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INTRODUCTION
Medicinal plants have been used in one form or 
another under indigenous systems of medicine. The 
secondary metabolites from plants are responsible 
for the medicinal activities of plants1-3. Medicinal 
plants appear to be rich in secondary metabolites, 
widely used in traditional medicine to combat and 
cure various ailments4,5. Medicinal plants are potent 
sources of compounds that can be used in the 
treatment of various human health challenges due 
to the active compounds that are responsible for 
their various pharmacological activities6-8. Natural 
products obtained from different plant sources are 
of remarkable medicinal value and are used to cure 
various diseases. The mitigative potential of natural 
products is used as a means of detoxification 
of poisonous agents in human and animals9-11. 
Researchers have isolated many medicinally active 
secondary metabolites from different medicinal 
plants3,8,12. Among the various medicinal plants, 
odoriferous plants occupies an important place 
due to their aroma which is associated with the 
presence of essential oils, complex mixtures of 
volatile compounds, dominated by mono- and 
sesquiterpenes. In addition to essential oils, 
odoriferous plants are characterized by the 
presence of plant phenolic compounds, primarily 
coumarins and phenylpropanoids that have 
been shown to possess multiple pharmacological 
activities13,14. Intensity in investigations of these 
secondary metabolites occurred as a result of 
side effects including toxicity, mutagenicity and 
carcinogenicity observed in some commercial 
synthetic antioxidants15,16

Essential oils are concentrated volatile aromatic 
compounds produced by plants; they are the 

essences which evaporate easily and give plants 
their wonderful scents. Each of these complex 
precious liquids is extracted from specific species 
of plant life17,18. Essential oils are natural products 
which can be extracted in a number of ways from 
plants; however, they are not formed/found in all 
plants. Essential oils extracted from plants contain 
aromatic properties used as remedies for a number 
of problems. Essential oils are used in aromatherapy 
practice to help ease muscle pain, emotional 
problems, menstrual issues, skin problems, arthritis 
and more19,20. Plant essential oils have been used 
for many thousands of years in food preservation, 
pharmaceuticals, alternative medicine and natural 
therapies, perfumes, aromatherapy, phototherapy, 
spices and nutrition14,21,22. 

Essential oils from odoriferous medicinal plants 
exhibit high anti-viral potential against several types 
of many health damaging viruses (Herpes virus-1, 
Herpes virus-2, HIV, Adeno virus, Hepatitis B Virus, 
Enterovirus 71, JUNV, etc.) and even against SARS-
CoV-1 which has 96% of the same genetic background 
with SARS-CoV-223-26. This evidence stemming 
from several experimental studies means that some 
compounds derived from essential oils could act 
as inhibitors of COVID-19. Essential oil molecules 
have ability to interact with the viral life cycle, such 
as the viral entry, replication, assembly, and release, 
as well as targeting virus–host through specific or 
non-covalent interactions such as hydrogen bonds, 
π/π and van der Waals interactions27,28. Since the 
most important cause of COVID-19 related deaths 
is respiratory failure which is due to pneumonia and 
the overproduction of proinflammatory cytokines, 
molecules that act via anti-inflammatory mechanism 
of action are potential therapeutic agents since they 
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can inhibit several proinflammatory cytokines26,29. Most essential oils 
exhibit antibacterial, antifungal, antiviral, insecticidal and antioxidant 
properties30. Essential oils are believed to act as allelopathic agents or as 
irritants that protect plants from predation by insect and infestation by 
parasites. Essential oils and their constituents have also been shown to 
be a potent source of botanical pesticides14,20.

Laggera crispata (DC) Sch. Bip. is an annual shrub found growing as 
common weed in Nigeria. It belongs to the family Asteraceae and the 
genus consists of about 20 species. L. crispata is a widely distributed 
tropical  medicinal plant with several therapeutic properties. The plant 
is spread throughout the sub-Saharan Africa and the tropical countries 
of Asia31. The medicinal plant is a robust herb that can grow up to 1.7 
m in height. It is viscid and strongly aromatic. It has white flowers, and 
its basal leaves are bigger than the upper ones. In Nigeria, it is used 
traditionally for the treatment of athletes-foot, skin infections, pediatric 
malaria and wounds. It has also been reported for ethnomedicinal 
use as anti-inflammatory agent for treatment of hepatitis, arthritis, 
bronchitis and nephritis32,33. 

MATERIALS AND METHOD

Identification and Collection of Plant Material
The plant was selected on the basis of intensive review and 
ethnopharmacological information. The fresh aerial of L. crispata 
was collected at different places in Ota, Nigeria and was identified as 
Laggera crispata.

Extraction of the Essential Oil
The air-dried aerial part of L. crispata was subjected to hydro-distillation 
for 3 hours using a Clevenger-type apparatus in accordance to British 
Pharmacopoeia methods. Distillate of the essential oil was dried over 
anhydrous sodium sulphate, after filtration, the essential oil was stored 
at 4oC until analyzed and used for various pharmacological tests34.

Gas Chromatography-Mass Spectrometry (GC-MS) 
analysis and Compounds Identification 
The essential oil of L. crispata was analyzed by gas chromatography-
mass spectrometry (Shimadzu GC-MS-QP2010) instrument using a 
DBI column (30 mm × 0.25 mm ID × 0.25 μm, film thickness). Constant 
flow at 1 ml/min of carrier gas (Helium) was used for sample analysis. 
The injector temperature of the instrument was programmed at 280°C. 
Oven temperature was started from 40°C to 280°C with a ramp of 2°C/
min and withholding time of 7.5 min. The injection volumes were 1 μl. The 
temperature of the ion source was set at 280°C. Ionization of the sample 
was performed in electron impact mode at an ionization voltage of 70 eV 
with mass range used from m/z 50-650. Interpretation of GC-MS data was 
performed using the database of Wiley and NIST libraries.

Determination of Total Polyphenol Content (TPC)
The TPC in the essential oil of L. crispata was determined using 
Folin-Ciocalteu method. Gallic acid was used as a standard phenolic 
compound. The solution contained 1 ml of the essential oil solution, 
46 ml of distilled water and 1 ml of Folin-Ciocalteu reagent and the 
content was mixed thoroughly. After 3 min, 3 ml of 2% Na2CO3 was 
added and then the mixture was allowed to stand in dark for 2 h with 
intermittent shaking. The absorbance was measured at 760 nm. The 
index of TPC in the mixture was determined as µgmg-1of gallic acid 
equivalent (GAE) using an equation obtained from the calibration 
curve of gallic acid graph35.

Determination of Total Flavonoid Concentration (TFC) 
The total flavonoid content of the essential oil of L. crispata was 
determined by spectrophotometry, using aluminium chloride method 

and quercetin as standard. Briefly, 1.0 ml of the essential oil, 0.10 ml 
of 10% aluminium chloride (AlCl3.6H2O), 0.10 ml of sodium acetate 
(NaC2H3O2.3H2O) (1 M) and 2.80 ml of distilled water. After incubation 
for 40 min, absorbance was measured at 415 nm using a UV-Vis-
spectrophotometer. To calculate the concentration of flavonoids, a 
calibration curve was made using quercetin as standard. The index of 
TFC concentration is expressed as quercetin equivalents (QE) in µg per 
mg of juice. All assays were carried out in triplicate36. 

Determination of Total Ascorbic acid content (TAAC) 
A sample of 1.0 ml was added to 1.0 ml of 2,4-dinitrophenylhydrazine 
(2,4-DNPH). It was allowed to stand for 30 min. and the absorbance 
was read in triplicate at 515 nm, using distilled water as blank. Ascorbic 
acid was used as a reference and for the calibration curve. The result 
was expressed in milligram per gram of ascorbic acid equivalent37. 

Determination of Anti-radical Potential
(i) Phosphomolybdate Total Antioxidant Capacity (PTAC) Assay

The PTAC of the essential oil of L. crispata was determined with 
phosphomolybdenum using ascorbic acid as the standard. An aliquot 
of 1.0 ml of the extract solution was combined with 1.0 ml of reagent 
(0.6 M sulphuric acid, 28 µ M sodium phosphate and 4 µ M ammonium 
molybdate). The tubes were capped and incubated in a boiling 
water bath at 95 oC for 90 min. after the sample had cooled to room 
temperature, the absorbance of the aqueous solution of each were 
measured at 695 nm in UV spectrophotometer. The blank solution 
contained 1.0 ml of reagent solution and the appropriate volume of 
the same solvent used for the sample and it was incubated under same 
conditions as the rest of the sample. The total antioxidant capacity was 
expressed as equivalents of ascorbic acid39. 

(ii) 2,2ʹ-Diphenyl-1-picrylhydrazil (DPPH) Antioxidant Assay

The DPPH antioxidant and free radical scavenging of the essential 
oil was determined using DPPH method40. Briefly stock solution 
of the essential oil (1.0 mgml-1) was diluted in methanol to different 
concentrations of 1000, 100 and 10 μgml-1. Methanolic DPPH (0.1 
mM) solution was prepared freshly and 1.0 ml was added to varying 
concentrations of the extract. The mixture was allowed to stand for 
30 mins in the dark at room temperature for proper incubation with 
shaking at regular interval. The absorbance was measured at 517 nm using 
Uniscope SM 7504 UV Spectrophotometer against a blank containing 
all reagents except the test sample. Ascorbic acid was used as the positive 
control. Assays were carried out in triplicate. The percentage DPPH radical 
inhibition was calculated using the following equation:

Ao is the absorbance of the blank solution and A is the absorbance of 
the essential oil. The IC50, the concentration giving 50% inhibition of 
DPPH, was read off a graph of I% (percentage inhibition) versus extract 
concentration40. 

DPPH Antioxidant Activity Index (AAI): The AAI was calculated 
using the formula: 

AAI value of < 0.5 was rated as weak; 0.5-1.0 was considered as moderate; 
1.0-2.0 was classified as strong, and value > 2.0 was considered as very 
strong40.

Analysis for bactericidal activity
The antibacterial potential of the essential oil was determined using 
Agar-well diffusion method against thirteen bacteria isolates obtained 
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from clinical samples. Six of the isolates were Gram positive namely 
Bacillus sp, Enterococcus faecalis, Micrococcus varians, Streptococcus 
agalactiae, Staphylococcus aureus and Staphylococcus asaprophyticus, 
while the remaining seven isolates were Gram negative bacteria namely 
Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas 
aeruginosa, Salmonella typhimurium, Serratia marcescens and Shigella 
dysenteriae. The organisms were incubated and grown overnight at 37 
°C in Nutrient broth. The cultured bacteria broth were adjusted to 0.5 
McFarland standards, 20 ml of sterilized Mueller Hinton agar medium 
was homogenized and aseptically poured into sterile Petri dishes and 
the plates were swabbed with inocula of the test organisms, and kept for 
30 min. for adsorption. A sterile cork borer of 6mm diameter was used 
to make uniform wells into which were added different concentrations 
(1000, 500 and 250 µgml-1) of the essential oil solution.The plates were 
allowed to stay in a refrigerator for 1 hour to allow proper diffusion of 
the extract solution into the medium. Synthetic antibiotic gentamicin 
(30μg/disc) was used as positive control. The plates were then incubated 
at 37 °C for 18-24 hrs before visual assessment of the inhibition zones. 
The zone of inhibition was measured to the nearest size in millimetre 
(mm) using standard rule. The assay was carried out under aseptic 
conditions in order to achieve consistency41.

RESULTS AND DISCUSSION
In this study, the essential oil of the aerial of L. crispata was investigated 
for its chemical constituents. The colour of the essential oil was 
whitish. The oil exuded a sweet aromatic odour. The GC-MS analysis 
of the essential oil of the aerial of L. crispata showed the presence of 
thirty-five (35) medicinally active compounds making up 89.83% 
of the oil (Table 1). The most abundant component was phenolic 
compound called 2-tert-butyl-1,4-dimethoxybenzene (28.3%), . The 
other major terpenoids present in the oil were α-humulene (6.9%) and 
(+)-sabinene (5.9%). The principal classes of organic compounds in 
the aerial essential oil were polar and non-polar organic compounds. 
The chemical composition of this aerial essential oil is different from 
those reported in other studies for some related species such as those 
reported for L. tomentosa42, L. decurrens43, L. aurita 44,45, L. alata 46 and 
L. pterodonta47,48. 

Total Phenolic, Flavonoid, Total Ascorbic Acid Contents
The TPC, TFC and AAS analyses of the investigated aerial essential 
oil of L. crispata showed the presence of high amount of polyphenol, 
flavonoid and ascorbic acid (Figure 1). The total phenolic content 
(TPC) of the essential oil was 172.75±0.00 µgmg-1 GAE (Figure1). The 
quantitative amount of flavonoids in the essential oil of L. crispata 
evaluated in this study was 48.69±0.00 µgmg-1 QE (Figure 2). The 
essential oil of L. crispata had high amount (61.85±0.00 µgmg-1 AAE) of 
vitamin C and its derivatives present in the aerial of the medicinal plant 
(Figure 3). Comparatively, extract and fractions from Laggera aurita 
grown in Burkina Faso has phenolic and flavonoid contents 62.12±0.68 
mgGAE and 10.56±0.29 mgQE, respectively49. Natural phenolic and 
flavonoid compounds play many significant roles in human health 
as evident from their therapeutic properties50. Plants consumed by 
humans may contain thousands of different phenolic and flavonoid 
components. The effect of dietary phenolics is currently of great interest 
due to their antioxidative and possible anticarcinogenic activities16. 
Phenolic and flavonoid compounds also function as reducing agents, 
free radical scavengers, and quenchers of singlet oxygen formation. In 
addition, phenolic and flavonoid components play important roles in 
the control of many human diseases51. 

Total Antioxidant Capacity (TAC)
The total antioxidant of the essential oil of L. crispata was found to be 
moderately high (726.92±0.00 µgmg-1 AAE) as shown in Figure 1. The 
phosphomolybdate method is a quantitative method for determining 

Compound Percentage 
Composition

2-tert-butyl-1,4-dimethoxybenzene 28.3
2-methylene-4,8,8-trimethyl-2-vinyl-bicyclo[5.2.0]nonane  3.0
1,1,4,8-tetramethyl-cis,cis,4,7,10-cycloundecatriene 3.0
β-gurjunene 4.5
1-(1,5-dimethyl-4-methylbenzene 3.0
ar-curcumene 2.0
β-dihydroagarofuran 1.1
epi-globulol 0.6
γ-eudesmol 1.0
Guaiol 0.6
1-heptatriacotanol 0.6
1-pentyloctylbenzene 2.3
hexahydrofarnesyl acetone 2.0
1,54-dibromotetrapentacontane 1.0
1-(+)-ascorbic acid 2,6-dihexadecanoate. 2.5
 2-dodecen-1-y(-)succinic anhydride 1.0
5,9-dimethyl-4,8-decadienal 1.0
Phytol 1.0
Dihydrovallesiachotamine 3.0
bis(dodecanamido)methane 3.8
Erucylamide 1.5
bis(tridecyl)phthalate 1.0
(+)-sabinene 5.9
α-phellandrene 1.0
3-(4-methylbenzoyl)-2-thioxo-4-thiazolyl-4-methylbenzoate 0.1
2,2-dichloro-1-methylcyclohexanol 0.2
1,2-diisopropenylcyclobutane 0.4
Caryophyllene 4.3
α-humulene 6.9
β-copaene 3.0
2-(5-Isoxazolyl)phenol 0.01
1,2-benzenediol, o-(4-butylbenzoyl)-o'-(2-methylbenzoyl) 0.1
7-epi-α-eudesmol 0.1
2,4-pentadienoic acid, 1-cyclopenten-3-on-1-yl ester 0.01
2-amino-4H-chromen-4-one 0.01
Percentage total 89.83

Table 1: Chemical Composition of the Aerial Essential Oil of Laggera 
crispate.
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and 62.02%, respectively. The essential oil of L. crispata gave an IC50 
value of 1.0 µgml-1 and the AAI of the essential oil was 39.0 while the 
ascorbic acid (reference compound) had an IC50 value of 9.0 μgml-1. 
With these very high percentage free radical scavenging, very low IC50 
and very high AAI values, the essential oil was classified as a very strong 
natural antioxidant agent. The in vitro antioxidant potential of the 
aerial of the plant used in this study is greater than those of the related 
species such as the essential oil of other members of Laggera family 
such as Laggera tomentosa with IC50 of 0.33-0.39 mgml-1 54. 

An antioxidant is a molecule capable of slowing or preventing the 
oxidation of other molecules, or as any substance that when present 
at low concentrations compared to those of an oxidizable substrate 
significantly delays or prevents oxidation of that substrate55,56. A free 
radical is a highly reactive molecule or chemical species that contains 
one or more unpaired electron. These unpaired electrons make 
the radical very reactive and cause oxidative stress, defined as an 
imbalance between oxidants and antioxidants in favour of the oxidants, 
potentially leading to damage57,58. Free radical is constantly generated 
in all living cells and is a part of normal cellular function. However, 
excess free radical originating from endogenous or exogenous sources 
are responsible for aging and causing various human diseases. Free 
radicals cause oxidative damage to different molecules, such as lipids, 
proteins and nucleic acids and thus are involved in the initiation 
phase of some degenerative diseases59-81. Research has shown that free 
radical mediated oxidative stress is among the major causative factors 
in induction of many chronic and degenerative diseases including 
atherosclerosis, ischemic heart disease, ageing, diabetes mellitus, cancer, 
immunosuppression, neurodegenerative diseases and others60,61. 

Antimicrobial Activities
The antimicrobial activities of the aerial of L. crispata against Gram-
positive bacteria and Gram-negative bacteria are shown in figure 4-5. 
The essential oil showed variable activities against tested bacteria. The 
essential oil showed varying levels of effectiveness on all bacteria tested. 
The activities ranged as follows: Resistant (-), not sensitive (<8 mm), 
sensitive (9–14 mm), very sensitive, (15–19 mm) and ultrasensitive 
(>20 mm). The highest inhibitory effect of the essential oil was 
observed against E. coli as depicted in figure 4. Other highly susceptible 
bacterium at 1000 µgml-1 were M. varians (25 mm), S. aureus (25), P. 
aeruginosa (20 mm), P. mirabilis (20 mm), S. typhimurium (20 mm) 
and S. dysenteriae (20 mm), K. Pneumonia (17 mm), S. marcescens 
(15 mm), E. faecalis (15 mm), S. agalactiae (12 mm), Bacillus sp (12 
mm) and S. saprophyticus (11 mm). This indicated that E. coli was 
highly susceptible compared to the other tested bacteria within the 
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Figure 4: Zones of Inhibition (mm) showing the Antimicrobial Potential of 
Aerial Essential Oil of L. crispata against Gram-negative bacteria.

the total antioxidant capacity (TAC), which is expressed as ascorbic 
acid equivalents. This method gives a combined measure of the 
antioxidant activity of the range of chemically diverse phytochemicals 
present in the aerial essential oil of L. crispata as determined by the 
formation of the reduced phosphomolybdate complex52,53. 

In vitro DPPH Free Radical Scavenging Assay
The DPPH percentage scavenging by the essential oil of L. crispata at 
different concentrations (1000, 100 and 10 µgml-1) were 81.82, 69.62 
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concentration of 1000 µgml-1 of aerial essential oil of L. crispata in this 
study. At the concentration of 500 µgml-1 of the essential oil, the bacteria 
inhibition activities was highest in E. coli (20 mm), P. mirabilis (20 
mm) and S. typhimurium (20 mm). These were followed by M. varians 
(19 mm), P. aeruginosa (18 mm), S. aureus (16 mm), K. pneumoniae 
(14 mm), S. marcescens (14 mm), S. agalactiae (12 mm), Bacillus sp (12 
mm) and S. saprophyticus (11 mm). S. dysenteriae is resistance to the 
activity of the extract at 500 µgml-1. The zones of inhibition observed 
when a concentration of 250 µgml-1 of the essential oil was used against 
the bacterial isolates was significantly different compared to 1000 and 
500 µgml-1 concentration of the essential oil. At a lower concentration 
of 250 µgml-1 of the essential oil, E. coli (20 mm) and S. typhimurium 
(20 mm) were more susceptible to the activity of the extract and gave 
high zones of inhibition. M. varians (18 mm), P. aeruginosa (18 mm), 
P. mirabilis (16 mm), S. aureus (14 mm), K. pneumoniae (12 mm), S. 
agalactiae (12 mm), E. faecalis (10 mm), and S. saprophyticus (10 mm) 
were also susceptible to the activities of the synergic activities of the 
secondary metabolites in the essential oil. Meanwhile, Bacillus sp and 
S. dysenteriae were resistance at this concentration of the essential oil. 
Comparatively, the essential oil investigated in this study showed a 
promising antibacterial potential than the previously studied species 
such as Laggera tomentosa where S. aureus and B. cereus showed 
very low zone of inhibition and E. coli and K. pneumonia showed 
resistance to the essential oil54. The tested bacteria were found to be 
sensitive to gentamicin (GEN) synthetic antibiotics. The observed 
antibacterial effects collaborate its traditional uses. In this work the 
essential oil of the plant inhibited the growth of Gram positive and 
Gram negative bacteria to a high degree. These thirteen bacteria used 
in this research are responsible for some of the various health related 
illnesses. Bactericidal activity may be due to presence of polyphenol, 
terpenoids and numerous free hydroxyls that have synergic capability 
to combine with the carbohydrates and proteins in the bacterial and 
destroy the cell wall63. It is confirmed that the aerial essential oil of 
L. crispata have greater potential as antibacterial compounds against 
micro flora and that they can be used in the treatment of infectious 
diseases caused by resistant pathogenic microorganisms in animals and 
human beings. The essential oil of higher plants can be a very good 
source of antibiotics against various bacteria pathogens. Plants which 
have antimicrobial compounds have enormous therapeutic potentials 
as they can act without any side effect as often observed with synthetic 
antimicrobial products64,65.

CONCLUSION
The aerial essential oil of L. crispata has abundant pharmacologically 
active compounds, such as terpenoids, polyphenols, fatty acids, which 
can be used as sources of new and useful antioxidant and antimicrobial 
chemical entities. The medicinal activities of the oil might be due to the 
synergistic actions of these constituent phytocompounds. Therefore, 
the plants have promising compounds to be tested as potential drugs 
for treatment of diseases resulting from reactive oxygen species 
and bacteria organisms. The results indicated that essential oil may 
be considered as potential drugs for treatments of ROS and RNS 
related diseases and reduced their systemic adverse effects. However, 
these findings warrant extensive further studies on chemical profiles 
such as isolation and structure clarification of pure compounds, and 
mechanistic action of antioxidant and antimicrobial activities.
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