Joshi et al., Journal of Medicinal Herbs, Vol. 12, No. 2: 35-46, 2021
doi: 10.30495/MEDHERB.2021.683393

Journal of Medicinal Herbs
journal homepage:www.jhd.iaushk.ac.ir

Chemical composition and biological activities of Nepeta hindostana (Roth)
Haines, Nepeta graciliflora Benth. and Nepeta cataria L. from India
Monika Joshi1, Himani1, Ravendra Kumar1*, Om Prakash1, A. K. Pant1*, D.S. Rawat2
1

Department of Chemistry, College of Basic Sciences and Humanities, G.B. Pant University of Agriculture and
Technology, Pantnagar, U.S. Nagar-263145 Uttarakhand, India;
*Email: ravichemistry.kumar@gmail.com
2

Department of Biological Sciences, College of Basic Sciences and Humanities, G.B. Pant University of Agriculture
and Technology, Pantnagar, U.S. Nagar-263145 Uttarakhand, India;
ARTICLE

INFO

Type: Original Research
Topic: Medicinal Plants
Received January 28th2021
Accepted May 26th2021

Key words:







Nepeta species
cis-nepetalactone
β-farnesene
sesquisabinene
antioxidant activity
antidiabetic activity

ABSTRACT
Background & Aim: In traditional medicine system, Nepeta species are widely
used to reduce chicken pox, tuberculosis, malaria, pneumonia, influenza, measles,
stomach disorders, eye complaints, respiratory disorders, asthma, colds, coughs
etc. The aim of the present study was to evaluate the chemical composition and
biological activities of the essential oils from three species of genus Nepeta viz:
Nepeta hindostana (Roth) Haines (NHO), Nepeta graciliflora Benth (NGO) and
Nepeta cataria L (NCO).
Experimental: The essential oils were analysed by the combination of GC and
GC-MS. Antioxidant activity was tested by using reducing power assay, metal
chelating of Fe2 +assay, and DPPH radical scavenging assay. In-vitro
antinflammatory activity was evaluated using albumin denaturation assay and antidiabetic activity was determined by using α-amylase assay.
Results: The major components present in NCO, NHO and NGO were cisnepetalactone (69.78%), β-farnesene (43.41%) and sesquisabinene (28.75%),
respectively. NCO showed the highest percentage inhibition of DPPH radical
(IC50=5.89 µl/ml) followed by NHO (IC50=8.63 µl/ml) and then NGO (IC50=13.81
µl/ml). In terms of reducing power assay and metal chelating of Fe 2+ assay, the
highest antioxidant activity was also shown by NCO. Among the tested essential
oil, NCO showed highest in-vitro anti-inflammatory potential (IC50 18.463±0.14
µg/ml) followed by NGO and NHO with IC50 22.035±0.11 µg/ml and 26.17±0.14
µg/ml, respectively. NHO showed maximum antidiabetic activity with IC 50
8.92±0.10 µg/ml of α-amylase.
Recommended applications/industries: On the basis of present research work it
is marked that the essential oil of Nepeta hindostana (Roth) Haines, Nepeta
graciliflora Benth. and Nepeta cataria L. is a potent antioxidant, anti-inflammatory
and anti-diabetic agent indicating their potentiality in the field of food,
pharmaceutical and cosmetic industry.

biomolecules including lipid, protein, nucleic acids and
in severe cases causes coronary diseases like
myocardial infarction, neurological disorders, asthma,
diabetes, rheumatoid arthritis, cancer aging etc. (Valko
et al., 2009; Jeong et al., 2009). Antioxidants are the
substances that can prevent or slow damage to cells

1. Introduction
Reactive oxygen species includes the free radicals like
the superoxide anion, singlet oxygen, lipid peroxides
and the hydroxyl radical caused the oxidative damage
and free radicals also induces severe damage to the
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caused by free radicals; the most widely used synthetic
antioxidants are butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), propyl gallate (PG)
and tert-butyl hydroquinone (TBHQ). However, there
are several published studies mentioning the safety and
health issues of using synthetic antioxidants
(Botterweck et al., 2000). Similarly, Inflammation is a
complex process which is associated with pain and
involves
occurrences
like
enhanced
protein
denaturation, increased vascular permeability and
rearrangement of membrane. Chronic pain induced by
inflammatory process is a major clinical problem.
Diabetes mellitus is a metabolic disease characterized
by hyperglycemia resulting from defect in insulin
secretion. High blood sugar increases the risk of
paralysis, gangrene and several coronary diseases
leading to long-term complications. The inhibition of
α-amylase is an important therapeutic approach in the
management of type-2 diabetes mellitus to reduce the
reabsorption of glucose in the intestine (Sim et al.,
2010). Consequently, there has been increasing interest
in searching for and using natural antioxidant, antiinflammatory and antidiabetic agents. In present
scenario, essential oils and their components are being
used for therapeutic conditions as an alternative to
synthetic drugs because of their relatively safe status,
wide acceptance, efficiency and potential multipurpose
functional uses (Oboh et al., 2017; Navarra et al., 2015;
Kumar et al., 2019(.
Lamiaceae is an important family of flowering plants
which is known for its aromatic members, especially
the mints and balms with great medicinal value. The
family has the cosmopolitan distribution of about 236
genera and 6,900 to 7,200 species (Yuan et al., 2010).
The genus Nepeta is one of the largest genera of the
Lamiaceae family belongs to the subfamily nepetoideae
and tribe mentheae. It comprises of about 280
herbaceous, perennial, rarely annual species which are
substantially distributed in Himalayas and the
Southwestern Asia particularly in Iran, Turkey and
Hindu Kush. Iran is considered as the birthplace of the
genus Nepeta as about 53% out of 67 species of this
genus in Iran are endemic (Asgarpanah et al., 2014).
In Indian Himalayas region (Uttarakhand, Jammu &
Kashmir, Himachal Pradesh and Ladakh), many
cultural groups uses the some Nepata species (N.
hindustana (B. Heyne ex Roth) Haines, N. laevigata (D.
Don) Hand.- Mazz., N. leucophylla Benth., N.
longibracteata Benth.) as a traditional medicine to

reduce fever, cure cold and coughs, relief of pain (ear
and tooth pain) and fever, cure dysentery, treat malaria,
cure stomach disorders, and various other problems
(Bhat et al., 2013; Phondani et al., 2010; Bist et al.,
2012; Sharma et al., 2021). The enthno-medicinal uses
observed in the genus are mainly due to the presence of
phytochemical constituents. Several species of the
genus in their essential oils have been reported rich in
monoterpenes viz; 1,8-cineole, neral, α-citral, α-pinene,
linalool etc. (Sharma et al., 2021), along with βcaryophyllene (Bist et al., 2010; Hassan et al., 2011;
Joshi and Mathela, 2013), caryophyllene oxide (Rather
and Hassan, 2011), germacrene D (Bist et al., 1997).
The essential oil from aerial part of several Nepeta
species are also rich in biologically active compound
like nepetalactones that exhibits feline attractant
properties as it binds to the olfactory receptor of
domestic cats causing temporary euphoria (Herron,
2003; Reichert et al., 2010). A diversity of biologically
active compounds has been isolated from species of
Nepeta, such as phenolic acids and their glycosides
(rosmarinic acid, gallic acid, caffeic acid), flavonoids
and their glycosides (cirsimaritin, salvigenin, luteolin,
apigenin), iridoids (nepetalactones), terpenoids (1,8cineole, linalool, β-caryophyllene, germacrene D,
parnapimaro, β-amyrin, oleanolic acid, ursolic acid),
steroids (β-sitosterol, stigmasterol) etc. (Sharma et al.,
2021). Essential oil of the genus also possesses
biological activities like insect repellent, cytotoxic
activity, antioxidant activity, analgesic, antiinflammatory and CNS depressant activity (Peterson et
al., 2002; Suschke et al., 2007; Formisano et al., 2011;
Hussain et al., 2012). The project work is aimed at
phytochemical investigation and evaluation of
biological activities of Nepeta species: Nepeta
hindostana (Roth) Haines, Nepeta graciliflora Benth.
and Nepeta cataria L. in their essential oil from two
different Indian Himalayas region.

2. Materials and Methods
2.1. Collection of plant material
The plant Nepeta gracliliflora Benth. (herbarium no.
05098) was collected in blooming phase from Rajaji
national park region, Uttarakhand (30.2385° N,
77.9584° E), while Nepeta hindostana (Roth) Haines
(herbarium no. 47270) was also collected in blooming
phase from near Forest Research Institute region
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Dehradun, Uttarakhand (30.3438° N, 77.9996° E).
Both the plant material was identified by Dr. H.B
Naithani, botanist, Forest Research Institute Dehradun
and authenticated by Dr. D. S. Rawat, Assistant
Professor (Plant Taxonomist), Department of
Biological Sciences, College of Basic Science and
Humanities, Pantnagar. The Nepeta cataria L. was
obtained from Jammu by the courtesy of Dr. N. Mengi,
retired Scientist CIMAP, CSIR.

taken at 517 nm (Thermo fischer, evolution 101). The
% inhibition of DPPH free radical was calculated by
using the formula:
IC% = (A0 – At)/A0 × 100
Where, A0 = absorbance value of control sample, At
= absorbance value of test sample, IC = inhibitory
concentration.
The standard curve was drawn using catechin as
standard antioxidant to calculate the IC50 values for
different concentrations of essential oils.

2.2. Isolation of essential oil
Essential oil from aerial parts of Nepeta graciliflora
Benth, Nepeta hindostana (Roth) Haines and Nepeta
cataria L. were isolated by hydrodistillation in a
Clevenger-type apparatus (Clevenger, 1928). The plant
material (500 g) was crushed and hydrodistilled for 3 h.
Essential oils were collected, extracted with hexane and
desiccated over Na2SO4. The obtained oils were stored
in amber glass vials at 4 °C until use.

2.3.2. Metal chelating activity
The metal chelating activity of Fe2+ of essential oils
was measured as per the prescribed protocol by Gairola
et al. (2021). Reaction mixture consisting of 0.1 ml (2
mM) FeCl2.4H2O, 0.2 ml (5 mM) ferrozine and 4.7 ml
of methanol was added to different concentration of
essential oil (5-25 µL) and was incubated for half an
hour. The absorbance was taken at 562 nm. Na2EDTA
was used as the standard antioxidant. The metal
chelating activity was evaluated by using the formula:

2.3. GC-MS analysis of essential oils
The essential oils were analysed on GC/MS-QP2010,
Ulta DB-5, with column (30 m×0.25 mm; 0.25 µm).
The column temperature was programmed for 60-210
ºC at the rate of 3 ºC/min and then again up to 280 ºC at
the rate of 8 ºC/min and then hold upto11min. Helium
gas at the rate of 1.21 ml/min was used as the carrier
gas. The injector temperature was 210 ºC. MS were
recorded under EI condition (70 ev) with injection
volume of 0.1 μl with split mode of 1:100.
Identification of the constituents of the essential oils
done by comparing their mass spectra fragmentation
pattern and their retention indices with that of MS
library (NIST14.lib, FFNSC2.lib, WILEY8.LIB) and
comparing the spectra with literature data (Adams,
2007).

IC% = (A0 – At)/A0 × 100
Where, A0 = absorbance value of control sample, At
= absorbance value of test sample, IC = inhibitory
concentration.
2.3.3. Reducing power activity
The reducing power of oils was evaluated by the
method developed earlier and is being practiced (Parki
et al., 2017; Palariya et al., 2019).Varying
concentrations of essential oil (5-25 µl) were mixed
with 2.5 ml of phosphate buffer (200 mM, pH= 6.6)
and 2.5 ml of 1% potassium ferricyanide, K3[FeCN6].
After 20 minute incubation at 50±1ºC, 2.5 ml of
trichloroacetic acid was added to the mixtures,
followed by centrifugation at 650 RPM for 10 min. The
upper layer (1 ml) was mixed with 5ml distilled water
and 1 ml of 0.1% ferric chloride and absorbance of the
resultant solution were measured at 700 nm. All the
readings were taken as triplicate and BHT was used as
the standard. The reducing power of samples was
calculated using the following formula:

2.3. In-vitro antioxidant activity
2.3.1. DPPH (2,2-diphenyl-2-picrylhydrazyl)
scavenging activity
The free radical scavenging activity of the essential
oils were performed according to the method developed
earlier and are being practiced (Kumar et al., 2012;
Goswami et al., 2019; Lu et al., 2011). The assay
mixture contained 5 ml of 0.004% methanolic solution
of DPPH and different amount of test sample solution
of different concentrations (5-25 µl) and kept in dark
for half an hour for incubation and absorbance was

RP % = (A0 – At)/A0 × 100
where, A0 = absorbance value of control sample, At =
absorbance value of test sample, RP%= Reducing
power.
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2.4. In-vitro antinflammatory activity

2.6. Statistical analysis

In-vitro anti-inflammatory activity was screened as
per the developed protocol along with minor
adjustments in the protocol being practiced (Kar et al.,
2012; Dhami et al., 2019). The reaction mixture
consisting of essential oil (10-50 µl), 100 ppm (200 µl)
fresh albumin protein, 2.8 ml of freshly prepared
phosphate buffered saline (PBS) of pH 6.4 and make
up the final volume to 5 ml. The solution was kept in
incubation at 37 ºC for 15 min and then at 70 ºC for
5min. After cooling the absorbance was measured at
660 nm. Diclofenac sodium of various concentrations
was used as standard. The percent inhibition was
calculated by the formula:

All the experiments were conducted in three
replicates and the data were expressed in terms of
mean± standard deviation. Data illustrated in the tables
and the graphs were subjected to ANOVA at 1% level
of significance (P<0.01) for in-vitro antioxidant
activity, anti-inflammatory and antidiabetic activity.
Data analyzed were found to be significantly different
at the respective level of significance.

3. Results and discussion
3.1. Chemical composition (%) of essential oil NCO,
NHO and NGO collected from two different regions
(Uttarakhand and Jammu) of India

IB% = (A0 – At)/A0 × 100

The yields (v/w) of essential oils were found 0.3%
(NHO), 0.1% (NGO) and 0.3% (NCO), respectively.
The GC-MS analysis NCO (collected from Jammu)
revealed the presence of over thirteen compounds. The
major constituent found was cis-nepetalactone
accounting 69.7 % of the total oil composition. The
other main constituents identified were bicyclo [3.1.0]
hexane-2-undecanoic acid, methyl ester (14.0%), (cis,trans) nepetalactone (10.4%), 1-methyl-1-(2-methyl-1propenyl)cyclopentane (0.84%), β-pinene oxide
(0.5%), α-pinene (0.4%). Dehydronepetalactone was
identified to be present very low (0.7%) in amount.
Gilani et al. (2009) investigated the essential oil of
Nepeta cataria L. from North Western Pakistan and
reported 27 identified compounds.
The major
components reported were 1,8-cineol (21.0%),
humulene (14.4%), α-pinene (10.4%), geranyl acetate
(8.2%) and β-caryophyllene (6.3%). The major
difference was the absence of 1,8-cineol, geranyl
acetate, β-caryophyllene in NCO, which were the major
compounds as reported by Gilani et al. (2009).
The GC-MS analysis of NHO revealed the presence
of over forty three compounds from Garhwal region of
Uttarakhand. The essential oil was found to be rich in
sesquiterpenoids with β-farnesene (43.4%) as major
identified component of the essential oil. The other
major constituents (>1.0%) present were
(E)caryophyllene (19.5%), α-bergamotene (5.7%), βcaryophyllene epoxide (4.9%), β-bisabolene (3.3%), αbisabolene
(3.0%),
nerolidol
(2.6%),
βsesquiphellandrene (2.4%) cis-limonene oxide (2.0%),
cis-α-bisabolene (2.0%), trans-β-bergamotene (1.5%),
and limonene dioxide (1.2%). Kumar et al. (2019)

Where, A0 = absorbance value of control sample, At
= absorbance value of test sample, IB = inhibitory
concentration. The oil/drug concentration for 50%
inhibition (IB50) was determined by plotting percentage
inhibition with respect to control against treatment
concentration.
2.5 Anti-diabetic activity
The antidiabetic activity of NHO, NGO and NCO
was determined by using α-amylase assay as described
previously with slight modifications (Narkhede et al.,
2011; Nazir et al., 2021). Different concentration of
NHO, NGO, NCO and standard drug, Acarbose (10-50
µg/ml)were added to a reaction mixture containing 500
µl of 0.20 mM phosphate buffer (pH 6.9) and αamylase (0.5 mg/ml) and then incubated at 25ºC for 10
min. 500µl of starch solution was added to the above
solution and then incubated at room temperature for 10
min. Then 1 ml of 3,5- Dinitrosalicylic acid (DNSA)
solution was added to the mixture and placed in a
boiling water bath for 5 min and cooled at room
temperature. The reaction mixture was diluted by
adding 10 ml of distilled water and absorbance was
taken
at
540nm
wavelength
in
a
UV
spectrophotometer. The percentage inhibition was
calculated using the following formula:
Inhibition of α-amylase activity (%) = (A0 – At)/A0 ×
100
Where, A0 = absorbance value of control sample, At=
absorbance value of test sample.
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reported the presence of -caryophyllene (15.6%),
caryophyllene oxide (6.9%), δ-cadinene (39.8%) and
2,3-dihydrofarnesol (6.4%) as the major components in
the essential oil from aerial part of Nepeta hindostana
from Kumaun region of Uttarakhand. Uniquely it was

observed that the essential oil composition of N.
hindostana collected from Garhwal region has different
chemical makeup, than that of Kumaon region Kumar
et al. (2019).

Table 1. Chemical composition (%) of essential oil NCO, NHO and NGO collected from two different regions
(Uttarakhand and Jammu) of India.
S.N.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

Compounds

KI

1-octene-3-ol
α-pinene (MT)
β-pinene oxide (OM)
2-methyl oct-3-yne
β-myrcene (MT)
1-(1-cyclohexen-1-yl)-ethanone
1-acetylcyclohexene
p-cymene (MT)
(Z)-β-ocimene (MT)
α-ocimene (MT)
α-cumyl alcohol (OM)
α-terpinolen (OM)
3-thujanol
linalool (OM)
nonanal
1-octen-3-yl acetate
myrcenol (OM)
1,2 dimethyl-2-norbornanol
limona ketone
dehydrolinalool (OM)
cis-limonene oxide (OM)
α-terpineol (OM)
1-terpinen-4-ol (OM)
neodihydrocarveol (OM)
β-cyclocitral (OM)
thymol methyl ether (OM)
6-camphanol acetate
hexadecadien-(11z,13z)-al
2-norbornanol, 1,2-dimethylbornyl acetate (OM)
menthyl acetate (OM)
2-methyl-10-undecenal
cis-, trans-nepetalactone
(4aα,7β,7aα –nepetalactone) (OM)
α-longipinene (ST)
epoxy-α-terpenyl acetate (OM)
cis-nepetalactone (4a-α,7-α,7a-α
nepetalactone) (OM)
α- copaene (ST)
β-elemene (ST)
β-longipinene (ST)
Z-caryophyllene (ST)
α.-bergamotene (ST)
damascenone A (OM)
β-caryophyllene (ST)
(E)-caryophyllene (ST)
β-copaene (ST)
trans-β-bergamotene (ST)
α-farnesene (ST)
β-farnesene (ST)
α-humulene (ST)
germacrene D (ST)
β-bisabolene (ST)
cis-α-bisabolene (ST)
α-bisabolene (ST)
sesquicineole (OS)

910
936
943
981
991
1021
1023
1025
1037
1050
1080
1088
1100
1101
1103
1112
1124
1125
1131
1133
1144
1175
1177
1198
1223
1235
1242
1243
1246
1287
1297
1328
1337

39

Jammu
NCO
0.4
0.5
0.1
t
0.1
0.8
10.4

Contribution %
Uttarakhand
NGO
NHO
0.1
0.1
t
t
t
0.6
0.2
0.4
t
0.3
0.8
t
0.1
0.1
0.1
0.2
0.9
t
0.4
0.1
1.2
2.0
t
0.2
0.7
t
0.3
0.1
0.1
t
0.2
-

1352
1352
1360

69.7

-

0.2
0.2
-

1374
1390
1400
1404
1412
1414
1418
1430
1432
1434
1445
1453
1454
1485
1505
1506
1507
1515

0.5
t
-

0.9
0.1
0.1
t
2.5
0.3
1.8
6.4
2.4
t
3.7
0.1

0.2
0.3
0.1
5.7
19.5
1.5
43.4
0.4
3.3
2.0
3.0
-
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55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

β-sesquiphellandrene (ST)
β-sesquisabinene hydrate (ST)
limonene dioxide 1 (OM)
dehydronerolidol (OS)
nerolidol (OS)
tridec-(2e)-en-1-ol
epi-longipinanol (OS)
caryophyllene oxide (OS)
β-caryophyllene epoxide (OS)
(Z,E)-farnesol (OS)
sesquisabinene (ST)
(Z)-sesquilavandulol (OS)
humulene epoxide (OS)
(E)-sesquilavandulol (OS)
dodecatrien-1-ol 6,11-dimethyl-2,6,10α-cadinol (OS)
cubenol (OS)
α-bisalolol oxide (OS)
turmerone (OS)
farenal
trans-Z-α -bisbolene epoxide (OS)
guaia-3,10(14)-dien-11-ol (OS)
E,E-farnesol (OS)
neral (OS)
β-sinensal (OS)
E-apritone (OS)
2Z,6E-farnesol (OS)
1-hexadecanal
farnesene epoxide (OS)
8- α-11-elimodiol
β-acoradienol (OS)
curcumen-15-al (OS)
β-bisabolenal (OS)
γ-curcumen-15-al (OS)
β-bisabolenol (OS)
lanceol acetate (OS)
α-bisabolol acetate (OS)
(E)-phytol (OD)
ledane
palmitic acid
heptadecanoic acid
phytol acetate (OD)
tricosane
(Z)-lanceol (OS)
dehydronepetalactone (OM)
bicyclo[3.1.0]hexane 2 undecanoic acid, methyl
ester
Monoterpene hydrocarbon (MT)
Oxygenated monoterpene (OM)
Sesquiterpene hydrocarbon (ST)
Oxygenated sesquiterpene (OS)
Oxygenated diterpene (OD)
Others
Total

1522
1524
1526
1562
1563
1570
1575
1579
1580
1584
1590
1607
1608
1632
1634
1640
1645
1658
1669
1670
1675
1680
1692
1694
1699
1708
1715
1734
1738
1741
1763
1768
1769
1775
1789
1795
1798
1949
1958
1970
2074
2218
2300
2518
-

0.1
0.7
14.0

1.7
0.2
0.4
0.4
10.2
9.4
28.7
0.2
4.7
0.3
0.1
0.6
0.2
0.1
0.3
t
0.1
0.1
t
0.2
0.1
0.1
0.5
2.1
0.1
0.9
0.1
0.6
1.1
0.9
1.0
2.5
0.1
1.1
2.0
-

2.4
0.1
1.3
2.7
0.1
0.1
5.0
0.2
0.1
t
t
0.2
0.4
0.6
t
0.1
t
-

0.5
82.2
0.6
0.1
14.0
97.4

0.0
2.4
48.7
33.6
1.1
9.1
94.9

0.6
4.7
82.2
8.7
0.6
0.8
97.6

KI: Kovat index, t: trace amount (less than 0.1%), NCO= Nepeta cataria L. essential oil, NGO= Nepeta graciliflora Benth.
essential oil, NHO= Nepeta hindostana (Roth) Haines essential oil

and β-bisabonelol (1.1%). The other compounds
identified were present in low quantities (<1%).
Sharma et al. (2015) reported the presence of twenty
seven components in Nepeta graciliflora Benth.
accounting 91.44% of the total oil composition from
Himanchal Pradesh. Octenyl acetate, 1- acetyl
cyclohexane, limonene oxide, α-copaene, αbergamotene,
β-caryophyllene,
germacrene-D,
sesquicineole, α-zingiberene, β-sesquiphellandrene,

The GC-MS analysis of NGO (collected from
Uttarakhand) revealed the presence of sixty four
compounds The major constituents identified were
sesquisabinene (28.7%), caryophyllene oxide (10.1%),
(Z, E) farnesol (9.4%), α-farnesene (6.4%), humulene
epoxide (4.7%), β-bisbolene (3.6%), heptadecanoic
acid (2.5%), α-humulene (2.4%), 8-α11-elimodiol
(2.1%), β-sesquiphellandrene (1.6%), limonene oxide
(1.2%), trans-β-bergamotene (1.8%), tricosane (1.1%)
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caryophyllene oxide and humulene epoxide were
reported in the sample. Comparing the results it was
observed that β-sesquiphellandrene identified in our
sample from Garhwal region (Uttrakahand) was lower
(1.6%) in quantity than that of reported (28.5%) by
Sharma et al. (2015) from Himanchal Pradesh.
NCO was found to be possess high content of
oxygenated monoterpenoid (81.4%) whereas, NGO and
NHO were potentially rich in sesquiterpenoid (49.2%)
and (82.2%), respectively. The major compound
present in NCO was cis-nepetalactone contributing
about 69.7% of the total oil composition while in NGO
and NHO the major compounds were sesquisabinene
(28.7%) and β-farnesene (43.4%), respectively. These
chemical differences and similarities might be due to
chemotaxonomic differences among plant species, their

intra-specific origin and different regions of origin. It
has also been reported that the essential oil of Nepeta
species have complex compositions which varies due to
genotypic/chemotypic
variations,
climatic
and
ecological conditions.The plant parts and vegetative
cycle state also plays significant role (Asgarpanah et
al., 2014). It has been observed that within the Indian
subcontinent itself there is significant variations in
chemical compositions of essential oils of Nepeta
species growing from Kashmir to North west regions
(Bist et al., 2010; Hassan et al., 2011; Joshi and
Mathela, 2013; Rather and Hassan, 2011; Thappa et al.,
2001) (Table 2). Thus, the results are of
chemotaxonomic significance and indicative of rich
chemodiversity among Nepeta species.

Table 2. Chemotypic difference in essential oils of some Nepeta species growing in Uttarakhand and Kashmir
regions of India
Nepeta species

N. discolor

N. govaniana

N. clarkei

N. elliptica

N. laevigata

Uttarakhand Region,
(Major constituent %)

[Ref.]

1-8 cineole (25.5),
-caryophyllene (18.6),
p-cymene (9.8)
isoiridomyrmecin
(35.2),
pregeijerene (20.7)

Bisht et al., 2010

iridodial
β-monoenol
acetate
diastereomers
(25.3),
-sesquiphallandrene
(22.0),
germacrene D (13.0),
-guaine (10.0)
(7R)-trans,transnepetalactone (83.4)

Bisht et al., 2010

1,8-cineole (11.1),
-caryophyllene (5.7),
caryophyllene
oxide
(15.2),
pimaradiene (4.7)

Joshi et al., 2010

Bisht et al., 2010

Bisht et al., 2010

3.2 In-vitro antioxidant activity

Jammu & Kashmir
Region, (Major
Constituent %)
-pinene (15.5),
-Pinene (12.6),
linalyl acetate (12.3)
4a, 7, 7a nepetalactone
(25.9),
germacrene D (20.5),
-lemene (17.5)
caryophyllene oxide (14.1),
kaur-16-ene (36.6),
pimara 7, 15 -diene -3-one
(19.7),
pimara-7, 15 -diene -3-ol
(4.0)
-lemene (23.4),
-Humulene (11.8),
bicyclogermacrene (13.1)
4a,7, 7aNepeta lactone
(2.0),
-citronellol (16.5),
-bourbonene (4.5),
-caryophyllene (10.8),
germacrene D (19.4),
-bisabolol oxide (12.4),
-bisabolol (5.3)

[Ref.]

Thappa et al., 2001

Thappa et al., 2001

Rather and Hassan, 2011

Hassan et al., 2011

Hassan et al., 2011

spectrophotometer. In the present study DPPH assay
was carried out to determine the antioxidant properties
of essential oils. The highest antioxidant activity was
possessed by NCO (IC50=5.89±0.00 µg/ml) followed
by NHO (IC50=8.63±0.02 µg/ml) and then NGO
(IC50=13.81±0.1 µg/ml) (Table 3). However, no
essential oils showed maximum antioxidant potential
than the synthetic antioxidant catechin (IC50=2.07±0.01
µl/ml).

3.2.1. DPPH radical scavenging activity
DPPH free radical assay is based on electron-transfer
that produces a violet solution in ethanol. This free
radical is stable at room temperature and when it comes
in contact with an antioxidant molecule, it is reduced
and changes its colour. Hence DPPH assay is an easy
way to determine antioxidant activity by using
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3.2.2. Metal chelating activity of Fe2+

NCO (9.80±0.09 µg/ml) showed maximum chelating
power and NGO (25.28±0.05 µg/ml) possessed least
chelating power. The decreased chelating power in
different oils was observed in the order: NCO
(9.80±0.09 µg/ml) > NHO (14.72±0.02 µg/ml) > NGO
(25.28±0.05 µg/ml), compared to the standard
antioxidant EDTA (IC50=5.56±0.07 µg/ml). The
observed dose dependant chelating powers in oils and
standard antioxidant has been recorded in Table 3.

The chelating reagent ferrozine used as chelator in
the given reaction system. The ferrozine forms
complexes with the free Fe2+ ions. In the presence of
chelating agent, the complex formation between the
ferrozine and Fe2+ ions is disrupted, which results the
change in the colour of the complex. By measuring the
colour reduction, it allows us to estimate the metal
chelating activity of the chelator (Pal et al., 2011).

Table 3. Antioxidant activity in terms of IC50 values for essential oil of Nepeta species.
Sample and standards
NHO
NCO
NGO
Catechin
Na2-EDTA
BHT

DPPH radical scavenging
activity
8.63±0.02
5.89±0.00
13.81±0.11
2.07±0.01
-

Metal chelating activity of Fe2+

Reducing power Activity

14.72±0.02
9.80±0.09
25.28±0.05
5.56±0.07
-

10.18±0.07
9.58±0.01
12.02±0.01
3.41±0.10

NCO= Nepeta cataria L. essential oil, NGO= Nepeta graciliflora Benth. essential oil, NHO= Nepeta hindostana (Roth) Haines
essential oil, Na2-EDTA= Disodium salt of ethylenediaminetetraacetic acid, BHT= Butylated hydroxyl toluene

good antioxidant potential (Bist et al., 2012; Sharma et
al., 2021; Jianu et al., 2021; Panday et al., 2015). The
highest antioxidant potential of NCO may be due to the
richness of biologically active secondary metabolite
nepetalactone (69.7%) in the essential oil. Previous
study has also revealed the highest percentage of
nepetalactone in the essential oil possessing good
antioxidant activity (Ashrafi et al., 2019; Adiguzel et
al., 2009). The good antioxidant activity of NCO
essential oil might also be due to the synergistic effect
of major, minor constituents of the essential oil.

3.2.3. Reducing power Activity
The ferric reducing antioxidant power (FRAP)
method was used for assessing “antioxidant power.” In
this method reduction of yellow colored ferric ions
(Fe3+) to bluish green ferrous ions (Fe2+) complex took
place at low pH (acidic medium). NCO showed highest
antioxidant activity (RP50= 9.58±0.01 µg/ml) followed
by NHO (RP50=10.18±0.07 µg/ml). Reducing power of
NCO, NHO and NGO was found in the order: NCO>
NHO> NGO. However, none of the oils exhibited
higher reducing power activity than the synthetic
antioxidant that is used as a standard, BHT (RP 50=
3.41±0.10 µg/ml) (Table 4).

3.3 In-vitro Anti-inflammatory activity
NCO, NGO and NHO exhibited potential to inhibit
protein denaturation at all concentrations. NGO showed
highest inhibitory activity with IB50 22.033±0.11 µg/ml
followed by NHO and NCO with IB50 27.07± 0.18
µg/ml and 31.22 ± 0.84 µg/ml, respectively (Table 4).
Essential
oils/extracts/
bioactive
components
(phenolics, glycosides, flavonoids, terpenoids, fatty
acids & steroids) of various species of Nepeta (N.
atlantica, N. tuberosa, N. caesarea, N. cataria, N.
clarkei, N. crispa, N. granatensis, N. italic, N.
parmiriensis, N. sibthorpii, N. pogonosperma, N.
tuberose, N. asterotricha, N. angustifolia) exhibited
analgesic, antipyretic and anti-inflammatrory activity
(Sharma et al., 2021). Compounds like α-pinene and βcaryophyllene has been reported to possess antiinflammatory activity (Kim et al., 2015; Öztürk and
Özbek, 2011). These compounds are also reported in

Table4. In-vitro anti-inflammatory activity in terms of
IB50 values for essential oil of Nepeta species.
Sample and standards

IB50 value

NHO
NCO
NGO
Diclofenac sodium

26.17±0.14
18.46±0.10
22.03±0.10
18.91±0.2

NCO= Nepeta cataria L. essential oil, NGO= Nepeta
graciliflora Benth. essential oil, NHO= Nepeta hindostana
(Roth) Haines essential oil.

Literature survey revealed that essential oils of genus
Nepeta viz: N. nuda, Nepeta faassenii, N. cataria, N.
clarkei, N.hindostana, N. erecta, N. govaniana, N.
laevigata, N. bulgaricum, N. transcaucasica, N.
menthoides etc. and constituents (nepatolactones,
caryophyllene, caryophyllene oxide, α-pinene, βfarnesene, sesquisabinene hydrate etc.) presents in the
essential oils of Nepeta species and other plants possess
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the chemical composition of Nepeta sp. essential oil. In
N. cataria essential oil, the anti-inflammatory activity
may be due to the presence of nepetalactone which has
been also reported in the previous studies (Ricci et al.,
2010).

(Advance Instrumentation Research Facility), JNU,
New Delhi, India for GC-MS analysis. Thanks are also
due to G. B. Pant University of Agriculture and
Technology, Pantnagar for providing necessary
research facilities.

3.4. Anti-diabetic activity

6. References

Acarbose (standard drug) at a concentration of 50
µg/ml showed 85.72% inhibitory effects on the αamylase activity with an IC50 value 13.72±0.21 µg/ml.
Essential oil of NHO exhibited highest inhibitory
effects with an IC50 8.92±0.10 µg/ml followed by NCO
and NGO with IC50 14.61±0.08 µg/ml and 15.60±0.29
µg/ml, respectively (Table 5). Methanolic extract of
Nepeta hindostana has been also reported to possess
anti diabetic activity against streptozotocin-induced
diabetes model (Devi and Singh, 2016). The in vitro
anti-diabetic activity of essential oil of Nepeta
hindostana (Roth) Haines, Nepeta graciliflora Benth.
and Nepeta cataria L. has not been reported previously.
Anti-diabetic activities of essential oils from three
Nepeta species can mainly be attributed to the active
major compounds present in them. However, minor
constituents as well can have a synergic role in the total
activity of the oil.

Adams, R.P. 2007. Identification of essential oil
components by gas chromatography mass
spectroscopy. Allured Publishing Corporation, USA.
Adiguzel, A., Ozer, H., Sokmen, M., Gulluce, M.,
Sokmen, A., Kilic, H., Sahin, F. and Baris, O.Z.
2009. Antimicrobial and antioxidant activity of the
essential oil and methanol extract of Nepeta cataria.
Polish Journal of Microbiology, 58(1):69-76.
Asgarpanah, J., Sarabian, S. and Ziarati, P. 2014.
Essential oil of Nepeta genus (Lamiaceae) from Iran:
a review. Journal of Essential Oil Research, 26(1):112.
Ashrafi, B., Ramak, P., Ezatpour, B. and Talei, R.G.
2019. Biological activity and chemical composition
of the essential oil of Nepeta cataria L. Journal of
Research in Pharmacy, 23(2):336-343.
Bhat, J.A., Kumar, M. and Bussmann, R.W. 2013.
Ecological status and traditional knowledge of
medicinal plants in Kedarnath Wildlife Sanctuary of
Garhwal Himalaya, India. Journal of Ethnobiology
and Ethnomedicine, 9(1): 1-18.
Bisht, D.S., Padalia, R.C., Singh, L., Pande, V., Lal, P.
and Mathela, C.S. 2010. Constituents and
antimicrobial activity of the essential oils of six
Himalayan Nepeta species. Journal of the Serbian
Chemical Society, 75(6): 739-747.
Bisht, M., Sharma, S. and Mathela, C.S. 1997.
Investigation of Himalayan Nepeta Species VII:
essential oil of Nepeta spicata Benth. Asian Journal
of Chemistry, 9(4): 612.
Bisht, V.K., Rana, C.S., Negi, J.S., Bhandari, A.K.,
Purohit, V., Kuniyal, C.P. and Sundriyal, R.C. 2012.
Lamiaceous ethno-medico-botanicals in Uttarakhand
Himalaya, India. Journal of
Medicinal Plants
Research, 6(26): 4281-4291.
Botterweck, A.A.M., Verhagen, H., Goldbohm, R.A.,
Kleinjans, J. and Van den Brandt, P.A. 2000. Intake
of butylated hydroxyanisole and butylated
hydroxytoluene and stomach cancer risk: results from
analyses in the Netherlands cohort study. Food and
Chemical Toxicology, 38(7):599-605.

Table 5. Anti-diabetic activity of essential oil of
Nepeta species in terms of IC50.
Sample and standards

IC50 value

NHO
NCO
NGO
Acarbose

8.92±0.10
14.61±0.08
15.60±0.29
13.72±0.21

NCO= Nepeta cataria L. essential oil, NGO= Nepeta
graciliflora Benth. essential oil, NHO= Nepeta hindostana
(Roth) Haines essential oil.

4. Conclusion
The Nepeta species are aromatic and medicinal herbs
which provide us a rich source of bioactive essential
oils and biological active secondary metabolites. On
the basis of present research work it is marked that the
essential oil of Nepeta hindostana (Roth) Haines,
Nepeta graciliflora Benth. and Nepeta cataria L. is a
potent antioxidant, anti-inflammatory and anti-diabetic
agent indicating their potentiality in the field of food,
pharmaceutical and cosmetic industry.

5. Acknowledgements
Authors

are

thankfully

acknowledged

AIRF

43

Joshi et al., Journal of Medicinal Herbs, Vol. 12, No. 2: 35-46, 2021

Clevenger, J.F. 1928. Apparatus for the determination
of volatile oil. Journal of Pharmaceutical Sciences,
17(4): 345-349.
Dhami, A., Singh, A., Palariya, D., Kumar, R., Prakash,
O., Rawat, D. S. and Pant, A. K. 2019. α-Pinene rich
bark essential oils of Zanthoxylum armatum DC.
from three different altitudes of Uttarakhand, India
and their antioxidant, in vitro anti-inflammatory and
antibacterial activity. Journal of
Essential Oil
Bearing Plants, 22(3): 660-674.
Devi, S. and Singh, R. 2016. Antidiabetic activity of
methanolic extract of Nepeta hindostana herb in
streptozotocin induced diabetes in rats. International
Journal of Pharmaceutical Sciences. 8(7): 330-5.
Formisano, C., Rigano, D. and Senatore, F. 2011.
Chemical Constituents and Biological Activities of
Nepeta Species. Chemistry and Biodiversity, 8:17831818.
Gairola, K., Gururani, S., Kumar, R., Prakash, O.,
Agarwal, S. and Dubey, S.K. 2021. Phytochemical
composition, antioxidant, and anti-inflammatory
activities of essential oil of Acmella uliginosa (Sw.)
Cass. grown in North India Terai region of
Uttarakhand. Trends in Phytochemical Research,
5(1): 44-52.
Gilani, A.H., Shah, A.J., Zubair, A., Khalid, S., Kiani,
J., Ahmed, A., Rasheed, M. and Ahmad, V.U. 2009.
Chemical composition and mechanisms underlying
the spasmolytic and bronchodilatory properties of the
essential oil of Nepeta cataria L. Journal of
Ethnopharmacology, 121(3):405-411
Hassan, T., Rather, M.A., Shawl, A.S., Bhat, K.A.,
Bhat, H.M., Dar, B.A., Dar, G.H. and Qurishi, M.A.
2011. Chemical composition of the essential oils of
Nepeta laevigata and Nepeta elliptica from India.
Chemistry of Natural Compounds, 47(3):456-458.
Herron, S. 2003. Catnip, Nepeta cataria, a
morphological comparison of mutant and wild type
specimens
to
gain
an
ethnobotanical
perspective. Economic Botany, 57(1): 135-142.
Hussain, J., Rehman, N.U., Hussain, H., Al-Harrasi, A.,
Ali, L., Rizvi, T.S. and Ahmad, M. 2012. Analgesic,
anti-inflammatory, and CNS depressant activities of
new constituents of Nepeta clarkei. Fitoterapia,
83(3):593-598.
Jeong, J.B., Park, J.H., Lee, H.K., Ju, S.Y., Hong, S.C.,
Lee, J.R., Chung, G.Y., Lim, J.H. and Jeong, H.J.
2009. Protective effect of the extracts from Cnidium
officinale against oxidative damage induced by

hydrogen peroxide via antioxidant effect. Food and
Chemical Toxicology, 47(3): 525-529.
Jianu, C., Moleriu, R., Stoin, D., Cocan, I., Bujanca,
G., Pop, G., Lukinich-Gruia, A.T., Muntea, D., Rusu,
L.C. and Horha, D.I. 2021. Antioxidant and
antibacterial activity of Nepeta × faassenii Bergmans
ex stearn essential oil. Applied Science, 11:442.
Joshi, R.K. and Mathela, C.S. 2013. Chemical
constituents of leaf essential oil from Nepeta
laevigata (D. Don) Hand.-Mazz from Kumaun
Himalaya. American Journal of Essential Oils and
Natural Products, 1:7-10.
Kar, B., Kumar, R.S., Karmakar, I., Dola, N., Bala, A.,
Mazumder, U.K. and Hadar, P.K. 2012. Antioxidant
and in-vitro anti-inflammatory activities of Mimusops
elengi leaves. Asian Pacific Journal of Tropical
Biomedicine, 2(2): S976-S980.
Kim, D.S., Lee, H.J., Jeon, Y.D., Han, Y.H., Kee, J.Y.,
Kim, H.J., Shin, H.J., Kang, J.W., Lee, B.S., Kim,
S.H., Kim, S.J., Park, S.H., Choi, B.M., Park, S.J.,
Um, J.Y. and Hong, S.H. 2015. Alpha-pinene
exhibits anti-inflammatory activity through the
suppression of mapks and the nf-κb pathway in
mouse peritoneal macrophages. Am Journal of
Chinese Medicine, 43(4):731-742.
Kumar, R., Kumar, R., Prakash, O., Srivastava, R.M.
and Pant, A.K. 2019. Chemical composition, in vitro
antioxidant, anti-inflammatory and antifeedant
properties in the essential oil of Asian marsh weed
Limnophila
indica
L.
(Druce). Journal
of
Pharmacognosy and Phytochemistry, 8(1): 16891694.
Kumar, R., Prakash, O., Pant, A.K., Isidorov Valery, A.
and Mathela, C.S. 2012. Chemical composition,
antioxidant and myorelaxant activity of essential oils
of Globba sessiliflora Sims. Journal of Essential Oil
Research, 24(4):385-391.
Kumar, V., Mathela, C.S., Kumar, M. and Tewari, G.
2019. Antioxidant potential of essential oils from
some Himalayan Asteraceae and Lamiaceae
species. Medicine in Drug Discovery, 1: 100004.
Lu, M., Yuan, B., Zeng, M., and Chen, J. 2011.
Antioxidant capacity and major phenolic compounds
of spices commonly consumed in China. Food
Research International, 44(2): 530-536.
Narkhede, M.B., Ajimire, P.V., Wagh, A.E., Mohan,
M. and Shivashanmugam, A.T. 2011. In vitro
antidiabetic activity of Caesalpina digyna (R.)

44

Joshi et al., Journal of Medicinal Herbs, Vol. 12, No. 2: 35-46, 2021

methanol root extract. Asian Journal of Plant
Science and Research,1(2):101-106.
Nazir, N., Zahoor, M., Uddin, F.and Nisar, M. 2021.
Chemical composition, in vitro antioxidant,
anticholinesterase, and antidiabetic potential of
essential oil of Elaeagnus umbellata Thunb. BMC
Complementary Medicine and Therapies, 21(1): 113.
Navarra, M, Mannucci, C, Delbò, M. and Calapai, G.
2015. Citrus bergamia essential oil: from basic
research to clinical application. Frontiers in
Pharmacology, 6: 36.
Oboh, G., Olasehinde, T.A. and Ademosun, A.O. 2017.
Inhibition of enzymes linked to type-2 diabetes and
hypertension by essential oils from peels of orange
and lemon. International journal of food properties,
20(sup1):S586-S594.
Öztürk, A. and Özbek, H. 2005. The anti-inflammatory
activity of Eugenia caryophyllata essential oil: an
animal model of anti-inflammatory activity.
European Journal of General Medicine, 2(4):159163.
Pal, J., Singh, S.P., Prakash, O., Batra, M., Pant, A.K.
and Mathela, C.S. 2011. Hepatoprotective and
antioxidant activity of Zingiber chrysanthum Rosec.
rhizomes. Asian journal of traditional medicines,
6(6):242-251.
Palariya, D., Singh, A., Dhami, A., Kumar, R., Pant, A.
K. and Prakash, O., 2019. Phytochemical analysis
and screening of antioxidant, antibacterial and
antiinflammatory activity of essential oil of Premna
mucronata Roxb. leaves. Trends in Phytochemical
Research, 3(4):275-286
Pandey, A.K., Mohan, M., Singh, P. and Tripathi, N.N.
2015. Chemical composition, antioxidant and
antimicrobial activities of the essential oil of Nepeta
hindostana (Roth) Haines from India. Records of
Natural Products, 9(2): 224.
Parki, A., Chaubey, P., Prakash, O., Kumar, R. and
Pant, A.K. 2017. Seasonal variation in essential oil
compositions and antioxidant properties of Acorus
calamus L. accessions. Medicines, 4(4): 81.
Peterson, C.J., Nemetz, L.T., Jones, L.M. and Coats,
J.R. 2002. Behavioral activity of catnip (Lamiaceae)
essential oil components to the German cockroach
(Blattodea:
Blattellidae).
Journal of Economic
Entomology, 95(2): 377-380.
Phondani, P.C., Maikhuri, R.K., Rawat, L.S.,
Farooquee, N.A., Kala, C.P., Vishvakarma, S.R.,

Rao, K.S. and Saxena, K.G. 2010. Ethnobotanical
uses of plants among the Bhotiya tribal communities
of Niti Valley in Central Himalaya, India.
Ethnobotany Research and Applications, 8: 233–
244.
Rather, M.A. and Hassan, T. 2011. Analysis of the
diterpene rich essential oil of Nepeta clarkei Hooke.
from Kashmir Himalayas by capillary GC-MS.
International Journal of Chemtech Research, 3:959–
962.
Ricci, E.L., Toyama, D.O., Lago, J.H.G., Romoff, P.,
Kirsten, T.B., Reis-Silva, T.M. and Bernardi, M.M.
2010. Anti-nociceptive and anti-inflammatory actions
of Nepeta cataria L. var. citridora (Becker) Balb.
essential oil in mice. Journal of Health Science
Institute, 28(3): 289–293.
Reichert, W., Ejercito, J., Guda, T., Dong, X., Wu, Q.,
Ray, A., and Simon, J. E. 2019. Repellency
assessment of Nepeta cataria essential oils and
isolated nepetalactones on Aedes aegypt. Scientific
Reports.
Sharma, A., Cooper, R., Bhardwaj, G. and Cannoo,
D.S. 2021. The genus Nepeta: traditional uses,
phytochemicals and pharmacacological activities.
Journal of Ethnopharmacology, 268: 113679.
Sharma, P., Shah, G.C., Sharma, R. and Dhyani, P.
2015. Chemical composition and antibacterial
activity of essential
oil
of
Nepeta
graciliflora Benth. (Lamiaceae). Natural Product
Research, 30(11):1332-1334.
Sim, L., Jayakanthan, K., Mohan, S. and Nasi, R. 2010.
New glucosidase inhibitors from an Ayurvedic herbal
treatment fot type 2 diabetes: structures and
inhibition of human intestinal maltase-glucoamylase
with
compounds
from
Salacia
reticulate.
Biochemistry, 49:443-51.
Goswami, S., Kanyal, J., Prakash, O., Kumar, R.,
Rawat, D.S., Srivastava, R.M. and Pant, A.K. 2019.
Chemical composition, antioxidant, antifungal and
antifeedant activity of the salvia reflexa hornem.
essential oil. Asian Journal of Applied Science,
12(4):185-191.
Suschke, U., Sporer, F., Schneele, J., Geiss, H,K. and
Reichling, J. 2007. Antibacterial and cytotoxic
activity of Nepeta cataria L., N. cataria var.
citriodora (Beck.) Balb. and Melissa officinalis L.
essential
oils. Natural
Product
Communications, 2(12): 1277-1286.

45

Joshi et al., Journal of Medicinal Herbs, Vol. 12, No. 2: 35-46, 2021

Thappa, R.K., Agarwal, S.G., Srivastava, T.N. and
Kapahi, B.K. 2001. Essential oils of four Himalayan
Nepeta
species. Journal
of
Essential
Oil
Research, 13(3):189-191.
Valko, M., Leibfritz, D., Moncol, J., Cronin, M.T.,
Mazur, M. and Telser, J. 2007. Free radicals and
antioxidants in normal physiological functions and
human
disease. International
Journal
of
Biochemistry and Cell Biology, 39(1): 44-84
Yuan, Y.W., Mabberly, D.J., Steane, D.A. and
Olmstead, R.G. 2010. Further disintegration and
redefinition of Lamiaceae: implication for the
understanding of the evolution of an intriguing
breeding strategy. Taxon, 59(1): 125-133.

46

