 3). 

Comparison of minimal inhibitory concentration (MIC) in 2 groups showed that there is no significant 
difference between standard antibiotic and ethanol extract of Stachys lavandulifolia Vahl regarding the 
examined bacteria. The aquatic extract of aerial organs of Stachys lavandulifolia Vahl in the vegetative phase 
did not show any antimicrobial effect, whereas it reflected a little antimicrobial effect in the generative phase. 
Regarding the antimicrobial effects of different extracts of  this plant, the findings revealed that ethanolic and 
methanolic (80%) extracts and aquatic extracts (to some extent) of aerial organs had higher antimicrobial effect 
than alcoholic and aquoes extracts of root organs, especially in the generative phase.  In this research, the 
findings of plate-well method indicated that Staphylococcus aureus ATCC 6538 was the most sensitive 
microorganism to the aquatic and alcoholic (80%) extracts of aerial and root organs of Stachys lavandulifolia 
Vahl. Most importantly, Staphylococcus aureus ATCC 6538 have increasingly been more sensitive to ethanol 
(80%) extract as compared to standard antibacterial discs like ampicillin. 
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Table 1: Main and Interaction effects of organs, extracts and vegetative and generative stages of Stachys lavandulifolia Vahl on the 

diameter of zone of growth inhibition of standard strains of bacteria. a-i: Different letters in above of means in any column 
represent significant statistical Difference (p<0.05) 

Factor  S.aureus 
ATCC 6538 

E.coli 
ATCC 8739 

P.aeruginosa 
ATCC 9027 

  Main Effects:      
Organ Aerial 11.67a 6.33a 9.17a 
 Root 4.83b 2.67b 4.05b 
 SEM 0.204 0.192 0.219 
Extract Ethanol 13.00a 7.00a 10.25a 
 Methanol 10.75b 6.00b 8.83b 
 Water 1.00c 0.50c 0.75c 
 SEM 0.250 0.236 0.268 
Stage Vegetative 6.50b 3.67b 5.55b 
 Generative 10.00a 5.33a 7.67a 
 SEM 0.204 0.192 0.219 
Interactions:     
Organ*Extract Aerial*Ethanol 18.50a 9.50a 14.00a 
 Aerial*Methanol 14.50b 8.50a 12.00b 
 Aerial*Water 2.00d 1.00c 1.50d 
 Root*Ethanol 7.50c 4.50b 6.50c 
 Root *Methanol 7.00c 3.50b 5.67c 
 Root *Water 0.00e 0.00c 0.00d 
 SEM 0.353 0.333 0.379 
Organ*Stage Aerial*Vegetative 9.00b 5.00b 7.33b 
 Aerial*Generative 14.33a 7.67a 11.00a 
 Root*Vegetative 4.00d 2.33c 3.78c 
 Root*Generative 5.67c 3.00c 4.33c 
 SEM 0.289 0.272 0.309 
Extract*Stage Ethanol*Vegetative 11.00c 6.00bc 9.00b 
 Ethanol*Generative 15.00a 8.00a 11.50a 
 Methanol*Vegetative 8.50d 5.00c 7.67c 
 Methanol*Generative 13.00b 7.00b 10.00ab 
 Water*Vegetative 0.00f 0.00d 0.00d 
 Water*Generative 2.00e 1.00d 1.50d 
 SEM 0.353 0.333 0.379 
Organ*Extract*Stage Aerial*Ethanol*Vegetative 16.00c 8.00b 12.00c 
 Aerial*Ethanol*Generative 21.00a 11.00a 16.00a 
 Aerial*Methanol*Vegetative 11.00d 7.00b 10.00d 
 Aerial*Methanol*Vegetative 18.00b 10.00d 14.00b 
 Aerial*Water*Vegetative 0.00i 0.00h 0.00h 
 Aerial*Water*Generative 4.00g 3.00f 3.00f 
 Root*Ethanol*Vegetative 6.00h 6.00e 6.00e 
 Root*Ethanol*Generative 9.00e 7.00e 7.00e 
 Root*Methanol*Vegetative 6.00h 5.33e 5.33e 
 Root*Methanol*Generative 8.00f 6.00e 6.00e 
 Root*Water*Vegetative 0.00i 0.00h 0.00h 
 Root*Water*Generative 0.00i 0.00h 0.00h 
 SEM 0.500 0.536 0.536 

 
Table 2: Comparison of various extracts of Stachys lavandulifolia Vahl and Standard antibiotic on standard strains of bacteria by means of 

dunnet test. Comparisons significant at the 0.05 level were indicated by * 
Treatment comparison with Standard  
Antibiotic 

S.aureus 
ATCC 6538 

E.coli 
ATCC 8739 

P.aeruginosa 
ATCC 9027 

Aerial*Ethanol*Vegetative 2.00ns 0.00ns 0.00ns 
Aerial*Ethanol*Generative 7.00* 3.00ns 4.00* 
Aerial*Methanol*Vegetative -3.00* -1.00ns -2.00ns 
Aerial*Methanol*Vegetative 4.00* 2.00ns 2.00ns 
Aerial*Water*Vegetative -14.00* -8.00* -12.00* 
Aerial*Water*Generative -10.00* -6.00* -9.00* 
Root*Ethanol*Vegetative -8.00* -4.00* -6.00* 
Root*Ethanol*Generative -5.00* -3.00* -5.00* 
Root*Methanol*Vegetative -8.00* -5.00* -6.67* 
Root*Methanol*Generative -6.00* -4.00* -6.00* 
Root*Water*Vegetative -14.00* -8.00* -12.00* 
Root*Water*Generative -14.00* -8.00* -12.00* 
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Table 3: Comparison of ethanolic extract of of Stachys lavandulifolia Vahl and Standard antibiotic on standard strains of bacteria by means 

of t-student test 
Treatment S.aureus 

ATCC 6538 
E.coli 
ATCC 8739 

P.aeruginosa 
ATCC 9027 

Ampicilin 9.33 115.33 4.67 
Ethanol Extract 18.67 271.33 37.33 
t-value 1.18 1.09 2.30 
p-value 0.302 0.338 0.145 

 
Discussion: 

In this study, in order to evaluate the antimicrobial effects of Stachys lavandulifolia Vahl, the aquatic, 
ethanolic, and methanolic (80%) exracts of aerial and root organs of this plant in both generative and vegetative 
phases were examined. In general, the results of this research showed that ethanolic and methanolic (80%) 
extracts of Stachys lavandulifolia Vahl (from Lamiaceae family) which were collected from Marand (Eastern 
Azerbaijan- Iran) had the growth inhibition effect on examined microbial strains. More specifically, this growth 
inhibition effect was a kind of bactericide. The findings showed that this plant had antimicrobial property 
against the examined microorganisms. The ethanolic and methanolic (80%) extracts of this plant reflected more 
antibacterial properties than aquatic extract indicating that the effective properties of such plant could better be 
solved in ethanol and methanol (80%).Broadly speaking, the antimicrobial substances of Stachys lavandulifolia 
Vahl were introduced as Germacrene-D (13.2%), β-phellandrene (12.7%), β-pinen (10.2%), Mycrene (9.4%), α-
pinene (8.4%), Z-β-ocimene (5.8%), and Spathulenol (1.5%) (Javidnia et al., 2004). It is believed that these 
substances could not better be solved in water since around each aquatic extract of vegetative and generative 
organs, no zone of inhibition was observed.  However, both ethanolic and methanolic (80%) extracts could be 
regarded as organic solvent with favorite polarity because they were able to solve antimicrobial compounds in 
Stachys lavandulifolia Vahl.  

In fact, those extracts which were provided during the generative phase of this plant showed more 
antimicrobial properties. One explanation could be that the effective substances of this plant were belonged to 
secondary metabolites (i.e. Monoterpenes and Sesquiterpenes) which were produced with different purposes, 
including supporting plants against invasive factors.  Also, the generative phase is important for survival of the 
species so that the above-mentioned substances may increase in this phase. From physicochemical perspective, 
the cell wall structure of gram negative bacteria were more complex than that of gram positive bacteria. For this 
reason, gram negative bacteria showed more resistance against antimicrobial substances. This explanation is 
also true about the absence of growth inhibition effect of E.coli by means of ethanolic and methanolic (80%) 
extracts. All gram negative bacteria have external hydrophilic membrane due to presence of lipopolysaccharide 
(LPS) molecules. The small solution substances of molecules are able to pass this external membrane of bacteria 
through numerous porin proteins. Thus, this membrane might be regarded as a barrier against macromolecules 
and hydrophobic compounds, and toxic drugs and it is really important for evaluation of the antimicrobial 
compounds in plants. In this light, the different effects of extracts between gram positive bacteria and gram 
negative bacteria might be indicator of the different compounds in them. In total, gram positive bacterium 
(Staphylococcus aureus ATCC 6538) showed more sensitivity towards extracts as compared to gram negative 
bacteria. These findings are in agreement with those of Maleki and et al who had studied on Stachys inflata 
(from Lamiaceae family) [11]. The ethanolic and methanolic (80%) extracts of Stachys lavandulifolia Vahl have 
a great amount of bactericide properties even in high dilutions (in exception of E. coli which showed a static 
reaction against the extract of Stachys lavandulifolia Vahl and was resistant against the antimicrobial effects of 
the extract of this plant). These findings are in agreement with those of Rasooli and Mirmostafa who had studied 
on two species of Thymus from Lamiaceae family [15]. It has been shown that extracts depend on species, type 
of chemical substance of the plant and the climate condition. As a result, the antimicrobial activities of extracts 
in various plant species were different from each other [2,10]. As regards the antimicrobial effects of alcoholic 
and aquatic extracts in aerial and root organs of Stachys lavandulifolia Vahl, the findings showed that ethanol 
was the best solvent for extracting antimicrobial substance of some plants. It is more likely that the 
concentration of extracts used in this research were related to activity of chemical constituents. Indeed, our 
findings were in consistent with findings of other studies concerning the antimicrobial effects of ethanolic 
extracts [6,17]. It is worth noting that the slight variations between our findings and other researchers might be 
due to several reasons such as intraspecific variation for producing secondary metabolites and differences in 
extracted protocols which were used for discovering the active metabolites and even differences in evaluation 
methods [4]. The phytochemical analysis of Stachys lavandulifolia Vahl has proved the presence of some 
secondary metabolites such as diterpenes, phenyl ethanoidglycosides, flavonoides, and saponis [8] in a way that 
flavonoides might be responsible for antimicrobial activity of such plants [17].  Additionally, our findings 
indicated that Stachys lavandulifolia Vahl have a significant antimicrobial activity against examined bacteria in 
a way that this activity might be the sign of the presence of metabolite toxin or the above-mentioned 
compounds. 
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Conclusion: 

This study showed that due to phytochemical differences among species, there were differences in 
antimicrobial effects of this species with other Stachys species. From economical and medicinal perspective, in 
order to evaluate the plants which can naturally grow in Iran, potential resources and useful facilities are 
essential. More generally, the findings of this research indicated that extracts of Stachys lavandulifolia Vahl 
contain some compounds with antibacterial properties that can be used as a traditional drug for treatment of 
infectious diseases. Obviously, most species of this family were particularly native and were traditionally used 
by local people in different regions of Iran. However, little evidence is available about the application of such 
plants. As a result, paleobotanical studies in various parts of Iran are essential for recording all traditional 
medicinal knowledge which was experienced among local people. 

 
REFERENCES 

 
[1] Adiguzel, A., M. Gulluce, M. Sengul, H. Ogutcu, F. Sahin and I. Karaman, 2005. Antimicrobial effects of 

Ocimimum basillicum (Lamiaceae) extract. Turkish Journal of Biology, 29: 155-160. 
[2] Chi-kuen, Ch. and L. Chi-Chiu, 2006. Risk of active tuberculosis among school children in Hong Kong. 

Archives of Pediatrics & Adolescent Medicine, 160: 247-251.  
[3] Cordell, G.A., 2000. Biodiversity and drug discovery- a symbiotic relationship. Phytochemistry, 55: 463-

480. 
[4] Dugler, G. and C. Aki, 2009. Antimicrobial activity of the leaves of endemic Stachys pseudopinardii in 

Turkey. Tropical Journal of Pharmaceutical Research, 8(4): 371-375. 
[5] Ghahreman, A., 1990. Iranica Flora-Lamiaceae family. Tehran university press, Tehran, Iran: pp: 1233-

1234. 
[6] Javidnia, K., F. Mojab and S.A. Mojahedi, 2004. Chemical constituents of the essential oil of Stachys 

lavandulifolia Vahl from Iran. Iranian Journal of Pharmaceutical Research, 3: 61-63. 
[7] Jonathan, S.G. and I.O. Fasidi, 2003. Antimicrobial activities of two Nigerian edible marofungi, 

Lycoperdon pusilum and Lycoperdon giganteum. African Journal of Biomedical Research, 6: 85-90. 
[8] Khanavi, M., M. Sharifzade, A. Hadjakhoondi and A. Shafiee, 2005. Phytochemical  investigation and anti-

inflammatory activity of aerial parts of Stachys byzantina C. koch. Journal of Ethnopharmacology, 97: 463-
468. 

[9] Kursat, M. and P. Erecevit, 2009. The antimicrobial activities of methanolic extracts of some Lamiaceae 
members collected from Turkey. Turkish Journal of Science and Technology, 4(1): 81-85. 

[10] Lawrence, S.J., J.R. Korzenik and L.M. Mundy, 2005. Probiotics for recurrent Clostridium difficile disease. 
Journal of Medical Microbiology, 54: 905-906. 

[11] Maleki, N., A. Garjani, H. Nazemiyeh, N. Nilfouroushan, A.T. Eftekhar Sadat, Z. Allameh and N. 
Hasannia, 2001. Potent anti-inflammatory activity of hydroalcoholic extract from aerial parts of Stachys 
inflata on rats. Journal of Ethnopharmacology, 75: 213-218. 

[12] Nair, R. and S.V. Chanda, 2007. Antibacterial activities of some medicinal plants of western region of 
India. Turkish Journal of Biology, 31: 231-236.  

[13] Parekh, J. and S.V. Chanda, 2007. In vitro antimicrobial activity and phytochemical analysis of some Indian 
medicinal plants. Turkish Journal of Biology, 31: 53-58. 

[14] Parsa, A., 2001. Iranica Flora. Tehran university press, Tehran, Iran: pp: 798. 
[15] Rasooli, I. and S.A. Mirmostafa, 2002. Antimicrobial reports of Thymus pubescens and Thymus serpyllum 

essential oil. Fitotherapia, 73: 244-250. 
[16] Rechinger, K.H., 1982. Flora Iranica. Akademische druck-U, Verlagsanstalt Graz-Austria, pp: 345-395. 
[17] Saeedi, M., K. Morteza-Semnani, M.R. Mahdavi and F. Rahimi, 2008. Antimicrobial studies on extracts of 

four species of Stachys. Indian Journal of Pharmaceutical Sciensis, 70(3): 403-406. 
[18] Sengul, M., H. Ogutcu, A. Adiguzel, F. Sahin, A.A. Kara, I. Karaman and M. Gulluce, 2005. Antimicrobial 

effects of Verbascum georgicum Bentham extract. Turkish Journal of Biology, 29: 105-110.  
[19] Seyyed-Javadi, H.E., F. Olphati, M. Hadizadeh and S. Azerbaijani, 1998. The study on effects of Stachys 

lavandulifolia Vahl on primary dismenorey and it’s signs. Edrak Scientific Journal. Qazvin medical science 
university, 12: 3. 

[20] Shafiee, A., 1992. Chromatography and spectrometry. Tehran university press, Tehran, Iran, pp: 122-135. 
[21] Skaltsa, H.D., D.M. Lazari, I.B. Chinou and A.E. Loukis, 1999. Composition and antimicrobial activity of 

the essential oils of Stachys candida and Stachys chrysantha from southern Greece. Planta Medica, 65: 255-
256. 

[22] Zgoda, J.R. and J.R. Porter, 2001. A convenient microdilution method for screening natural products 
against bacteria and fungi. Pharmaceutical Biology, 39: 221-225. 

 


