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ABSTRACT  

 Hemp (Cannabis sativa L.), a medicinal plant of family Cannabaceae, growing 
wild in most of the rainfed areas of Punjab, Pakistan. In this study, phytochemical 
profile of methanolic extract of root was assessed through GC-MS analysis and 
various biologically active compounds were identified through literature survey. 
There were 14 compounds in the root extract. The most abundant compounds were 
γ-sitosterol (27.08%) and 9,12-octadecadienoic acid (Z,Z)-, methyl ester (24.09%) 
and hexadecanoic acid, methyl ester (21.81%). Other identified compounds were 
methyl stearate (5.51%), stigmasterol (5.12%), campesterol (4.19%), phenol, 2,2'-
methylenebis[6-(1,1-dimethylethyl)-4-methyl-(2.52%), 11-octadecenoic acid, 
methyl ester (2.10%), squalene (1.89%), β-amyrin (1.88%), eicosanoic acid, methyl 
ester (0.85%), tetracosanoic acid, methyl ester (0.88%), dronabinol (1.02%) and 2-
methoxy-4-vinylphenol (0.96%). Most of the identified compounds possess one or 
more biological activities viz. antitumor, antifungal, antibacterial, antioxidant, 
anticancer, anti-inflammatory, antidiabetic, and analgesic. 
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INTRODUCTION 

 Secondary metabolites 
produced by plants exhibit a variety of 
important properties. These can be 
used as drugs to treat various diseases 
including cancer and 
inflammation (Greenwell and Rahman, 
2015; Khan and Javaid, 2020a). 
Likewise, these secondary metabolites 
also showed antimicrobial activities 
(Khan and Javaid, 2019; Javed et al., 
2021). Weeds have special importance 
with respect to their use in various folk 
medicines and as a source of bioactive 
compounds (Singh and Singh, 2020; 
Javaid et al., 2021). Extracts and dry 
biomass of Coronopus didymus 

controlled Sclerotium rolfsii and collar 
rot of bell pepper (Javaid and Iqbal, 
2014). Extracts (5% w/v) of different 
parts of Sonchus oleraceous reduced 
biomass of Macrophomina phaseolina 

by 73–87% (Banaras et al., 2021). 
Likewise, stem extract of another 
weed of Asteraceae, Ageratum 

conyzoides caused 83% reduction in 
growth of M. phaseolina (Banaras et 

al., 2021). Many weeds such as A. 

conyzoides, Datura metel and 
Chenopodium album possess 
herbicidal properties and their extracts 
can be used to control Parthenium 

hysterophorus (Javaid et al., 2010, 
2020a,b).  

Cannabis sativa is growing as a 
weed in Punjab Pakistan, although it is 
also cultivated in some other 
countries. It is an important plant that 
contains a variety of valuable 
components including phenolic, 
terpenes and cannabinoids, which are 
compounds of industrially interest. 
This valuable, fast-growing herba-
ceous plant has its origin in Central 
Asia (Andre et al., 2016). Since 
ancient times, it has been known due 
to its medicinal and industrial uses 
(Skoglund et al., 2013). Its stem 
provides cellulosic as well as woody 
fibers. The cortex contains long 

cellulose-rich bast fibers while the core 
is lignified and has woody fibers 
(Guerriero et al., 2013). Hemp seed-
oil showed strong antibacterial activity 
against Bacillus subtilis (Ali et al., 
2012).  Some recent studies have 
shown antifungal activity of hemp 
extracts. A 6.25 mg mL-1 n-butanol 
leaf extract of hemp completely 
controlled the growth Aspergillus 

versicolor (Khan et al., 2021). 
Likewise, leaf extract of hemp showed 
remarkable antifungal activity to 
control Aspergillus flavipes (Khan and 
Javaid, 2020b). Most of the previous 
studies regarding antimicrobial 
activities of hemp were carried out by 
using extracts from its aerial part while 
such studies with the extracts of root 
are limited. Therefore, the present 
study was conducted to identify 
various biologically important 
compounds present in hemp roots. For 
this methanolic root extract of hemp 
was analyzed by GC-MS and activities 
of the recognized constituents were 
searched through extensive literature 
survey.  

MATERIALS AND METHODS 

Sample collections 

C. sativa plants were uprooted 
from canal bank near Jail Road, 
Lahore. The plants were placed in 
paper bags and shifted to the lab for 
further processing.  The plants roots 
were cut and placed in an oven for two 
days at the temperature of 35 ºC to 
evaporate the moisture.  

Extract preparation 

The fully dried roots of C. sativa 
were cut into small pieces with the 
help of sharp knife, crushed in a pestle 
and mortar, and 10 g were soaked in 
50 mL of analytical grade methanol. 
The soaked material was kept for two 
weeks in the lab for thorough 
extraction of bioactive compounds. 
The extract was then filtered by using 
a double layer of filter paper. Two 
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milliliters of the extract was taken into 
a 5 mL vial and the sample was shifted 
to lab for GC-MS analysis.  

GC-MS analysis  

GC-MS analysis was performed 
to identify the possible antimicrobial 
and other bioactive constituents from 
methanolic root extract of C. sativa as 
per set conditions (Ferdosi et al., 

2020). 

GC conditions were as follows: 
 Machine model: 7890B, Agilent 

Technologies (USA) 
 Injection volume: 1 µL 
 Column;  DB-5ms,  dimensions 

(30 m × 0.25 μm × 0.25 μm)  
 Oven ramping: initial 

temperature was 80 ºC and 
then raised 10 ºC min-1 up to 
300 ºC. 

  Inlet temperature: 280 ºC  
 Run time; 50 min 
 Carrier gas: Helium 
 Solvent Delay: 5 min 

 
MS conditions were as follows: 
 Machine Model:   5977A, 

Agilent Technologies (USA) 
 Scan: 50–500 m/z  
 Run Time 50 min 
 Solvent delay: 5 min 
 Source temperature: 230 ºC 

and 
 Quadrupole temperature: 150 

ºC 

 Library: NIST 2017 

 

Spectra of the compounds were 
compared with the spectra in library 
and the compounds were arranged in 
the ascending order of their retention 
times and retention indices. The 
relative abundance was reported by 
using their peak areas.  

Literature survey 

An in depth literature review 
was done to find the evidence of 
biological activities of chemical 
constituents of C. sativa roots. The 
ChemDraw software was used to draw 

structures of major chemical 
compounds in the extract (Ferdosi et 

al., 2021a) 

RESULTS AND DISCUSSION   

GC-MS chromatogram of 
methanolic root extract is shown in 
Fig. 1. In the root extract, 14 
compounds were identified whose 
details are given in Table 1. Biological 
activities of the identified compounds 
as collected from previous literature 
are summarized in Table 2 while 
structures of biologically active 
compounds are illustrated in Fig. 2. 
There were three principal compounds 
in the extract. Among these the most 
abundant compound was γ-sitosterol 
(27.08%) followed by 9,12-
octadecadienoic acid (Z,Z)-, methyl 
ester (24.09%) and hexadecanoic 
acid, methyl ester (21.81%). Three 
compounds namely methyl stearate 
(5.51%), stigmasterol (5.12%) and 
campesterol (4.19%) were identified 
as moderately abundant ones. On the 
other hand, phenol, 2,2'-
methylenebis[6-(1,1-dimethylethyl)-4-
methyl-(2.52%), 11-octadecenoic 
acid, methyl ester (2.10%), squalene 
(1.89%), β-amyrin (1.88%), 
dronabinol (1.02%), 2-methoxy-4-
vinylphenol (0.96%), tetracosanoic 
acid, methyl ester (0.88%) and 
eicosanoic acid, methyl ester (0.85%) 
were ranked as less abundant 
compounds. 

 Literature survey revealed that 
many of the identified compounds 
possess various biological activities. 
The predominant compound in the 
present study was γ-sitosterol. It has 
been identified in various plant species 
namely Lippia nodiflora, Acacia nilotica 
and Cirsium arvense, and is known to 
have anticancer and antidiabetic 
activities (Balamurugan et al., 2011; 
Sundarraj et al., 2012; Ferdosi et al., 
2021b). 
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Table 1: Compounds identified in methanolic root extract of Cannabis sativa through 
GC-MS analysis. 
 

Sr. 

No. 
Names of compounds 

Molecular 

formula 

Molecula

r weight 

Retentio

n 

time 

(min) 

Peak 

area 

(%) 

1 2-Methoxy-4-vinylphenol C9H10O2 150.17 9.877 0.96 

2 Hexadecanoic acid, methyl 
ester 

C17H34O2 270.45 20.505 21.86 

3 9,12-Octadecadienoic acid 
(Z,Z)-, methyl ester 

C19H34O2 294.47 23.105 24.09 

4 11-Octadecenoic acid, 
methyl ester 

C19H36O2 296.48 23.286 2.10 

5 Methyl stearate C19H38O2 298.50 23.602 5.51 

6 Eicosanoic acid, methyl 
ester 

C21H42O2 326.55 26.501 0.85 

7 Phenol, 2,2'-
methylenebis[6-(1,1-
dimethylethyl)-4-methyl- 

C23H32O2 340.49 27.704 2.52   

Fig. 1: GC-MS chromatogram of methanolic root extract of Cannabis sativa. 
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8 Dronabinol C21H30O2 314.46 29.619 1.02 

9 Tetracosanoic acid, methyl 
ester 

C25H50O2 382.66 33.732 0.88 

10 Squalene C30H50 410.71 35.460 1.89 

11 Campesterol C28H48O 40.68 45.023 4.19 

12 Stigmasterol C29H48O 412.69 45.713 5.12 

13 γ-Sitosterol C29H50O 414.70 47.318 27.08 

14 β-Amyrin C30H50O 426.71 48.046 1.88 

 

 

Table 2: Bioactivity of components of methanolic root extract of Cannabis sativa. 

 

Sr. No. Names of compounds Bioactivity Reference 

1 2-Methoxy-4-vinylphenol Antimicrobial, anti-
inflammatory, 

analgesic, 
antioxidant 

Hameed et al. 
(2015); Rubab et al. 
(2020) 

2 Hexadecanoic acid, methyl 
ester 

Urine acidifier, 
increase zinc 

bioavailability, 
antibacterial 

Duke (1992); 
Shaaban et al. 
(2021) 

3 9,12-Octadecadienoic acid 
(Z,Z)-, methyl ester 

Urine acidifier, 
increase zinc 
bioavailability 

Duke (1992) 

4 11-Octadecenoic acid, 
methyl ester 

Antibacterial Shoge and Amusan 
(2020) 

5 Methyl stearate Antioxidant, 
antifungal 

Pinto et al. (2017) 

6 Eicosanoic acid, methyl 
ester 

Alpha-glucosidase 
inhibitors 

Elaiyaraja and 
Chandramohan 
(2013) 

7 Phenol, 2,2'-
methylenebis[6-(1,1-
dimethylethyl)-4-methyl- 

- - 

8 Dronabinol Psychoactive, 
antibacterial 

Klingeren and Ham 
(1976) 

9 Tetracosanoic acid, methyl 
ester 

- - 

10 Squalene Antitumor, 
antioxidant 

Huang et al. (2009) 

11 Campesterol Anticancer  Choi et al. (2007) 
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12 Stigmasterol Antifungal, anti-
mutagenic, 

antidiabetic, anti-
tumor, anti-

osteoarthritic and 
anti-inflammatory 

Mbambo et al. 
(2012); Kim et al. 
(2014); Wang et al. 
(2017) 

13 γ-Sitosterol Antidiabetic, 
anticancer  

Balamurugan et al. 
(2011); Sundarraj et 

al. (2012) 

14 β-Amyrin Antifungal, 
antioxidant 

Jabeen et al. 
(2011); Cardoso et 

al. (2020); Javed et 

al. (2021) 

 

 

 

γ-Sitosterol 

 

9,12-Octadecadienoic acid 
(Z,Z)-, methyl ester 

 

Hexadecanoic acid, 
methyl ester 

 

 

Methyl stearate 
 

Stigmasterol 

 

Campesterol 

 

 

 

The second most abundant 
compound 9,12-octadecadienoic acid 
(Z,Z)-, methyl ester is known for a 
number of bioactivities as it act as 
urine acidifier, increase zinc 
bioavailibility and inhibit production of 
uric acid. Similar properties have also 
been associated with the third most 
abundant compound hexadecanoic 
acid, methyl ester (Duke, 1992). 
Moreover, hexadecanoic acid, methyl 
ester also exhibited antibacterial 
activity (Shaaban et al., 2021). 2-
Methoxy-4-vinylphenol was previously 
identified from red cabbage with 
antibacterial activity (Rubab et al., 

2020). It has also been found in many 
other studies and is known for its 
antioxidant, antimicrobial, analgesic, 
anti-inflammatory and anti-
germination (Hameed et al., 2015). β-
Amyrin was previously identified in 
leaves of Melia azedarach and 
Monotheca buxifolia with strong 
antifungal activity against M. 

phaseolina and Ascochyta rabiei 

(Jabeen et al., 2011; Javed et al., 
2021). Cardoso et al. (2020) isolated 
this compound from Myrcianthes 

pungens and also reported its 
antioxidant activity. In addition, it also 
has antihyperglycemic and 

Fig. 2: Structures of major compounds in root extract of Cannabis sativa. 
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hypolipidemic effects and can be used 
in the preparation of drugs useful for 
diabetes and atherosclerosis (Santos 
et al., 2012). 11-Octadecenoic acid, 
methyl ester showed antibacterial 
activity against Shigella dysentriae, E. 

coli, S. aureus and Salmonella typhi, 
causing diarrhea in humans (Shoge 
and Amusan, 2020). Root extract 
contained various fatty acid methyl 
esters namely methyl stearate; and 
eicosanoic acid, methyl ester. Earlier 
studies have shown that fatty acid 
methyl esters from sunflower, 
soybean, and corn oil showed strong 
antifungal activity against 
Paracoccidioides spp. (Pinto et al., 
2017). Dronabinol is a primary 
psychoactive component of cannabis. 
It is the synthetic form of 
tetrahydrocannabinol. It also exhibited 
antibacterial activity (Klingeren and 
Ham, 1976). Squalene is a triterpene 
and generally found in sufficient 
quantity in oils of olive, palm, 

amaranth and rice bran. It possesses 
antitumor and antioxidant activities 
(Huang et al., 2009). Campesterol is a 
plant sterol having a structure similar 
to that of cholesterol and causes 
anticancer effects (Choi et al., 2007). 
It competes with cholesterol resulting 
in reduced absorption of cholesterol in 
the intestine (Choudhary and Tran, 
2011). Stigmasterol is generally 
present in plants and has antifungal, 
anti-mutagenic, antidiabetic, anti-
tumor, anti-osteoarthritic and anti-
inflammatory activities (Gabay et al., 
2010; Mbambo et al., 2012; Kim et 

al., 2014; Wang et al., 2017). 

Conclusion 

 Major compounds in the root 
extract of C. sativa were γ-sitosterol, 
9,12-octadecadienoic acid (Z,Z)-, 
methyl ester and hexadecanoic acid, 
methyl ester. Almost all the 
compounds possess one or more 
biological properties.  
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