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ABSTRACT 
 
Aims: This study aimed to assess the ability of methanolic bark extracts from medicinal plants, 
Anogeissus leiocarpus and Terminalia macroptera for reducing Pseudomonas aeruginosa PAO1 
bacteria pathogenicity in Nicotiana tabacum.  
Study Design: A complete randomized block design was used with 3 replications including 3 
infiltrations modes: PAO1 only, PAO1+ A. leiocarpus extract, PAO1+ T. macroptera extract; the 
control plants didn’t received infiltration. 
Place and Duration of Study: The study was conducted at the Laboratory of Biochemistry and 
Chemistry Applied and Plant Ecophysiology Laboratory, University Joseph KI-ZERBO between 
November 2018 and May 2019. 
Methodology: Six weeks old tobacco plants previously cultured in vitro were infected via infiltration 
of bacterial inoculum with or not plant extract into Arabidopsis leaves. Ten days after the infection, 
phenotypic and biochemical leaves parameters were evaluated. The ImageJ software was used to 
measure discolored and necrotic surfaces. Chlorophyll a and b, proteins, total polyphenols and total 
flavonoids foliar contents were determined by spectrophotometry.  
Results: The extracts of plants used reduced significantly the severity of chlorosis and necrosis. 
They also allowed to increase the chlorophyll a but lowered the total flavonoids contents. T. 
macroptera extract showed an important reduction potential of necrotic area and total flavonoid 
content, and led to a decrease of total polyphenol content. A. leiocarpus extract application 
improved the protein content. 
This antibacterial activity seems attributable to the content in secondary metabolites including 
polyphenols acting alone or in synergy with those synthesized by tobacco. In addition, it appears 
that i) total polyphenols content make T. macroptera the most effective extract plant on foliar 
necrosis and that ii) perhaps other(s) class(es) of extract polyphenol, different of flavonoids, is (are) 
involved in the protective action on leaf 10 days after infection. 
Conclusion: A. leiocarpus or T. macroptera extracts in the inoculum reduced chlorosis and necrosis 
damages thanks to infiltrated polyphenols but not enough to prevent damages completely. 

 
 
Keywords: Medicinal plants extracts; Nicotiana tabacum; Pseudomonas aeruginosa PAO1; 

secondary metabolites. 
 
1. INTRODUCTION  
 

Pseudomonas aeruginosa is a Gram-negative 
bacterium able to infect animals and plants [1]. It 
is an opportunistic pathogen responsible for 
many nosocomial infections in humans, 
particularly in immune compromised or cystic 
fibrosis patients, leading to high rates of 
morbidity and mortality [2].The bacteria has a 
coordination system for the expression of 
virulence factors called Quorum Sensing (QS) 
depending on the bacterial density. Three 
systems of QS have been described in P. 
aeruginosa: the Las system, the Rhl system and 
the Pseudomonas Quinolone Signal (PQS) 
system. These systems control 8 to 10% of the 
P. aeruginosa genome [3]. As QS inhibitors may 
constitute a new class of antibacterial agents, the 
attenuation of bacterial virulence rather than the 
destruction of the pathogenic microorganism is a 
new concept for the control of pathogenic 
bacteria that are resistant to antibiotics. Anti-QS 
activity has been demonstrated in several plants 
belonging to the families of Combretaceae, 

Euphorbiaceae and Myrtaceae. [4]. In some 
plants, isolated flavonoids including catechin and 
naringenin showed to inhibit the production of P. 
aeruginosa virulence factors [5]. Moreover, 
ethnobotanical data indicate that the medicinal 
plants Anogeissus leiocarpus and Terminalia 
macroptera are rich in flavonoids and have 
significant anti-bacterial properties against 
Staphylococcus aureus, Shigella disenteriae and 
Vibrio cholera [6,7]. Our study is in line with the 
WHO( Word Heath Organization) 
recommendations [8] on the intensification of the 
search for medicinal plant treatments associated 
with P. aeruginosa. 
 
The general objective of our work was to study 
the effect of Anogeissus leiocarpus and 
Terminalia macroptera extracts on the 
pathogenicity of the bacterial strain 
Pseudomonas aeruginosa PAO1 in the tobacco 
plant (Nicotiana tabacum). So we had to 
determine the effect of these medicinal plant 
extracts on P. aeruginosa PAO1 induced leaf 
chlorosis and necrosis, and evaluate the effect of 
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extracts on the production of chlorophyll, proteins 
and phenolic compounds following bacterial 
infection of leaves. 
 

2. MATERIALS AND METHODS  
 

2.1 Biological Material 
 
Wild tobacco seeds and bacterial strain of PAO1 
were provided by the Laboratory of Plant 
Biotechnology of the Free University of Bruxelles 
(FUB) in Belgium. The methanolic extracts of A. 
leiocarpus and T. macroptera were obtained in 
the Applied Biochemical and Chemistry 
Laboratory (LABIOCA) of the University Joseph 
KI-ZERBO in Burkina Faso. 
 
2.2 In vitro Culture of Tobacco Seeds 
 
In order to have aseptic plants of Nicotiana 
tabacum, seeds were sterilized with a solution of 
0.75% sodium hypochlorite and 80% ethanol. 
Then in a sterile environment, the solution was 
removed 5 minutes later and 1 ml of 100% 
ethanol was added and then removed 
immediately. Finally, the seeds were washed 
three times with distilled water and then dried for 
2 hours. 1/2 MS medium was prepared with 
phytagel in 450 ml of distilled water. The medium 
was then sterilized by autoclaving at 120°C for 
20 minutes. The tobacco seeds were sown in 
Petri dishes on the culture medium and then 
placed at 4°C for 24 h in the dark. Then they 
were placed in a culture chamber at 20°C and 16 
hours of light. The seedlings 2 weeks old were 
transferred to pots containing a sterile mixture of 
2/4 of breeding ground, 1/4 of manure and 1/4 of 
fine sand. They were watered with 100 ml of 
water each day. Two weeks after their transfer to 
the potting soil, the plants were used for the 
different treatments. 
 

2.3 Inoculum Preparation 
 
Bacterial inoculum was prepared in LB medium 
to obtain 10

6 
CFU/ml (colony forming unit) [9]. 

 
2.4 Infiltration of Inoculum in Tobacco 

Leaves 
 

Three infiltration conditions were performed 
according to the inoculum nature: an infection 
with the PAO1 inoculum and the second one with 
PAO1 added to 100 μg/mL of plant extract, A. 
leiocarpus or T. macroptera. Infiltration consisted 
of injecting 100 μL of inoculum on the lower leaf 
surface according to the method of Starkey and 

Rahme [9]. For the control condition, no 
infiltration was done on leaf. After the treatments, 
tobacco plants were protected in a plastic bag 
and placed in the grow room.  
 
2.5 Measurement of Phenotypic 

Parameters after Leaves Treatments 
 
Treated plants were observed until the 
appearance of necrosis on the upper surface of 
the leaves. The plants were subsequently 
photographed and their phenotype appreciated. 
The ImageJ software was used to measure 
discolored and necrotic areas of treated leaves. 
 

2.6 Measurement of Biochemical 
Parameters in Treated Leaves 

 
2.6.1 Chlorophylls a and b content 
 
From 100 mg of fresh leaf, chlorophylls a and b 
were extracted according to the procedure 
described by [10]. The absorbance at 663 and 
665 nm led to determine the chlorophylls content 
in mg/g fresh weight (FW) following formulas: chl 
a = 12*(OD663) -2.67*(OD645) and chl b = 22.5* 
(OD645)-4.68*(OD663). Three absorbance 
measurements were made for each sample and 
the average was calculated. 
 
2.6.2 Total protein amount 
 
Protein concentration (mg/gFW) was determinate 
according to [11] from 250mg of fresh leaves 
crushed in 0.1M potassium phosphate buffer pH7 
containing 0.1 mM EDTA, 0.1 mM ascorbate. 
One μl of Bio-Rad reagent was used, different 
concentrations of BSA serve for standard curve 
establishment, 10μl of protein extract was used 
and ODs were read at 595 nm. 
 
2.6.3 Polyphenols and total flavonoids 

contents 
 
The tobacco leaves were crushed and soaked in 
1 ml of methanol for 24 hours.  
 
The determination of the total polyphenol was 
carried out according to the procedure described 
by [12]. Plant extract was mixed with Folin–
Ciocalteu Reagent and, 5 min later, with sodium 
bicarbonate. After incubation (1 H, room 
temperature). The absorbance was read at 760 
nm for a standard curve with different 
concentrations of gallic acid. Three readings 
were carried out per sample of extract and the 
mean expressed in mg Equivalent Gallic Acid per 
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100 mg of dried extract in mg EGA/100 mg Dry 
Weight (DW). 
 

Total flavonoids were determined by the Dowd 
colorimetric method adapted by [13]. A 100 μl of 
solution AlCl3 in 2% was added to 100 μl of 
methanolic extract and to variable concentrations 
of quercetin, the reference substance for 
standard curve. Three readings of OD at 415 nm 
were performed per extract sample and the 
results expressed in mg Equivalent Quercetin per 
100 mg of dried extract (mg EQ/100 mgDW). 
 

2.7 Statistical Analyzes of the Data 
 

Data analysis was performed using the Graph 
Pad Prism 5 software. One-way ANOVA by 
Tukey's test was used to compare the averages 
and the 5% threshold was retained to show 
significant differences. 
 

3. RESULTS AND DISCUSSION 
  

3.1 Chlorosis and Necrosis in Treated 
Leave 

 

After 10 days of treatment, phenotypic 
observation shows the damages caused by P. 
aeruginosa infiltration in leaves (Fig. 1). 
Discolored and necrotic surfaces areas near the 
infiltration pot, are given in Fig. 2. 
 
The simultaneous infiltration of PAO1 and plant 
extracts considerably reduced the discolored and 
necrotic areas of leave comparatively to the 

PAO1 inoculation alone (Figs. 2A and 2B). 
Indeed, the discolored area showed a reduction 
of 50% when plant extracts have been 
supplemented in the inoculum. The reduction in 
necrotic surface was more pronounced when 
infiltration was done with P. aeruginosa and T. 
macroptera extract (88%) than with P. 
aeruginosa and A. leiocarpus (85%) both 
compared to PAO1 alone. 
 

 
 
Fig. 1. Leaves of N. tabacum after 10 days of 

treatments 
A: Leaf treated with P. aeruginosa; B: Leaf treated with 

P. aeruginosa+A. leiocarpus; C: Leaf treated with P. 
aeruginosa+T. macroptera 

 

The apparent yellow spots on the treated leaves 
(Fig. 1) are symptoms of a decrease in 
chlorophyll content [14]. The similar pronounced 
necrosis on the leaf of N. tabacum infected with 
P. aeruginosa alone after 10 days (Fig. 1A) has 
been also seen on some plants such as Ocimum 
basilicum when infected with P. aeruginosa 
PAO1 or PA14 [15]. It can be explained by the 
presence of toxic compounds produced by P. 
aeruginosa which the most toxic is exotoxin A 
(ETA) with a LD50 of 0.2 mg [16,17,18]. ETA 

 

 
 

Fig. 2. Discolored and necrotic surfaces of treated leaves 
A: Discolored area in treated leaf; B: Necrotic area in treated leaf 

PAO1: treatment with P. aeruginosa; PAO1+A. leiocarpus: treatment with P. aeruginosa+A. leiocarpus; PAO1 
+T. macroptera: treatment with P. aeruginosa+T. macroptera 
Values with different letters are significantly different at P<.05 
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specifically interacts with a receptor on the 
surface of the host cell and affects protein 
synthesis thus causing the death of the target 
cell. Rhamnolipids produced by the bacterium 
could also lead to cell death considering their 
detergent property[19]. The observed necrosis 
can also result from an accumulation of toxic 
molecules produced by the plant for fighting the 
pathogen, but then harmful to the plant itself. 
Considering the resistance of P. aeruginosa to 
many antibiotics [20] it is possible to think about 
an accumulation of these "antibacterial" 
molecules in leaves due to their lack of 
effectiveness against the bacteria. Among these 
defense molecules, appear reactive oxygen 
species with free radicals such as hydroxyl 
radical (

●
OH), superoxide radical (O2

●-
) but also 

non-radical forms including H2O2 hydrogen 
peroxide can cause bleaching and cell death 
[14]. However, the involvement of these oxidized 
species should be considered in the process of 
programmed cell death causing necrotic lesions 
around the point of infection to isolate the 
pathogens [21].The phenotypic parameters thus 
studied, foliar necrosis and chlorosis, allowed us 
to conclude that P. aeruginosa has a pathogenic 
potential on the studied variety of tobacco. 
Considering our results and some studies which 
showed an antibacterial activity of zinc-
associated nicotine of tobacco against different 
Gram-positive and Gram-negative bacterial 
strains [22], it appears that either the variety of 
tobacco used is sensitive to P. aeruginosa or that 
the PAO1 strain is highly pathogenic. 
 

According to Fig. 2A leaves infected with P. 
aeruginosa PAO1 alone showed a discolored 

surface twice as large as those treated with T. 
macroptera extract or A. leiocarpus. Considering 
the same discolored areas for both extracts 
treatment, it appears that the action of the two 
extracts is similar and consists in reducing the 
spread of chlorosis caused by the bacterium. 
Furthermore, the application of these two 
medicinal plant extracts which significantly 
reduced the necrotic surface area compared to 
the infiltration with P. aeruginosa alone (Fig. 2B) 
showed that plant extracts reduced the bacterial-
induced necrosis process in this tobacco variety. 
Thus, we can admit that the P. aeruginosa PAO1 
bacterial strain is involved in the onset of 
symptoms of necrosis and that the action of 
medicinal plant extracts would reduce its 
virulence. The content of these extracts in 
secondary metabolites such as gallic acid and 
myricetin could be the source [23,24]. Our results 
also showd a more reduction of necrotic             
surface in leaves treated with T. macroptera 
extract compared to those treated with A. 
leiocarpus extract (Fig. 2B). T. macroptera 
seems to be the most effective extract plant on 
foliar necrosis. 
 

3.2 Chlorophyll and Protein Content in 
Treated Leaves 

 

In the presence of plant extracts, chlorophyll a 
quantity was less reduced whereas no difference 
in chlorophyll b content was observed between 
PAO1 and PAO1+extracts (A. leiocarpus or T. 
macroptera) treatment on leaves. Only A. 
leiocarpus extract led to rise up the protein 
content (Fig. 3) when compared to PAO1 
infiltration condition. 

 

 
 

Fig. 3. Leaf chlorophyll and protein contents after 10 days of treatment 
A: Chlorophyll a content; B: Chlorophyll b content; C: Protein content 

PAO1: treatment with P. aeruginosa; PAO1+A. leiocarpus: treatment with P. aeruginosa+A. leiocarpus; PAO1+T. 
macroptera: treatment with P. aeruginosa+T. macroptera 

Values with different letters are significantly different at P<.05 
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The decrease in chlorophyll amount in the 
discolored leaves confirm the apparent chlorosis 
following the PAO1 infection comparing to the 
control (Figs. 3A and 3B). The drop in chlorophyll 
a and b content probably result from their 
degradation/oxidation or from an inhibition of 
their synthesis [14]. Their oxidation by the 
reactive oxygen species produced during biotic 
stress induces leaf bleaching resulting in 
chlorosis [25]. The chlorophylls synthesis could 
be affected by oxidation of enzymes involved in 
the synthesis pathway in the case of 
programmed chlorosis or even by a 
degradation/inhibition of these enzymes by P. 
aeruginosa virulence factors [3,26]. The 
application of the two plant extracts, A. 
leiocarpus and T. macroptera, similarly improved 
the amount of chlorophyll a but did not change 
the chlorophyll content b. The antibacterial effect 
of the extracts observed on chlorophyll is thus 
not verified on chlorophyll b, thus suggesting a 
specificity of the antibacterial action relating to 
the type of chlorophyll pigment. Plant extracts 
would attenuate the virulence of the bacterium by 
inhibiting certain pathogenic enzymes affecting 
the chlorophyll a synthesis pathway and/or by 
trapping excess free radicals [27,28]. 
 
Total protein content decreased 10 days after 
PAO1 treatment compared to the control (Fig. 
3C) and stipulates a degradation of proteins, a 
disruption of the translation or even of the 
transcription of some genes following the 
infection. Proteins degradation may be due to 
their oxidation by reactive oxygen species or to 
the proteolytic activity of certain virulence factors 

such as elastase [14,29,30,1]. Such oxidative 
and proteolytic activities on proteins as 
elongation and transcription factors can lead to 
an inhibition of translation and/or transcription of 
target genes. Furthermore, some oxidative 
molecules may interact with membrane proteins 
and lipids leading to disintegration of cell 
membranes [14,19]. In the presence of medicinal 
plant extract, only the case where P.aeruginosa 
was associated with A. leiocarpus extract 
showed a significant increase in total leaf protein 
content compared to PAO1 treatment (Fig. 3C). 
This result suggests that the compounds in A. 
leiocarpus extract slow the proteolysis or tend to 
suppress the inhibitory effect of PAO1 proteins 
by "protecting" the leaf proteins with chemical 
binding or by binding to the active site of 
bacterial enzymes. The role of tannins as a trap 
for reactive oxygen species is significant in the 
protection of foliar proteins [31]. So, A. leiocarpus 
extract appears to have a better efficiency on the 
proteolysis and/or the inhibition of bacterial 
enzymes.  
 
3.3 Content in Secondary Metabolites 

 

Only T. macroptera extract lowered the overall 
level of total polyphenol in leaf (Fig. 4A). It also 
strongly reduced the total endogenous flavonoid 
content comparing to others treatments                   
(Fig. 4B). 

 
Infection of the leaf with P. aeruginosa PAO1 has 
increased the total polyphenol production 
compared to the control (Fig. 4A). Infected plant 
seems to induce defense mechanism that 

 

 
 

Fig. 4. Total polyphenol and flavonoid content in leaves after 10 days of treatment 
A: Total polyphenol content; B: Total flavonoid content 

PAO1: treatment with P. aeruginosa; PAO1+A. leiocarpus: treatment with P.aeruginosa+A.leiocarpus; PAO1+T. 
macroptera: treatment with P. aeruginosa+T. macroptera 

Values with different letters are significantly different at P <.05 
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produce polyphenols against infection. Only the 
addition of the extract of T. macroptera to the 
PAO1 inoculum lowered the total foliar 
polyphenols but did not reach the level observed 
in the control plants. This result suggests that T. 
macroptera extract contains polyphenols helping 
plant to fight bacterial attack but insufficient to 
prevent the production of plant own polyphenols. 
A. leiocarpus extract seems to have very few 
polyphenol hence the high level of plant 
polyphenol. It is conceivable that 10 days after 
the infiltration the quantity of polyphenols in plant 
extract became insufficient for bacterial attack 
thus forcing plant to produce polyphenols. 
Regarding flavonoids content, Fig. 4B shows us 
that flavonoids appear to be little involved in the 
defense response of the tobacco plant to 
pathogenic attack. It is possible to believe in their 
early effective action during the first moments 
after infiltration, or in their degradation as a result 
of infection, or more likely in a decrease of their 
production to the benefit of other(s) type(s) of 
polyphenols which are involved in tardive but 
effective defense response.  
 

4. CONCLUSION 
 

From our results, it is clear that the studied 
medicinal plant extracts significantly reduce the 
extent of necrotic lesions caused by P. 
aeruginosa PAO1. The total polyphenol content 
of PAO1 + T. macroptera treated leaves shows 
the involvement of exogenous polyphenols and 
that T. macroptera extract is the best extract for 
necrotic process inhibition. The discolored foliar 
surface due to the chlorosis followed an inverted 
trend with the content of chlorophyll a, thus 
mentioning a less pronounced degradation (or 
even a better protection) of the chlorophyll a 
assured by the presence of the extracts. The 
amount of total leaf protein less affected when A. 
leiocarpus extract was added to the inoculum 
stipulates that this extract boosts leaf protein 
production. Into perspectives, it is interesting to 
use more concentrated extract to find the best 
concentration for a total inhibition of chlorosis 
and necrosis. Also, some dosages of 
polyphenols, chlorophyll and proteins at different 
early times after infiltration can elucidate the role 
of these medicinal plant extracts on bacterial 
resistance. It might also be possible to identify 
the individual phenolic acids and flavonoids 
involved in the defense response. 
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