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Phytochemical Screening of Bioactive Components of Medicinal Plant 
Ajuga chamaepitys subsp. laevigata (Banks & Sol.) P.H.Davis and Ajuga 

bombycina Boiss. by GC-MS Analysis 

 

Alevcan KAPLAN*1 

 

Abstract 

Herbal plants have been a source of food for human beings for many years; they have also 
frequently been used as an alternative to modern medicine. Because synthetic drugs have 
possible side effects and are often considerably expensive, understanding how various plants 
are used for the treatment of specific ailments has become increasingly important. Plant 
extracts contain multiple active constituents and this has led to the production of new drugs 
and chemicals derived from the various parts of plants. In Anatolian folk medicine, Ajuga L. 
(Lamiaceae) species are used by people in many villages and towns for the therapeutic value 
of their bioactive components. This study was thus designed to examine the possible bioactive 
components of Ajuga bombycina Boiss. (an endemic species) and Ajuga chamaepitys subsp. 
laevigata (Banks & Sol.) P.H.Davis. In the study the bioactive components of the GC-MS 
analysis of dried leaves and flower samples were screened using an Agilent 7890B GC- 
5977MSD model with hexane as solvent. Phytochemicals which have a wide range of 
biological applications and high therapeutic value were found in the samples. 
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1.INTRODUCTION 

For centuries, herbal medicine has been one of 
the bases of medical treatment, and such 
traditional medicine is still widely practiced 
today. The World Health Organization (WHO) 
has estimated that up to 80 % of people 
worldwide still rely on traditional medical 
remedies such as the use of plants [1-2]. Modern 
medicine recognizes herbal medicine as a form 
of alternative medicine because its practice is not 
strictly based on evidence gathered using the 
scientific method. On the other hand, modern 
medicine does use many plant-derived 
compounds as the basis for evidence-tested 
pharmaceutical drugs. Phytotherapy works to 
apply modern standards of testing to medicines 
that are derived from natural sources. Analyzing 
the bioactive compounds in plants has led to the 
discovery of new drugs which provide effective 
protection and treatment against various diseases 
[3-4]. 

The genus Ajuga L. consists of about 90 species, 
mostly scattered across the northern temperate 
zone. The genus is also seen in South Africa and 
Australia. Members of the genus Ajuga L., which 
belongs to the family Lamiaceae, grow naturally 
or are cultivated in Europe, Asia, Africa, 
Australia and North America [6]. The Ajuga 
genus is represented in Anatolia by 23 taxa, 13 
species and 10 subspecies [7]. Most of the plants 
belonging to this genus are used as an 
anthelmintic, diuretic, anti-fungal, anti-
inflammatory and antimycobacterial agents, and, 
in traditional medicine, for fever, toothache, 
dysentery, high blood pressure and 
gastrointestinal disorders. In addition, they are 
used to prevent pest growth. Phytoecdysteroids, 
neo-clerodane-diterpenes, diterpenes, triterpenes, 
sterols, anthocyanidin-glycosides, iridoid 
glycosides, withanolides, flavonoids, 
triglycerides and essential oils have been isolated 
from one of the members of the Ajuga genus. 
The biological, pharmacological and therapeutic 
properties of these compounds include anabolic, 
analgesic, antibacterial, antiestrogenic, anti-
hypertensive, antitumor, 
antimalarial/antiplasmodial, antimycobacterial, 
antioxidant, antipyretic, larvae and insect 

antifeedant, cardiotonic, cytotoxic, 
hypoglycemic, vascular-relieving and insect 
growth effects. The Ajuga genus thus has both 
medical and economic significance. [6] 

In the present study, phytochemical analysis of 
A.bombycina and Ajuga chamaepitys. subsp. 
laevigata was carried out to identify their 
therapeutic value. Prior to this study, it was 
found that there was only a limited number 
studies of the bioactive composition of A. 
bombycina and Ajuga chamaepitys subsp. 
laevigata in the scientific literature. This 
research was thus conducted to define the 
qualitative bioactive compositions of these 
traditionally used medicinal plants, to identify 
possible drug precursors and to point the way 
towards further studies. 

2. MATERIAL AND METHOD 

2.1. Collection and Identification of Plant 
Material 

Fully matured leaves and flowers were collected 
from Konya Kent Ormanı, Konya, Turkey 
(Ajuga bombycina), and Batı Raman Campus, 
Batman, Turkey (Ajuga chamaepitys subsp. 
laevigata) (Figure 1). The botanical identity of 
the plant was confirmed by Dr. Alevcan Kaplan. 
This identification was made using Volume 7 of 
the Flora of Turkey [8]. The collected, disease-
free leaves and flowers were washed to remove 
dust and other plant materials, and were shade-
dried at room temperature. The dried leaves and 
flowers were then ground to a powder using an 
electric grinder and kept separately for future 
research in lidded containers. 
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Figure 1 General view of plants (A: Ajuga chamae-

pitys subsp. laevigata B: Ajuga bombycina) 
Photo: A. Kaplan 

 

2.2. Plant Sample Extraction for GC-MS 
Analysis 

The n-hexane extract of the plants was obtained 
using the Soxhlet extractor. 10 g of powdered 
plant samples were put into the Soxhlet extractor 
and the required amount was obtained by 
repeatedly using 100 ml of n-hexane (boiling 
point about 40 - 60 ° C) as solvent extract for 
four (4) hours. The oil was kept in a refrigerator 
without further processing until required for 
analysis. 

2.3. Gas Chromatography-Mass Spectrometry 
Analysis 

Gas chromatography-Mass spectrometry (GC-
MS) analysis of n-hexane extracts of plants were 
performed using Agilent 7890B GC- 5977MSD 
model with the column length (30 m), diameter 
(250 μm) and film thickness (0.25 μm) was used 
with Helium (99.9995 % purity) as the carrier 
gas, operating in electron impact mode at 70 eV. 
and the GS-MS condition during the research is 

following conditions. Injector temperature was 
250 oC, ion-source temperature 200 °C split flow 
was 2.4 ml / min. The oven temperature was 
programmed 120 oC (5 oC / min, 7 min), 150 oC 
(5 oC / min, 7 min), 200 oC (5 oC / min, 7 min), 
220 oC (5 oC / min, 7 min), 240 oC (5 oC / min, 7 
min), 250 oC (5 oC / min, 7 min). Split flow was 
2.4 ml / min and an injection volume of 1 µl was 
employed (split ratio of 2:1). The hexane extract 
of plants were injected with syringe manually for 
total bioactive components of leaf and flower 
samples. Total GC running time is 68 min. 

2.4. Identification of Compounds 

Interpretation of bioactive components on mass 
spectrum of GC-MS was carried out using 
spectrometric electronic libraries (W9N11.L, 
MPW2011.L and RTLPEST3.L). The mass 
spectrum of the unknown component was 
compared to the spectrum of the known 
components stored in these libraries. The name, 
the nature of the compound, molecular weight, 
molecular formula and structure of the 
components of the test materials have been 
confirmed. 

3. RESULTS AND DISCUSSIONS 

Medicinal plants a revaluable sources of 
treatments for the prevention of diseases and 
protection of human health [9]. Turkey has a 
long tradition and knowledge of folkloric 
medicine and an abundance of flora, and thus 
provides a rich source of research on this topic. 
Most Turkish people living in the countryside 
have traditionally used plants for therapeutic 
purposes, generally using herbs both for nutrition 
and as forms of medicine. In recent years, this 
traditional use of plants to combat disease in 
Turkey has attracted the attention of a number of 
researchers [10]. To study this usage, plant 
metabolites are extracted using various methods, 
including maceration, boiling, Soxhlet 
extraction, microwave-assisted extraction, 
supercritical fluid extraction and the ultrasound 
assisted extraction method [11]. As the Soxhlet 
extraction technique is theeasiest method, one 
that uses simple and inexpensive equipment and 

A 

B 
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that requires little effort, it is still routinely used 
in laboratories today [12]. The efficiency of 
extraction depends on various factors, such as 
the nature of the phytochemical components, the 
extraction method, the particle size, extraction 
time, temperature, pH, solute/solvent ratio, and 
solvent polarity [13]. Proper use of the solvent 
system is essential in order to achieve higher 
extract yields, polyphenols and bioactive 
compounds [14]. Hexane is used because it is a 
solvent that can be easily removed without 
leaving any residue, has a low moisture 
absorption and a relatively low boiling point 
(nonpolar solvent; dipole moment <0.1), and can 
easily penetrate into particles without toxicity in 
both liquid and vapor [15] .In this context, the 
bioactive composition and the main ingredients 
present in the Ajuga chamaepitys subsp. 
laevigata and Ajuga bombycina are shown in 
Tables 1 and 2, and chromatograms are 
presented in Figures 2 and 3, respectively. 

The leaf and flower sample of Ajuga 
chamaepitys subsp. laevigata was air-dried and 
powdered and subjected to qualitative 
phytochemical analysis with hexane. 
Approximately seven bioactive compounds were 
identified from the sample (leaves and flowers 
together). The retention time of the bioactive 
compounds of sample varied from 11.650 to 
65.225, and the area percentage varied from 1.26 
to 47.57. A list of the bioactive components of 
the sample is given in the Table 1, with the name 
of the compound, molecular formula, molecular 
weight, retention time, peak area percentage, and 
the nature of the compound. The chromatogram 
information for the sample is given in Figure 2. 
It was found that main constituents of sample 
were 2-ethyl-1,3-hexanediol (6.27 %), 
neophytadiene (4.02  %), tricosane (1.26 %), 
pentacosane (1.86 %), heptacosane (47.57 %), 
eicosane (1.50 %), celidoniol (35.46  %). The 
compound 2-ethyl-1,3-hexanediol is known for 
its antiparasitic qualities andis used in 
ectoparasiticides, incl. scabicides, insecticides 
and repellents [16-17]. Neophytadiene has been 
reported to have antimicrobial, antioxidant, 
antiviral, antifungal activities, to be effective 
against lung cancer cells and to have good 
analgesic, antipyretic and anti-inflammatory 

effects [18-23]. Tricosane is known for to be 
effective against the foraging behavior of 
Trichogrammatids, cruciferous host plants and 
host larval bodies of Plutella xylostella and for 
behavioural manipulation of Cotesia plutellae 
[24-25-26]. Pentacosane is a volatile pheromone 
and induces avoidance responses in aphid 
parasitoids with varying host ranges [27-28]. 
Heptacosane has antioxidant, antibacterial, 
antimalarial, antitumor and 
antidermatophyticeffects [29-30-31]. Eicosane is 
known for its antioxidant and antitumor activity 
[32]. Celidoniol is antibacterial and anti-
inflammatory, and is involved in chemical 
communication especially in the Anopheles 
stephensi mosquito and is a pheromone of 
Orgyia leucostigma [33-34-35-36]. Based on 
GC-MS studies, most of the chemical 
components appear to be biologically active 
compounds and have been found to have 
pharmacological activities that have therapeutic 
effects. The presence of different bioactive 
compounds justifies the use of the leaf for 
various ailments by traditional practitioners. In 
particular, the high percentage of celidoniol and 
heptacosane, which are major components with 
very different biological activities, is 
advantageous in using the plant. In addition, the 
results of the GC-MS profile can be used as a 
pharmacognostical tool for plant identification. 
[37 ] isolated a new clerodane diterpene and 
some other compounds from the Ajuga 
chamaepitys subsp. laevigata plant. Among the 
compounds they isolated were ajugalaevigatic 
acid, a diterpene, (13S) -15-hydroxylabd-8 (17) -
en-19-oic acid, a steroidal glucoside, 3-O-β -D-
glucopyranosyl-stigmasta-5,25- diene, and 
triterpenes, α- and β -amyrin and ursolic acid. 
They performed a structural elucidation of the 
compounds by NMR and MS spectroscopic 
analysis. [38] detected 19 bioactive components 
in leaf extracts and 13 in flower extracts of 
Tagetes erecta L. This is similar to present study, 
in which celidoniol was found to be among the 
dominant components. In addition, [39] 
determined the bioactive components of Barleria 
courtallica in which heptacosane was among the 
dominant compounds in their studies. This result 
is similar to that of the present study. Most of 
these phytocomponents were also identified from 
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various plant extracts by [40] from Hugonia 
mystax L.; [41] from Lawsonia inermis Linn.; 

[42] from Aplotaxis auriculata. 

 

Table 1 
GC-MS analysis of bioactive components  in hexane extract of Ajuga chamaepitys subsp. laevigata 

No Name of the compound Molecular 
formula 

Molecular 
weight 

RT Peak 
area(%) 

Nature of the 
compound 

Chemical structure 

1 2-Ethyl-1,3hexanediol C8H18O2 146.23 g mol-1 11.650 6.27 Aliphatic alcohol 

 
2 Neophytadiene C20H38 278.5 g mol-1 27.534 4.02 Aliphatic acyclic 

compound 

 
3 Tricosane  C23H48 324.6 g mol-1 42.273 1.26 N-Alkane 

 
4 Pentacosane  C25H52 352.7 g mol-1 50.157 1.86 N-Alkane 

 
5 Heptacosane  C27H56 380.7 g mol-1 57.083 47.57 N-Alkane 

 
6 Eicosane  C20H42 282.5 g mol-1 61.190 1.50 N-Alkane 

 
7 Celidoniol C29H60O 424.8 g mol-1 65.225 35.46 N-Alkane 

 

 

 
Figure 2 Chromatogram of  Ajuga chamaepitys subsp. laevigata 

 

The leaf and flower sample of Ajuga bombycina 
was also air-dried and powdered and subjected to 
qualitative phytochemical analysis with hexane. 
Approximately five bioactive compounds were 
identified from the sample (leaves and flowers 
together) extracts. The retention time of the 

bioactive compounds of sample varied from 
11.621 to 65.225 and the area percentage varied 
from 2.46 to 44.52. A list of bioactive 
components from the sample is given in the 
Table 2 with the name of the compound, 
molecular formula, molecular weight, retention 
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time, peak area percentage, and the nature of the 
compound. The chromatogram information for 
the sample is given in Figure 3. It was found that 
main constituents of the sample were 2-ethyl-
1,3hexanediol (2.46 %), trans-caryophyllene 
(5.80 %), docosane (45.34 %), eicosane (1.45 
%), celidoniol (44.52 %). From these bioactive 
ingredients, docosane is report to aid in host egg 
parasitization, and can be used as a biocontrol 
agent and for antimicrobial, antioxidant and 
functional food nutraceutical applications [43-
44-45]. Trans-caryophyllene is known for its 
anti-inflammatory, analgesic, antipyretic, and 
platelet-inhibitory activities. It acts by blocking 
the synthesis of prostaglandins by inhibiting 
cyclooxygenase, which converts arachidonic 
acid to cyclic endoperoxides, the precursors of 
prostaglandins [46-47-48]. In particular, the high 
percentage of celidoniol and docosane, which are 
major components with very different biological 
activities, is advantageous in using the plant in 
the same way. [49] screened water-distilled 
essential oil from Ajuga bombycina analyzed by 
GC-MS. GC-MS analysis of extract of Ajuga 
bombycina aerial parts revealed the presence of 
various chemical component and the prevailing 

components in water extract were β-pinene (28.2 
%), α-pinene (18.5 %), germacrene D (8.5 %), 
and β-phellandrene + limonene (6.9 %).  [50] 
screened the bioactive components of 
Plectranthus amboinicus leaves using GC-MS.  
GC-MS analysis of extract of Plectranthus 
amboinicus leaves found that they also contained 
celidoniol (nonacosane) as the dominant 
component. While [41] and [51] found that the 
plant extracts used in their studies contain less 
docosane (0.17 % and 0.29 %, respectively), a 
high amount of docosane was obtained in the 
present study (45.34 %). This suggests that using 
the plant in areas where the docosane molecule is 
frequently used will be advantageous. Similarly, 
a GC-MS analysis of the bioactive components 
of Evolvulus alsinoides (L.) was performed by 
[52]. They identified 16 bioactive compounds 
from whole plant ethanolic extracts and reported 
that the bioactive compounds contained in 
Evolvulus alsinoides had a wide range of 
benefits. The study thus supported their 
traditional use for various disorders. 
 

 

 

Table 2 
  GC-MS analysis of bioactive components in hexane extract of Ajuga bombycina 

No Name of the 
compound 

Molecular 
formula 

Molecular 
weight 

RT Peak 
area 
(%) 

Nature of the 
compound 

Chemical structure 

1 2-Ethyl-
1,3hexanediol 

C8H18O2 146.23 g mol-1 11.621 2.46 Aliphatic alcohol 

 
2 trans-Caryophyllene C15H24 204.35g mol-1 11.936 5.80 Aliphatic 

heteropolycyclic 
compound  

3 Docosane C22H46 310.6 g mol-1 57.083 45.34 N-Alkane 

 
4 Eicosane  C20H42 282.5 g mol-1 61.190 1.56 N-Alkane 

 
5 Celidoniol C29H60O 424.8 g mol-1 65.225 44.52 N-Alkane 
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Figure 3 Chromatogram of Ajuga bombycina 

This study subjected the hexane extracts of 
Ajuga bombycina and Ajuga chamaepitys subsp. 
laevigata to GC-MS analysis and various major 
phytocompounds were identified. Both species 
contain significant amounts of compounds with 
biologically significant activity. The physical 
and chemical properties of vegetable oils largely 
depend on the percentages and types of fatty 
acids they contain, and the fatty acid 
composition of plants is not constant. The 
synthesis and content of fatty acids can vary 
depending on genetic, ecological, morphological, 
physiological and cultural practices, as well as 
on other factors [53]. The presence of various 
bioactive chemical compounds supports the use 
of this plant by traditional medicine practitioners 
for various ailments [9]. Studies have been 
carried out in this field for a considerable period 
of timeand this research continues today [54-61]. 
The present study investigated the potential for 
using specific plants rich in bioactive chemical 
components for their therapeutic effects. 

4. CONCLUSION 

This current investigation of Ajuga bombycina 
and Ajuga chamaepitys subsp. laevigata samples 
(leaf and flower) revealed that they contain a 
wide range of bioactive phytochemicals with 
high therapeutic values. In particular, celidoniol, 
heptacosane and docosane molecules were found 
in large amounts, showing that these plants are a 

candidate drug plant that can be used for 
antibacterial, anti-inflammatory, antitumor, 
pheromone, antimalarial, antioxidant, 
antidermatophytic purposes and as nutraceutical 
and functional food nutraceutical ingredients. On 
the other hand, the remaining phytochemicals 
can be used for their antiparasitic and platelet-
inhibitory activities, as insecticides, and are 
analgesics and antipyretics etc. More research on 
these phytochemicals will lead to lower-cost 
drug interventions with fewer side effects. At the 
same time, it will be necessary to further purify 
and analyze these major chemical components 
that play biologically active roles and to 
investigate them in greater details. Further 
research will also be necessary in order to 
develop these plants for use in treating specific 
illnesses. 
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