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ABSTRACT: The emergence of antimicrobial resistance among bacterial pathogens is one of the 
most challenging problems in the world. This study aimed at investigating the antibacterial activity 
of Lawsonia inermis (LI) leaf extract on multidrug resistant Pseudomonas sp. implicated in Upper 
Respiratory Tract Infection (URTI). Sputum samples collected from 50 patients with URTI were 
cultured, isolates were identified using morphological test, biochemical tests and confirmed with 16S 
rRNA gene sequencing method. The methanol leaf extract of the plant obtained by maceration was 
purified by solvent partitioning. Antibacterial effect of the extract was evaluated using agar well 
diffusion, Minimum Inhibitory Concentrations (MIC) and Bactericidal Concentrations (MBC). Rate 
of kill, mechanism of action and Synergism of the extracts with commercial antibiotics was carried 
out using conventional methods. Physicochemical properties of the extracts were evaluated using Gas 
Chromatography - Mass Spectrometry (GC-MS). The crude extract of LI had zone of inhibition 
ranging from 17 ± 1.7 mm to 24 ± 2.6 mm. The MIC and MBC of LI range from 25 to 50 mg/mL 
and 6.25 to 25 mg/mL respectively. Butanol fraction had a zone diameter range from 17 ± 1.7 mm to 
26 ± 2.4 mm while MIC and MBC ranged from 3.125 to 12.5 mg/mL and 6.25 to 25 mg/mL 
respectively. Aqueous fraction of LI had a zone diameter from 15 ± 1.4 mm to 28 ± 2.7 mm while 
MIC and MBC ranged from 3.125 to 12.5 mg/mL and 6.25 to 25 mg/mL respectively. Synergism 
(88%) and antagonism (12 %) was observed with the antibiotics. GC-MS analysis gave 1, 1-dibutoxyl 
butane, 6-octadecenoic acid and 1, 19-Eicosadiene as the most abundant component of butanol 
fraction of LI while 2-ethyl hexanoic acid, Tritetracontane and Cis-Vaccenic acid are the abundant 
component of aqueous fraction. The study suggested that the component of LI extract could be 
potential lead molecules in combating Pseudomonas sp. in URTI.   
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INTRODUCTION 

In the past, the use of antibiotics has proven to 
be very effective in curtailing the spread of 
infections either completely or partially. 
However, the uncontrolled use of antibiotics 
had resulted in bacterial resistance thus limiting 
their effectiveness and usability 
(Laxminarayam et al., 2013). Upper 
Respiratory Tract Infection (URTI) is an 

infection caused by viruses and bacteria and are 
the most common infection in the population 
(Pokorski, 2015). In most cases, the infection 
spreads from person-to-person, when touching 
the secretions by hand or directly by inhaling 
the respiratory droplets. Bacterial infections 
could be a prime cause of upper respiratory tract 
infection, but they may also be due to 
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superinfection of a primarily viral infection 
(Turner, 2007). The upper respiratory tract 
includes the nose, nasal cavity, pharynx, and 
larynx with subglottic area of trachea (Green, 
2006). Risk factors for the development of 
upper respiratory tract infections are close 
contact like close contact of small children who 
attend the kindergarten or school, travellers 
with exposure to numerous individuals, 
smoking which may alter mucosal resistance, 
anatomic changes of respiratory tract, and nasal 
polyposis (Heymann, 2015). Johnsy (2010) 
posited that Upper respiratory tract infection 
(URTI) is caused by microorganisms such as 
Streptococcus pneumonia, Haemophilus 
influenza, Corynebacterium diphtheria, 
Bordetella pertussis, Bacillus subtilis, 
Moraxellan catarrhalis, Pseudomonas 
aeruginosa to mention a few.  
Accumulation of resistance after exposure to 
various antibiotics and cross-resistance between 

agents may result in Multidrug Resistance 
(MDR). Pseudomonas aeruginosa has been 
recognized as a ubiquitous, gram-negative, 
opportunistic organism which have adaptation 
abilities in a wide range of environments such 
as soil, water, sewage and hospitals (Ali et al., 
2015). Henna (Lawsonia inermis), belongs to 
the family Lythraceae, also known as the 
loosestrife family and it is cultivated by many 
farmers for cosmetic and pharmaceutical 
purposes. Several studies have also indicated its 
potency against a wide range of 
microorganisms (Abdelraouf et al., 2011). 
In view of the significance of this plant in the 
local treatment of various diseases, this work 
was carried out in order to investigate the 
antibacterial activity of the plant extracts on 
Pseudomonas sp. causing upper respiratory 
tract infection (URTI) with the view to 
providing the scientific basis for its local usage 
as a medicinal plant.  

 
MATERIALS AND METHODS 

Ethical Approval 
Ethical approval was obtained from the Health 
Research and Ethics Committee of the State 
Hospital, Abeokuta, Ogun State Nigeria. 
 
Sample Collection 
A total of fifty (50) fresh sputum samples were 
collected in sterile sample bottles from patients 
clinically diagnosed with upper respiratory tract 
infection and transported immediately in ice 
pack to the postgraduate laboratory, 
Department of Microbiology, Federal 
University of Agriculture, Abeokuta for 
isolation. 
 
Isolation and Characterization of the 
bacteria 
A loopful of the sputum sample was streaked on 
sterile plate of Nutrient agar, MacConkey agar 
and Cetrimide agar for isolation. Isolates were 
characterized using macroscopic morphology 
as described by Christopher and Bruno (2013) 
and microscopic morphology using Gram’s 
staining technique. Several biochemical tests 
were carried out and molecular identification 
was done through DNA extraction, 
amplification through Polymerase Chain 

reaction (PCR) and sequencing using Sanger 
16S rRNA gene sequencing technique. 
 
Plant collection and identification 
The plant used in this study, Lawsonia inermis 
was collected from the Department of Forestry, 
Federal University of Agriculture, Abeokuta 
(FUNAAB) Nigeria. The plant was identified 
and authenticated at Department of Botany, 
FUNAAB. 
 
Preparation and purification of extract  
The leaves of Lawsonia inermis plants were air 
– dried and chopped into small pieces and the 
extraction done using cold maceration in 60% 
methanol. Thereafter purification of the extract 
was carried out using solvent partitioning to 
obtain N – hexane, Dichloromethane (DCM), 
Ethylacetate, Butanol and Aqueous fractions. 
 
Antibacterial Studies 
Determination of antibacterial activity: The 
agar well diffusion method was adopted for 
screening antibacterial activity according to the 
method described by Okeke et al, (2001).  
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Determination of minimum inhibitory 
concentration (MIC): The MIC of test isolates 
was performed using the method described by 
Akinpelu and Onakoya (2006). This assay was 
done to determine the lowest concentration of 
extract that will inhibit microbial growth. 
 
Determination of minimum bactericidal 
concentration (MBC): Based on the MIC 
results obtained, the concentrations of all 
extracts that showed no growth were sub-
cultured into nutrient agar plates and incubated 
for 48 hours. The MBC was taken as the least 
concentration that did not show any growth on 
the agar plates. 
 
Antibiotic Sensitivity test 
Kirby Bauer’s disk diffusion method was 
employed to determine the effect of standard 
antibiotics against the test microorganism. Ten 
different standard antibiotics (Oxoid) were used 
for this study. This experiment was carried out 
in duplicates and the result obtained was 
interpreted using the Clinical and Standard 
Laboratory Institute (CLSI) chart (CLSI, 2017) 
and European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) guidelines 
(EUCAST, 2018). 
 
Determination of the rate of kill 
The killing rate of the most active extract on the 
most susceptible bacterial isolate was carried 
out according to the method described by 
Odenholt et al. (2001). 
 

Effect of the combination of the extract with 
commercial antibiotics 
The Overlay Inoculum Susceptibility disc 
technique as described by Ofokansi et al. (2012) 
was used in which a sub-inhibitory 
concentration of one of the test agents for the 
combination was prepared in molten nutrient 
agar. 
 
Physicochemical analysis 
Physicochemical analysis of the aqueous and 
butanol fractions of Lawsonia inermis was 
carried out at the Laboratory of 
Chromatography, University of Lagos, Lagos 
state, Nigeria. The analyses were performed 
using Shimadzu GC-MS-QP 2010 Ultra GC-
MS-QP 2010 Ultra equipped with a SLB-5ms 
Column fused with silica capillary (0.20mm X 
30.0m). The initial temperature was maintained 
at 40°C for 3 minutes and then heated at a rate 
of 15°C per minute up to 290°C with a director 
voltage relative to the tuning result. Carrier gas 
helium was used at a rate of 1 mL per minute. 
n-Hexane was first used to flush the columns so 
as to reduce noise or false peaks. The extract 
was then dissolved in n-Hexane and the 
different components present were identified 
with their various peaks and percentage heights. 
 
Statistical Analysis 
All results obtained were analyzed using 
Analysis of Variance (ANOVA) and Microsoft 
Excel Version 2013 and reported as mean ± 
Standard deviation. 

RESULTS 
The socio – demographic study are as shown in 
Table 1. Among all the fifty patients clinically 
diagnosed with URTI, 80% were female while 
20% were male. Organisms isolated from URTI 
include: Staphylococcus aureus, Streptococcus 
pneumoniae, Haemophilus influenzae, 
Moraxella catarrhalis, Bacillus subtilis, 
Pseudomonas aeruginosa and Pseudomonas 
alcaligens. However, since the focus of this 
research is on Pseudomonas species, the two 
species obtained were confirmed molecularly. 
Plate 1 shows the PCR amplification of the two 
species and Table 2 shows their percentage 
similarity and accession number. 

Table 1: Socio – demographic study of 
patients diagnosed with URTI 

Socio – 
Demographic 
Parameters                

Variables Frequency 
(%) 

Sex 
Male 10 (20) 
Female 40 (80) 

Age group 

1 – 20  
21 – 40 14 (28) 
41 – 60 9 (18) 
61 – above 5 (10) 
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The antibacterial activity of the crude extract of 
LI against Pseudomonas species showed a 
range of 17±1.7 - 24±2.6 mm as depicted in 
Table 3. Upon purification, 75% of the 
organisms showed the highest susceptibility to 
Butanol and Aqueous fractions while the n- 
Hexane had the lowest zones of inhibition on all 
the organisms. Figure 1 shows the mean 
diameter zones of inhibition of the purified 
extracts against different strains of 
Pseudomonas species. 
The crude extract of Lawsonia inermis for the 
seven Pseudomonas aeruginosa had MIC value 
range of 6.25 – 50mg/mL while Pseudomonas 
alcaligenes had the lowest MIC value of 
3.125mg/mL. The MBC value ranged from 12.5 
– 100mg/mL. This also indicates that 57.1% of 
Pseudomonas aeruginosa had a MIC of 6.25 
mg/mL and 42.9% had concentration of 12.5 
mg/mL. However, the MIC and MBC values for 
the purified extract shows a much lower value 
than the crude extract as depicted in Table 4. 
Table 5 however shows the CLSI interpretation 
of antibiotics sensitivity of the isolates against 
synthetic antibiotics. 
The time rate of kill of the butanol and aqueous 
extract indicates a continuous decrease in the 
cell population as the time of exposure 
increased for both Pseudomonas aeruginosa, 
and Pseudomonas alcaligens as indicated in 

Figures 2 and 3.  Tables 6 and 7 shows the effect 
of the combination of the extracts with 
Gentamicin (Oxoids). Synergism with 
antibiotics was observed in all strains of 
Pseudomonas aeruginosa used while 
Pseudomonas alcaligenes showed antagonistic 
relationship. 
 
M                                1                           2

Plate 1: PCR amplicons of 16S rRNA gene of 
Pseudomonas species 
KEY: M: Molecular marker with different sizes 
1: Pseudomonas alcaligenes  
2: Pseudomonas aeruginosa 

 
Table 2: Phenotypic and molecular characterization of Pseudomonas species isolates with their 
accession number 

Sample ID Organism matched Accession Number 
at NCBI 

% similarity 

PAL       Pseudomonas alcaligenes strain NEB 585      CP028959.1 100% 
PA Pseudomonas aeruginosa CCTCC strain LT629780.1 74% 

KEY: PA= Pseudomonas aeruginosa     PAL= Pseudomonas alcaligenes
 
Table 3: Antibacterial Susceptibility testing of Lawsonia inermis crude extracts on isolates 

Pseudomonas species                                          Mean zone of inhibition (mm) 
PA 1 24±2.6                                                
PA 2                                                              17±1.7   
PA 3 18±2.0 
PA 4 21±2.1 
PA 5 20±1.9 
PA 6 24±2.2 
PA 7 20±2.0 
PAL  23±2.0 
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Key:   PA = Pseudomonas aeruginosa                 PAL = Pseudomonas alcaligenes 

 
Key:   PA = Pseudomonas aeruginosa                 PAL = Pseudomonas alcaligenes  

Figure 1: Antimicrobial activities of the purified fractions of Lawsonia inermis against the 
Pseudomonas species 
 
Table 4: MIC and MBC value for the crude and purified extracts of Lawsonia inermis 

 
Pseudomonas 
species 

Crude extract Butanol Extract Aqueous Extract 
MIC 

(mg/mL) 
MBC 

(mg/mL) 
MIC 

(mg/mL) 
MBC 

(mg/mL) 
MIC 

(mg/mL) 
MBC 

(mg/mL) 
PA 1 50 100 6.25 25 25 50 
PA 2 25 25 12.5 25 6.25 25       
PA 3 12.5 12.5 6.25 25 6.25 25 
PA 4 6.25 25 6.25 12.5 6.25 25 
PA 5 50 100 12.5 25 12.5 25 
PA 6 25 50 6.25 12.5 12.5 25 
PA 7 12.5 25 12.5 12.5 25 25 
PAL 3.125 12.5 3.125 12.5 3.125 12.5 

 
Table 5: Sensitivity pattern of Pseudomonas species to different classes of antibiotics 

Pseudo-
monas 
species 

Quinolones Sulfon-
amides 

Aminoglycosides Tetra-
cyclines 

Beta - lactams 

CIP 
(5μg) 

NA 
(30μg) 

SXT  
(25μg) 

CN 
(120μg) 

 AK 
(30μg) 

TE 
(30μg) 

OX 
(25μg) 

AMC 
(30μg) 

FOX 
(30μg) 

PA 1 S I R S S R R I I 
PA 2 I R R S R R R S S 
PA 3 S R R S S I R I I 
PA 4 S R R S S R R S S 
PA 5 S R R S S R R I S 
PA 6 S R R S S R R R R 
PA 7 S R R S S R R I R 
PAL S R R S S R R R R 

Key: CIP = Ciprofloxacin; AMC = Amoxycillin/ Clavulanic acid; SXT = Sulphamethoxazole/ Trimethoprim; 
CN = Gentamicin; TE = Tetracycline; Ox = Oxacillin; AK = Amikacin; NA = Nalidixic acid; FOX = Cefoxitin. 
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Org. = Organisms PA = Pseudomonas aeruginosa PAL = Pseudomonas alcaligenes S = Sensitivity, R = 
Resistance, I = Intermediate 

(a) 

(b) 
Figure 2: Time rate of kill for Butanol (a) and Aqueous (b) fraction of Lawsonia inermis against 
Pseudomonas aeruginosa 
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(a)

(b) 
Figure 3: Time rate of kill for Butanol (a) and Aqueous (b) fraction of Lawsonia inermis against 
Pseudomonas alcaligenes 
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Table 6: Effect of the combination of the butanol fraction of Lawsonia inermis with Gentamicin 
Pseudomonas 

species 
Diameter zone of inhibition (mm) % 

Increase 
Effect 

Combination of 
Gentamicin  with extract 

Gentamicin only 

PA1 17 14 21 Synergism 
PA2 18 15 20 Synergism 
PA3 15 12 25 Synergism 
PA4 10 7 43 Synergism 
PA5 16 12 33 Synergism 
PA6 17 14 21 Synergism 
PA7 12 10 20 Synergism 
PAL 11 16 - Antagonism 

PA = Pseudomonas aeruginosa;          PAL = Pseudomonas alcaligenes 

 
Table 7: Effect of the combination of the aqueous fraction of Lawsonia inermis with Gentamicin 

 
Pseudomonas 
species 

Diameter zone of inhibition (mm)  
% 

Increase 

 
Effect Combination of 

Gentamicin  with extract 
Gentamicin only 

PA1 19 15 27 Synergism 
PA2 21 16 31 Synergism 
PA3 14 8 75 Synergism 
PA4 18 14 29 Synergism 
PA5 19 16 19 Synergism 
PA6 18 13 38 Synergism 
PA7 21 17 24 Synergism 
PAL 15 20 - Antagonism 

Key: Test = Combination of Gentamicin and extract;

 
  (a)       (b) 
Figure 4: GC – MS analysis of the butanol(a) and aqueous (b) fraction of Lawsonia inermis 
 
The physicochemical analysis of the Lawsonia 
inermis leaf extract revealed the presence of 
different components. Figure 4a shows the 
components of butanol fraction with their 
peaks: 1,1- dibutoxyl butane, Methtl pent-4-
enylamine, Anhydride phthalic acid, 

Olecarboxylic amide, Methyl-α-D-
galactopyranoside, Methy ester Hexanedioic 
acid, N-aminomorpholine, Methy 8, 11-
octadecadienoic acid, 1-methyl-4-
(nitromethyl)-4-piperidinol, Methyl stearate, 6- 
octadecenoic acid, 2-(methylamino)-Ethanol, 
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Ciprofloxacin and 1, 19-Eicosadiene 
respectively. Figure 4b also shows the 
components of aqueous fraction some of which 
are: N,N-dimethyl Urea, 2-ethyl hexanoic acid, 
Anhydride phthalic acid, Anhydride phthalic 

acid, 1,1,3,3- tetrabutoxy-2-propanone, 
Methyl-β-D-glucopyranoside, Methyl-α-D-
glucopyranoside, Cis- Vaccenic acid, 1-
chloroHeptacosane and Tritetracontane. 

 
DISCUSSION

Medicinal plants have provided abundant leads 
to combat diseases, from the beginning of 
civilization which extensively revealed that 
Lawsonia inermis are highly regarded as a 
universal cure in the herbal medicine with 
diverse pharmacological activity spectrum. 
This versatile medicinal plant composed of 
various types of accepted chemical compounds 
which makes them responsible for various 
activities of the plant (Chaudhary et al., 2010). 
Several organisms have been reported to be 
associated with URTI some of which are: 
Staphylococcus aureus, Streptococcus 
pneumoniae, Haemophilus influenza, 
Moraxella catarrhalis, Bacillus subtilis and 
Pseudomonas species, all in line with this study. 
Furthermore, URTI has been known to affect 
both male and female. However, it is more 
common among female than male (Ashwini and 
Harish, 2016). This is in conformity with this 
study as more females were diagnosed with 
URTI. 
Pseudomonas species are important causes of 
infection in patients with compromised host 
defense mechanism and nosocomial infection 
such as pneumonia. In this study, Pseudomonas 
aeruginosa was observed to have higher 
occurrence than Pseudomonas alcaligenes. 
This is in line with the study of Hoiby et al. 
(2010) which showed that P. aeruginosa is 
capable of extensive colonization. 
Lawsonia inermis (LI) from this study had high 
zone of inhibition on Pseudomonas aeruginosa 
which is in line with the study of 
Sudharameshwari and Radhika (2007) who 
reported maximum activity against both Gram 
positive and Gram negative bacteria using crude 
methanol extract of LI. 
Johnsy (2010) also posited that methanol 
extracts of L. inermis showed maximum 
activity against Staphylococcus aureus, 
Klebsiella pneumoniae, Proteus mirabilis, 
Escherichia coli and Pseudomonas aeruginosa. 

In addition, Ahmad and Latif (2004) reported 
that n – hexane and chloroform extracts of 
Lawsonia inermis were found active against 
Staphylococcus aureus and Pseudomonas 
aeruginosa.  
However, antibiotics susceptibility test on the 
isolates in this study showed that the 
Pseudomonas sp. were resistant to the 
sulphamethoxazole/trimethoprim, tetracycline, 
oxacillin and nalidixic acid group of 
anitibiotics. This could be due to the 
modifications of the outer membrane porins, 
which are pore proteins contained in the outer 
membrane of Gram-negative bacteria and they 
mediate the diffusion of small hydrophilic 
molecules (Cabiaux, 2003). Porins are 
primarily involved in passively transporting 
hydrophilic molecules of various sizes and 
charges across the membrane (Cabiaux, 2003). 
Many porins are targets for host immune cells, 
resulting in signaling pathways that lead to 
bacterial degradation. However, specific 
antibiotics have been designed to travel through 
porins in order to inhibit cellular processes 
(Cabiaux, 2003). The outer membrane is 
surrounded with lipid and protein which 
contributes to the sensitivity of Gram negative 
bacteria reaction to many antibiotics. The 
quinolones and aminoglycosides used in this 
study were shown to elicit high antibacterial 
activity against all Pseudomonas species tested 
which is in consonance with the report of Jones 
et al., (2002) who stated that anti-pseudomonal 
β-lactams, fluoroquinolones, aminoglycosides 
and carbapenems are used for testing 
Pseudomonas aeruginosa infections. The result 
of the classes of antibiotics that elicited high 
potency in this study possess the same 
characteristics as the primary constituent of 
Lawsonia inermis (Henna) which is quinone 
that is known to inactivate protein leading to 
loss of function (Habbal et al. 2007). 
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Antimicrobials are usually regarded as 
bactericidal if the MBC / MIC ratio is ≤ 4 and 
bacteriostatic if > 4 (Keepers et. al. 2014). The 
ratios obtained for all the test organisms were 
<4 which indicates that L. inermis extracts used 
in this study had bactericidal effect on all the 
test organisms.  
Upon purification using solvent partitioning 
technique, butanol and aqueous fractions of 
Lawsonia inermis had the higher activity than 
ethyl acetate, n-hexane and dichloromethane. 
This suggests that the antimicrobial compounds 
in L. inermis are polar and hydrophilic. 
Nostro et al. (2001) opined that the ability of an 
antibacterial agent to inhibit and kill bacteria is 
a measure of its effectiveness. Hence the 
butanol and aqueous fractions of L. inermis has 
higher effectiveness against Pseudomonas sp. 
The bactericidal action of these plant extracts 
was also confirmed by the time-kill kinetic 
studies. The rate of kill of both butanol and 
aqueous fractions of L. inermis extracts as 
shown in this study indicates a continuous 
decrease in the cell population as the time of 
exposure increases for both concentrations of 
the MIC used. This conforms with the reports of 
Boakye et. al. (2016) who reported a gradual 
decrease in cell population for the first three 
hours. However, the rate of cell population 

decrease was faster in twice the MIC than in 
single MIC. The study also revealed that the rate 
at which the fractions of L. inermis eliminate the 
cells increases with the concentration and time 
intervals as was observed also by Rhodes 
(2004).  
Furthermore, the results obtained indicates that 
the butanol and aqueous fractions of Lawsonia 
inermis potentiates the antibacterial action of 
antibiotics through the combination test on P. 
aeruginosa; this suggest a possible utilization of 
this extract in combination therapy. However, 
antagonistic relationship was observed in the 
combination of the standard antibiotics with 
fractions against Pseudomonas alcaligenes. 
This is in consonance with the findings of Al-
Saiym et al. (2015) who reported that 
synergistic interaction between antibiotics and 
extracts is highly dependent on the species of 
bacteria against which the combination was 
tested. The physicochemical analysis of 
Lawsonia inermis revealed the presence of 1, 1-
dibutoxyl butane, 6-octadecenoic acid and 1, 
19-Eicosadiene as the most abundant 
components of butanol fraction while the 
abundance of 2-ethyl hexanoic acid, 
Tritetracontane and Cis-Vaccenic acid was 
obtained in the aqueous fraction. 

 
CONCLUSION 

Plants are prospective source of antimicrobial 
agents hence, delving into their 
physicochemical constituents is of immense 
contribution to the pharmaceutical and medical 
field. This study reveals that the antibacterial 

potency of phytochemicals in Lawsonia inermis 
can be harnessed in solving the menace that 
URTI has contributed to the society since the 
plants is readily available, cheap and easily 
accessible. 
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