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Abstract: The essential oils of two Lamiaceae cultivated in Western Himalaya were examined on 

their antimicrobial, biting deterrent as well as larvicidal activity. Additionally their odors are described 

and their chemical compositions analyzed by GC-MS are given. The main component of Nepeta cataria oil was 

4a ,7 ,7a -nepetalactone (85%), whereas camphor (27%) and 1,8-cineol (27%) were dominant in the oil of Rosmarinus 

officinalis. The studied essential oils demonstrated high to moderately antimicrobial activity against reference strains, 

clinical and food spoilage isolates of Bacillus cereus, Staphylococcus aureus, Escherichia coli, Salmonella abony and 

Candida albicans (MIC 160-640 μg/ml) and indicated low activity against Pseudomonas aeruginosa and P. fluorescens. 

Both oils showed biting deterrent activity above solvent control but lower than DEET. Nepeta catarica essential oil 

exhibited high toxicity with LD50 value of 20.2 whereas R. officinalis oil showed only 50% mortality at the highest tested 

dose of 125 ppm against 1-day old Aedes aegypti larvae at 24-hour post treatment. 

Keywords: Antimicrobial, biting deterrent, essential oil, larvicidal, monoterpenes, Nepeta cataria, Rosmarinus officinalis.  

1. INTRODUCTION 

 In some South American, African and Asian countries 
the use of insect repellents plays an important role in the 
prevention of insect-borne illnesses in humans such as ma-
laria, dengue or yellow fever [1, 2]. Although several syn-
thetic repellent substances, like N,N-diethyl-3-methylben- 
zamide (DEET), are available on the market, the search for 
effective natural alternatives, that at best are active against a 
great diversity of insect species, is still going on [3]. Also the 
demand for new antibiotics has grown, due to the increased 
resistance of bacteria against common antibiotics [4]. Essen-
tial oils (EO) verifiably exhibit antimicrobial activity and 
generate an enormous pool for promising natural antibiotic 
alternatives [5]. Especially for the poor population in above-
mentioned countries herbs are a major source as drugs and 
spices. In the Himalayan region a great percentage of the 
population lives apart from big cities with their medicinal 
facilities. These people are even more dependent on the rich 
variety of herbs growing in this special climate [6]. 

 Most species of the Lamiaceae family are in worldwide use 
for medicinal purposes [7], and some of their representatives 
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can be found in the Himalaya [8]. One of which is Nepeta 

cataria L. (catnip or catmint), a herbaceous plant native in 
the temperate regions of Western Himalaya [9]. The aerial 
parts are used as a remedy against respiratory and gastroin-
testinal disorders [10]. Its EO has long been known to ex-
hibit an antimicrobial effect against a great number of plant 
pathogens [11] as well as bacteria responsible for infections 
of the respiratory tract and skin [12, 13]. Anyway, the oil has 
most commonly been used as an alternative insect repellent 
and formulated by a number of companies [14, 15]. The 
great amount of monoterpene nepetalactone and its di-
astereomers are attributed to this effect [16]. Rosmarinus 

officinalis L. is native in the Mediterranean area but also 
grows wild in the Himalayan region [17]. The plant and its 
EO are, besides other effects, known for their high antibacte-
rial and antioxidant activity [18]. Rosemary appears in three 
main chemotypes: the 1,8-cineol, the camphor-borneol and 
the -pinene chemotype [17]. 

 Climate and altitude of plant origin play an important 
role in differences of EO compositions [19, 20]. To guaran-
tee standardized EO quality, plants need to be cultivated un-
der well-defined ecological conditions (e.g. glass houses) 
[21]. In our previous investigations we screened EOs of wild 
growing plants collected from Western Himalaya – medi-
cally used by the local publication – for their biological im-
pact [8, 22, 23]. In the present study the EOs from two culti-
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vated medicinal important Lamiaceae are evaluated for their 
antimicrobial and repellent as well as larvicidal activity. 

2. MATERIALS AND METHODS 

2.1. Plant Material 

 Nepeta cataria and R. officinalis were cultivated in the 
institute farm of the Institute of Himalayan Bioresource 
Technology located at an altitude of 1400 m. Aerial parts of 
both herbs were harvested during June and July 2010. One 
kg of plant material, respectively, was air-dried separately in 
the shade at 25°C and hydrodistilled in a Clevenger-type 
apparatus of 5 kg capacity. Needles and aerial parts of R. 

officinalis yielded colorless oil (0.5% fresh wt basis), 
whereas aerial parts of N. cataria yielded a light-yellow col-
ored oil (0.4% fresh weight basis). The two oil samples were 
dried over anhydrous sodium sulphate, filtered and stored at 
4°C until analysis. 

2.2. Essential Oil Analyses 

 GC-MS-FID analyses were performed on a Finnigan 
ThermoQuest Trace GC with a FID detector at 250°C and 
two split/splitless injectors at 230°C, one injector connected 
to a 50 m x 0.25 mm x 1.0 μm SE-54 column (CS Chroma-
tographie Service, Germany), the other injector connected to 
a 60 m x 0.25 mm x 0.25 μm Carbowax 20M column (Ag-
ilent and J & W, Germany); carrier gas He 5.0 at 
170/180kPa, temperature program 40°C 1 min at 3°C/min to 
230°C then 5 min isothermal. Both columns were united 
with a quartz Y-splitter, and the combined effluents were 
split via a self-made MS-FID splitter and interfaced with a 
short restriction column (0.1 mm ID) to a Finnigan Thermo-
Quest Automass Solo quadrupole mass spectrometer (Condi-
tions of analysis: interface at 250°C, ion source at 150°C, 
mass range 40-500 amu, scan rate 0.75/sec) and to a FID 
detector. Identification of compounds was carried out ac-
cording to [22]. 

2.3. Olfactory Evaluation 

 For olfactory evaluation, one droplet of each EO sample 
was applied onto commercially available paper blotters. 
Each sample was examined by two aroma-chemists and a 
professional perfumer over 90 min to control for odor pro-
gression. 

2.4. Antimicrobial Testing 

 The antimicrobial effects of both EOs were tested against 
Gram-positive bacteria Bacillus cereus (ATCC 11778) and 
two strains of Staphylococcus aureus (ATCC 6538 and one 
food spoilage isolate), as well as the following Gram-
negative bacteria: two strains of Escherichia coli (ATCC 
25922 and one food spoilage isolate), two strains of Salmo-

nella abony (ATCC 6017 and one clinical isolate), two 
strains of Pseudomonas aeruginosa (ATCC 27853 and one 
clinical isolate) and a food spoilage isolate of Pseudomonas 

fluorescens (sources given in Table 3). Additionally antimi-
crobial testing against two strains of Candida albicans 

(ATCC 10231 and one clinical isolate) was performed. All 
strains were deposited in the Microbial Culture Collection of 

the Department of Biochemistry and Microbiology (Univer-
sity of Plovdiv, Bulgaria). The bacterial strains were stored 
on Nutritional Agar (NA, HiMedia Laboratories Ltd., India) 
and the yeasts strains were stored on Sabouraud Dextrose 
Agar with chloramphenicol (SDA, HiMedia Laboratories 
Ltd.). 

 Stock solutions of the EOs for antimicrobial testing were 
prepared by dispersing the respective EO sample in 2% 
DMSO (Sigma-Aldrich Co.). Stock solutions were added to 
the RPMI1640 broth medium buffered to pH 7.0 with 0.165 
mol L-1 MOPS buffer (3-N-morpholinopropanesulfonic acid, 
Sigma-Aldrich, Co) to reach dilutions with final sample con-
centrations, after inoculation with microbial test suspension, 
between 5120 μg/mL and 80 μg/mL. Controls consisting of 
inoculated medium without EO sample and without DMSO, 
as well as with DMSO were also prepared. The DMSO con-
centration in the broth dilution assay was low to keep the 
effect on microbial growth to a minimum. 

 Antibacterial activity of EOs was performed according to 
Clinical Laboratory Standard Institute (CLSI) M2-A9 refer-
ence method for antimicrobial disk susceptibility tests [24] 
and CLSI M7-A7 reference method for dilution antimicro-
bial susceptibility tests for bacteria that grow aerobically 
[25]. Anticandidal activity of both EOs was performed ac-
cording to CLSI M44-A2 reference method for antifungal 
disk diffusion susceptibility testing of yeasts [26] and CSLI 
M27-A3 reference method for broth dilution antifungal sus-
ceptibility testing of yeasts [27]. 

 Antimicrobial activity of EOs determined by disc diffu-
sion tests was expressed as inhibitory zone (IZ) diameter in 
mm. IZ diameters were measured to the nearest millimeter 
by antibiotic zone scale (HiMedia Laboratories Ltd., India). 
Antimicrobial activity of EOs determined by broth microdi-
lution tests was expressed as Minimal Inhibitory Concentra-
tion (MIC) in g/mL. MIC was defined as the lowest con-
centration of the EO at which total inhibition of microbial 
growth was detected. 

 Antimicrobial activities of ciprofloxacin (CPH 5 g/disc, 
HiMedia Laboratories Ltd.) and fluconazole (FLC 25 g/disc, 
HiMedia Laboratories Ltd., India) were also determined as 
positive controls. MICs of ciprofloxacin (CPH MIC strip 
0.016 - 256 μg/mL, HiMedia Laboratories Ltd.) and flucona-
zole (FLC MIC strip, 0.016 - 256 μg/mL, HiMedia Laborato-
ries Ltd.) were also determined as positive controls by Hi-
Comb™ MIC Test (HiMedia, Laboratories Ltd., India), ac-
cording to manufacturer’s instructions. 

2.5. Mosquito Testing 

 Mosquitoes: Aedes aegypti used were from a laboratory 
colony and were reared as described in [8]. 

 Mosquito Biting Bioassays: Experiments were con-
ducted by using a six-celled in vitro Klun and Debboun 
(K&D) module bioassay system for quantitative evaluation 
of biting deterrent properties of the EOs of N. cataria and R. 

officinalis. Details of this bioassay are described in [28]. 
Treatments were replicated ten times. 

Ben
tha

m S
cie

nc
e P

ub
lis

he
rs 

For 
Pers

on
al 

Use
 O

nly
 

Not 
For 

Dist
rib

uti
on



Antimicrobial and Repellent Activity of the Essential Oils Current Bioactive Compounds 2015, Vol. 11, No. 1    25 

(R)

(S)

(S)

O

O

H

H

 
 

Fig. (1). Chemical structure of 4a ,7 ,7a -nepetalactone 
(4aS,7S,7aR)-4,7-dimethyl-5,6,7,7a-tetrahydrocyclo-penta[c]pyran-
1(4aH)-one. 
 

 Larvicidal Bioassays: Bioassays were conducted to test 
essential oils of N. cataria and R. officinalis for their 
larvicidal activity against Ae. aegypti by using the bioassay 
system described by Pridgeon et al. [29]. Details of this 
bioassay are described in [30]. 

 Statistical Analyses: Proportion not biting (PNB) was 
calculated as described by Ali et al. [30]. Data on the PNB 
values were analyzed using the ANOVA procedure of SAS 
(version 9.2; SAS Institute Inc., Cary, NC), and means were 
separated using the Ryan-Einot-Gabriel-Welsch Multiple 
Range Test. 

3. RESULTS AND DISCUSSION 

3.1. Chemical Composition 

 Analyzed by simultaneous GC-FID and GC-MS using 
two different columns a total of 34 compounds were identi-
fied for N. cataria EO, representing about 96% of the total 
oil. The quantitative and qualitative composition of the EO is 
listed in Table 1. It possessed the highest amount of the iri-
doid 4a ,7 ,7a -nepetalactone (84.0-85.7%; (Z,E)-
nepetalactone) (Fig. 1), accompanied by a much lesser 
amount of the sesquiterpene hydrocarbon (E)-caryophyllene 
(2.3-2.4%). Additionally two derivatives of nepetalactones 
(MW 184) were found, which might be identified as a sub-
stance formed through hydrolytic cleavage of the lactone 
ring (isomer 1: 0.9-1.4%; isomer 2: 2.8-4.8%). 

 A study on the investigation of catnip EO composition 
depending on the plants’ developmental stages was carried 
out in 2011 in Iran [31]. The cultivated plants were harvested 
in 1800 m above sea level once a month from April to July. 
Although EO compositions differed in quality and quantity 
depending on growth stage, (Z,E)- (55-59%), (E,Z)-
nepetalactones (30-31%) and -pinene (3-5%) were the ma-
jor oil constituents in all oil samples. In another investigation 
a seasonal variation between both nepetalactones in catnip 
were found [32], with the (Z,E)-isomer being more present in 
the very young plant (week one). The samples were collected 
from wild within nine weeks on the Iowa University campus 
(USA). The mean overall ratio was 1.73. In N. cataria EO 
from Pakistan, Gilani and coworkers did not find any nepeta-
lactones but -pinene (10.3%), 1,8-cineol (21.0%) and -
humulene (14.4%) as main constituents [33]. 

 

Table 1. Chemical composition of N. cataria EO. 

compound RI# %AreaFID RI## %AreaFID 

methyl 2-methyl-butanoate 773 tr.   

(E)-2-hexenal 849 tr. 1198 tr. 

(Z)-3-hexenol 852 tr. 1342 tr. 

styrene 894 tr.   

-pinene 941 tr. 1013 tr. 

1-octen-3-ol 976 tr. 1412 tr. 

sabinene 979 0.1 1105 0.1 

3-octanone 983 tr.   

6-methyl-5-hepten-2-one   1307 tr. 

-pinene 985 0.2 1093 0.2 

myrcene   1137 tr. 

octanal 1000 tr. 1264 tr. 

limonene 1035 tr. 1178 tr. 

(Z)- -ocimene 1036 0.2 1208 0.1 

(E)- -ocimene 1048 0.6 1223 0.5 

linalool 1100 tr. 1508 0.1 

nonanal 1102 tr.   

citronellal 1153 tr. 1443 tr. 

camphor 1155 0.1   

methyl salicylate   1717 tr. 

neral 1242 0.2 1643 0.2 

geranial 1270 0.3 1692 0.3 

4a ,7 ,7a -nepetalactone 1381 85.7 1937 84.0 

cis-3-hexenyl-cis-3-hexenoate   1678 tr. 

4a ,7 ,7a -nepetalactone 1404 0.4 1985 0.4 

4a ,7 ,7a -nepetalactone 1408 0.4 2004 0.4 

dihydro nepetalactone 1432 0.2 2078 0.2 

(E)-caryophyllene 1441 2.4 1559 2.3 

(E)- -farnesene 1458 0.2 1629 0.2 

-humulene 1475 0.2   

nepetalactone derivative 1 * 1488 1.4 2735 0.9 

nepetalactone derivative 2 * 1525 2.8 2742 4.8 

caryophyllene oxide 1608 0.6 1944 0.7 

humulene epoxide II 1634 tr.   

sum  95.8  95.3 

# 50 m x 0.25 mm x 1.0 μm SE-54; ## 60 m x 0.25 mm x 0.25 μm CW20M; tr. = trace 
(<0.05%); * MW 184 = nepetalactone (MW 166) + H2O 
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 The fact that in the present investigated catnip EO mainly 
(Z,E)-nepetalactone and only 0.4% of (E,Z)-nepetalactone 
were found, which is contractionary to other literature, might 
again be due to differences plant origins and physiological 
states. 

 For R. officinalis EO 86 compounds (97.4-97.6%), 
mainly monoterpenes, were found (Table 2). The main com-
ponents were 1,8-cineole (21.7-26.6%) and camphor (26.5-
26.6%) followed by -pinene (8.1-8.4%), verbenone (7.8-
8.0%) camphene (3.7-3.8%), limonene (2.8-3.1%), -
terpineol (2.9%) and borneol (2.7-2.8%). Sesquiterpenes 
were all below 0.5%. These data are in accordance with 
other literature investigating Himalayan rosemary EO [17]. 

3.2. Odor Description 

 The odor of N. cataria EO is described as warm-spicy, 
dry-floral and aromatic with a balsamic note. Olfactory 
evaluation of the EO of R. officinalis revealed a fresh-
herbaceous, slightly green-aromatic headnote with a terpeny 
eucalyptus touch, due to the high content of 1,8-cineole. 
Later the odor impression shifts to somewhat dusty-
balsamic. 

3.3. Antimicrobial Activity 

 Antimicrobial activities of the EOs of N. cataria and R. 
officinalis were determined by disc diffusion and broth dilu-
tion methods. Both methods were applied, because usually 
the diffusion method is used for preliminary testing of in-
hibitory activity of natural compounds, but it is characterized 
by some disadvantages such as limited diffusion of the oil 
into solid medium. On the other hand the diameter of inhibi-
tory zones strongly depends on external factors including 
type and thickness of nutritive medium into Petri dish, tem-
perature, etc. To overcome these disadvantages broth dilu-
tion method is strongly recommended as more reliable and 
reproducible. As shown in Table 3 both EOs demonstrated 
antimicrobial activity against all test microorganisms. Gram-
positive bacteria were more susceptible (MIC values starting 
from 160 g/ml) to antimicrobial effect of EOs in compari-
son to Gram-negative bacteria (MIC values from 640 g/ml 
to 5120 g/ml). Usually the different susceptibility of both 
bacterial types is explained by the presence of so-called outer 
membrane on the cell walls of Gram-negative bacteria, 
which to some extent prevent diffusion of the oil into the 
cells [34, 35]. Among the tested Gram-negative bacteria both 
species from genera Pseudomonas, P. aeruginosa and P. 
fluorescens, were more resistible to N. cataria and R. offici-
nalis EOs. In our previous investigations [36] we also de-
tected an increased resistance of psychrotrophic food spoil-
age Pseudomonas spp. against pimento, thyme, clove and 
oregano oils. Fluorescent strains were determined as highly 
resisting in comparison with non-fluorescent strains. This 
might be explained by the production of fluorescent pig-
ments by the strains which possibly inactivate the EOs and 
defend the cells by still unknown mechanisms (e.g. active 
efflux mechanism [37]). Of course such speculation needs 
additional experiments to be proved. Both yeast strains of C. 
albicans are characterized by susceptibility equal to Gram-
positive bacteria (MIC 160 g/ml). 

 

Table 2. Chemical composition of R. officinalis EO. 

compound RI# %AreaFID RI## %AreaFID 

cis-3-hexenol 846 0.1 1351 0.1 

tricyclene 924 0.1 1004 0.1 

-thujene 925 0.2    

-pinene 935 8.1 1015 8.4 

-fenchene 948 tr. 1043 tr. 

camphene 951 3.7 1051 3.8 

thuja-2,4(10)-diene 954 0.1 1106 0.2 

1-octen-3-ol 969 0.3 1422 0.4 

sabinene 972 0.1    

3-octanone 976 0.2 1235 0.2 

-pinene 978 2.5 1096 2.5 

3-octanol    1372 0.1 

myrcene 984 0.9 1138 0.8 

dehydro-1,8-cineole 988 tr. 1172 tr. 

octanal 993 tr.    

cis-3-hexenyl acetate 995 tr. 1288 tr. 

-phellandrene 1003 0.2 1144 0.2 

-3-carene 1015 0.1 1130  tr. 

-terpinene    1158 0.1 

p-cymene 1022 2.4 1244 2.4 

limonene 1029 3.1 1181 2.8 

1,8-cineole 1033 26.6 1202 27.3 

-terpinene 1056 tr. 1224 0.1 

cis-sabinene hydrate 1065 0.2 1444 0.2 

trans-linalool oxide 1069 tr. 1418 tr. 

cis-linalool oxide 1084 tr.    

terpinolene 1087 0.2 1259 0.1 

p-cymenene    1408 0.1 

linalool 1093 0.8 1522 1.0 

trans-sabinene hydrate 1097 0.2 1529 0.2 

a-pinene oxide 1100 tr.    

endo-fenchol 1116 0.1    

cis-p-menth-2-en-1-ol 1121 0.1 1540 0.2 

chrysanthenone 1124 0.3 1477 0.2 

trans-p-menth-2-en-1-ol 1140 0.1 1604 0.1 

trans-sabinol 1144 0.1 1774 tr. 
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Table (2) contd…. 

 

compound RI# %AreaFID RI## %AreaFID 

isopulegol    1547 0.2 

camphor 1150 26.5 1491 26.6 

trans-pinocarveol    1620 0.1 

cis-verbenol    1622 tr. 

camphene hydrate 1154 0.1 1569 tr. 

trans-verbenol    1649 0.2 

iso-isopulegol 1159 0.1 1535 0.1 

trans-pinocamphone 1163 0.1    

pinocarvone 1164 0.2 1538 0.2 

-terpineol 1167 0.5 1645 0.6 

borneol 1169 2.8 1668 2.7 

terpinen-4-ol 1179 1.5 1577 1.3 

p-cymen-8-ol 1182 0.2 1815 0.2 

cryptone 1186 0.1    

-terpineol 1191 2.9 1674 2.9 

myrtenal    1597 tr. 

myrtenol 1198 0.3 1759 0.2 

-campholenol 1201 0.1 1764 0.1 

trans-piperitol 1207 0.1 1720 tr. 

verbenone 1212 7.8 1682 8.0 

citronellol 1219 0.4 1741 0.4 

trans-carveol    1807 0.1 

isobornyl formate 1231 tr.    

geraniol 1246 0.2 1819 0.1 

piperitone 1255 0.1    

isopiperitenone 1271 0.1    

bornyl acetate 1286 0.4 1550 0.4 

thymol 1290 0.1 2125 tr. 

carvacrol 1296 tr. 2168 0.1 

4-hydroxy cryptone 1317 tr.    

piperitenone 1344 tr. 1896 tr. 

eugenol 1355 0.3 2118 0.4 

-ylangene 1365 0.1 1469 tr. 

-copaene 1381 0.1    

methyl eugenol 1394 0.2 1981 0.2 

(E)-caryophyllene 1434 0.5 1572 0.3 

 

Table (2) contd…. 

 

compound RI# %AreaFID RI## %AreaFID 

-copaene 1441 0.1    

geranyl acetone 1445 0.1 1830 0.1 

-humulene 1468 0.2 1632 tr. 

-muurolene 1485 0.1    

-bisabolene 1509 tr.    

-cadinene 1525 tr.    

-cadinene 1530 0.1 1730 tr. 

calacorene 1554 tr.    

caryophyllene oxide 1601 0.3 1959 0.3 

humulene epoxide I 1615 tr.    

humulene epoxide II 1627 0.2 2016 0.1 

cubenol 1647 0.1    

-muurol 1667 tr.    

sum   97.1   97.0 

# 50 m x 0.25 mm x 1.0 μm SE-54; ## 60 m x 0.25 mm x 0.25 μm CW20M; tr. = trace 
(<0.05%). 

 
The obtained antimicrobial results of N. cataria EO from 

Western Himalaya are comparable with those of the EO from 
the same botanical species from Iran [38]. Antimicrobial 
activity of the studied catnip oil sample was higher com-
pared to catnip oils with lower content of nepetalactone iso-
mers [13], indicating that inhibitory activity of EOs from N. 
cataria could be attributed to these compounds. Additional 
effects of constituents such as pinene and thymol might be 
assumed [39]. Antimicrobial activity of EO of R. officinalis 
from Western Himalaya can be attributes to compounds such 
as camphor, 1,8-cineole and -pinene, which is proven by 
the results of Celiktas et al. [40].

3.4. Repellent and Larvicidal Activity 

 In in vitro biting deterrent bioassays, both EO were more 
active than solvent control whereas biting activity in both 
oils was significantly lower than DEET (Fig. 2). It has been 
reported that topical application of catnip essential oil can 
effectively prevent biting by various mosquito species, and 
there is an evidence of spatial repellency [41, 42]. Chauhan 
et al. showed high activity of nepetalactones from catnip oil 
against Ae. aegypti in in vitro K & D bioassays, although 
efficacy of these compounds in in vivo cloth patch bioassays 
was significantly lower than DEET. In their study, catnip oil 
has been reported as insect repellent including mosquitoes 
and has also been marketed as an alternative repellent for 
biting arthropods. However, catnip oil and nepetalactone 
isomers were found less effective than DEET in deterring 
biting of Ae. aegypti by using in vitro and in vivo K& D bio-
assays [14]. Bernier et al. [41] reported lower activity of 
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Table 3. Antimicrobial activity of N. cataria and R. officinalis EOs and reference substances. 

Nepeta cataria Rosmarinus officinalis Ciprofloxacin Fluconazole Test microorganism 

IZ, 
mm 

MIC,  
g/ml 

IZ, 
mm 

MIC,  
g/ml 

IZ, 
mm 

MIC,  
g/ml 

IZ, 
mm 

MIC, 
g/ml 

B. cereus ATCC 11778 24.2 160 23.8 160 28.0 0.5 - - 

S. aureus ATCC 6538 26.3 320 25.2 320 30.0 0.5 - - 

S. aureus food isolate from spoiled minced meat 28.2 160 26.4 160 30.0 0.25 - - 

E. coli ATCC 8739 12.3 640 14.2 1280 21.5 0.5 - - 

E. coli food isolate from spoiled pork fillet 18.2 640 18.4 640 22.5 0.5 - - 

S. abony ATCC 6017 11.2 1280 10.4 2560 18.5 0.5 - - 

S. abony clinical isolate 10.3 1280 10.2 2560 12.5 0.5 - - 

P. aeruginosa ATCC 9027 nd 2560 nd 2560 15.0 1.0 - - 

P. aeruginosa clinical isolate nd 5120 nd 5120 12.0 2.0 - - 

P. fluorescens food spoilage isolate  

from spoiled pork fillet 

nd 2560 9.3 2560 16.5 1.0 - - 

C. albicans ATCC 10231 19.2 160 18.2 160 - - 21.0 1.0 

C. albicans clinical isolate 19.8 160 18.6 160 - - 16 16 

broth dilution and disc diffusion assays; nd = not detected 

 

 

Fig. (2). Proportion not biting values of N. cataria and R. officinalis EOs against female Ae. aegypti. DEET, at 4.8 μg/cm2, was used as posi-
tive control. Ethanol was used as solvent control. 

 

catnip EO than DEET in human based cloth patch assay 
against Ae. aegypti, Anopheles albimanus and An. quadri-
maculatus. Although the contents of nepetalactones were 
extremely high in these oil samples, biting deterrent activity 
was significantly lower than DEET in our bioassays. In an 
investigation of Schultz et al., (E,Z)-nepetalactone was found 
to be more repellent than the (Z,E)-isomer, even at a lower 
concentration [32]. 

 We recently investigated the single compounds camphor 
[43] and 1,8-cineole [44] which are major compounds of R. 
officinalis oil in the mosquito biting-deterrent activity. 

 Based on the biting deterrence index (BDI) values, (+)-
camphor (0.62), (-)-camphor (0.64) and 1,8-cineole (0.34) 
were active but the activity was significantly lower than 
DEET at the same concentration of 25 nm/cm2 in our previ-
ous study [44, 45]. 
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 In larvicidal screening bioassays, N. catarica showed 
high activity whereas the R. officinalis showed 50% 
mortality only at the highest tested dose of 125 ppm. LD50 
value of N. catarica was 20.2 (17.6 -23.2 ppm) against 1-d-
old Ae. aegypti at 24-h post treatment and there was no 
statistical increase in mortality at 28-h post treatment. 

CONCLUSION 

 The EOs of two Lamiaceae, N. cataria and R. officinalis, 
obtained by steam distillation from cultivated herbs in West-
ern Himalaya, were mainly composed of monoterpenes. Our 
results indicated high to moderate antimicrobial activity of 
both EOs against Gram-positive bacteria and C. albicans. 
They also showed moderate repellent activity, but N. cataria 
EO revealed high larvicidal activity against Ae. aegypti lar-
vae. There are three optically active centers in nepetalactone 
which account to eight stereoisomers and four diastereomers. 
Thermodynamically the (Z,E)/(E,Z)-isomers should be the 
most stable and therefore are present in higher amounts 
throughout the literature. In our investigated catnip oil only 
one isomer was found, probably due to environmental fac-
tors, which play a role in plant growth and EO production, 
resulting in significant discrepancies in biological properties. 
It has been claimed that character impact compounds of EOs 
are mainly responsible for their bioactivity, but there is much 
of evidence that a combination of two or more components is 
more effective than a single compound [39, 45, 46, 47, 48]. 
Therefore it can be assumed that compounds that have not 
been identified by two-dimensional analytical methods can 
also have a strong impact on bioactivity of EOs. 

 Based on the obtained results, Himalayan catnip EO and 
nepetalactones are promising targets to investigate for antim-
icrobial and larvicidal activity. Given the urgent need for 
environmentally safe chemicals, volatile constitutes from 
catnip EO warrant further search in mosquito control pro-
gram and antimicrobial agents. 
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