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ABSTRACT
Pseudomonas aeruginosa is the most common Gram-negative bacteria that causes fatal
nosocomial infections amongst hospitalized patients, especially immunocompromised
subjects. The bacteria resist a wide variety of currently available antibiotics. One of the resistant
mechanisms includes forming biofilms in the infected host, which prevents the accessibility of
drugs to their respective bacterial cell targets. A novel strategy to overcome this antibiotic
resistance mechanism is the use of antibiotics in combination with biofilm formation inhibitors.
The objective of this study was to investigate the effect of mulberry-leaf extracts on P.
aeruginosa biofilm formation. The results of specific biofilm formation (SBF) index
evaluations showed that mulberry-leaf ethanolic (256 g/ml) and ether extracts (32 g/ml)
presented strong capacities (SBF index > 1.1) to reduce biofilm formation by 44.0% and 44.8%,
respectively. Each plant extract anti-biofilm activity was tested further in combination with
gentamicin (0.125 to 1,024 µg/mL) using the checkerboard method; however, no synergistic
efficacy was observed. The MBEC and CLSM results revealed that the ether extract (32 g/ml)
was effective against P. aeruginosa biofilm formation. This study should provide an alternative
strategy for the effective treatment of deadly infections caused by the most common drug
resistant bacteria, P. aeruginosa.
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INTRODUCTION
Infectious disease incidence rates have increased in many countries worldwide. Additionally,
higher mortality rates are found in immunocompromised, elderly and chronically infected
patients, especially in cases in which catheter or implanted medical devices were involved 1.
These infections include Pseudomonas aeruginosa, which is the most common Gram-negative
bacteria that causes fatal nosocomial infections amongst hospitalized patients, particularly
immunocompromised subjects 2,3. The mortality rates related to pseudomonad bacteremia have
been reported to range from 18% to 62% 4. These bacteria have been found to be the pathogens
most related to nosocomial infection (13.4%) in Thailand 5. Clinical P. aeruginosa strain
antibiotic resistance was found to be significantly correlated with increased consumption of
anti-pseudomonad drugs, such as extended-spectrum cephalosporins, carbapenems,
fluoroquinolones and aminoglycosides 6. The resistance to a wide variety of currently available
antibiotics places these bacteria under selective pressure 7. There are many mechanisms by
which organisms act to resist antimicrobial agents, such as modifying enzymes, energyrequiring membrane efflux pumps and preventing cell exposure by forming biofilms 8.
Microbial biofilms cause serious medical problems because they resist antibiotics and the host
immune response. By definition, a biofilm is a community of cells that are attached to either a
biotic or abiotic surface and is enclosed in a complex exopolymeric substance 9. Antibiotic
susceptibility is reduced because of several mechanisms, including slower growth rates, altered
metabolism, oxygen gradient differences, extracellular matrix changes, up-regulated stress
proteins, the presence of bacterial persister cells and the spread of antibiotic resistance genes
through the promotion of horizontal gene transfer

10-12

. Biofilm formation adds greater

resistance to deleterious agents, such as antibiotics, sanitizers and disinfectants

13

. Novel

strategies to overcome these antibiotic resistance mechanisms include the use of antibiotics in
combination with biofilm formation inhibitors 14.
Plant-derived compounds have gained widespread interest in identifying microbial control
alternatives 15. Most studies regarding natural compounds have focused on the effects of these
compounds against planktonic bacteria, with a rare emphasis on the biofilm forms that are more
resistant to antimicrobial agents and are very difficult to eradicate. Novel compounds from
baicalin, which is extracted from Scutellaria baicalensis and ajoene (a sulfur-rich molecule
from garlic), have been presented to eradicate P. aeruginosa biofilm formation 16,17. In Asian
countries, mulberry (Morus alba) leaves are used as infusions and medicinal herbs due to their
enrichment in flavonoids, amino acids, vitamins and other trace elements 18. This herb has been
described to have antioxidant, anti-hyperglycemic, anti-hyperlipidemic, antihypertension and
antibacterial activities 19-21. The recently identified 1-deoxynojirimycin from mulberry leaves
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was shown to inhibit Streptococcus mutans biofilm formation by preventing surface adherence,
which is required for biofilm formation 22. However, the effect of this herb on biofilms that are
produced by other Gram-negative bacteria is still unknown. This study investigated the effect
of the mulberry leaf on Pseudomonas aeruginosa biofilm formation. We also utilized the
synergy test to combine mulberry leaf extractions with antibiotics for alternative treatments of
P. aeruginosa biofilm formation.

MATERIALS AND METHOD
Bacterial strains
One hundred thirty-six bacterial strains of clinically isolated Pseudomonas aeruginosa were
collected from Rajavithi Hospital, Bangkok, Thailand in 2009. Four specimen types were
collected, including blood (2.9%), urine (25.7%), sputum (41.9%) and pus (29.5%).
Biochemical tests were performed to identify P. aeruginosa, including Gram staining, oxidase
testing, carbohydrate utilization, growth at 42°C and motility. P. aeruginosa was cultured on
Muller Hinton agar (Oxoid) at 37°C overnight.
Plant extract preparation
White mulberry (Morus alba L., Moraceae) were collected from Nan province at the northern
of Thailand, during 2012. The samples were identified and authenticated by specialist from
Department

of

Agricultural,

Bangkok

Thailand

and

the

voucher

specimens

(BK067671/SB.002/Chiang Mai) were deposited at the Bangkok Herbarium (BK) at
Department of Agricultural in Bangkok Thailand. The mulberry leaves were washed and dried
in an oven at 67°C for 6 h. The dried leaves were ground with an electronic mixer and then
sieved. Three sample types were suspended in ethanol, hexane and diethyl ether at 1:10 ratios
and then subjected to ultrasonic extraction for 3 h. All crude extracts were filtered and
evaporated under vacuum control. The samples were stored at -20°C and protected from direct
light until they were tested for antibacterial and anti-biofilm activity.
Determining the crude extract MICs
The minimal inhibitory concentration (MIC) was determined using the microdilution broth
method, which was followed by CLSI 23. A two-fold serial dilution of the crude extracts (2.048
mg/mL – 4 µg/mL) was prepared using Mueller Hinton Broth (MHB) (Oxoid, UK) as a diluent.
The antibiotics were tested in parallel with serial gentamicin (512-1 µg/mL) and ciprofloxacin
(168-0.328 µg/mL) dilutions. One hundred extracted dilutions, plus an antimicrobial solution
and medium diluent as a negative control, were added to 96-well sterile microplate wells. Each
dilution was inoculated with 100 µL of each bacterial test strain, which were adjusted to 5x106
cfu/mL with fresh MHB. After incubation at 37°C for 24 h, bacterial growth was indicated by
assessing for visible growth of the test strains. The MIC was determined in separate duplicate
www.bjmhr.com
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samples, by observing the last crude extract concentration at which bacterial growth was not
found.
Combined gentamicin activity evaluations with the checkerboard technique
The interactive activity of gentamicin with the ether-extracted mulberry leaves against both
intermediate (50122) and resistant (50483) P. aeruginosa strains was evaluated with the broth
microdilution checkerboard method

24

. The gentamicin and mulberry leaf extract

concentrations used were 0.5-256 µg/mL and 8-512 µg/mL, respectively. Briefly, 50 μL of
CAMHB was dispended into each well of the 96-microwell plates. Then, the gentamicin was
serially diluted along the rows (1-11), while the extract was diluted along the columns (B-H).
To test each substance individually, only gentamicin was serially diluted in row 12, and only
the mulberry leaf extracts were diluted in column A. The bacterial inoculum for each bacterial
strain was prepared in CAMHB at 5 × 106 cfu/mL; then, 100 μL was added to each well and
incubated at 37°C for 24 h. To determine the MIC results, the lowest gentamicin and extract
concentration that completely inhibited the bacterial growth was observed by naked eye. The
fractional inhibitory concentration (FIC) index were calculated as follows: FIC index = FIC of
gentamicin (A) + FIC of extract (B), where FIC A is the MIC of gentamicin in the
combination/MIC of gentamicin alone, and FIC B is the MIC of the extract in the
combination/MIC of the extract alone. The combination was considered synergistic when the
FIC index was ≤0.5, indifferent when the FIC index was >0.5 to <4.0, and antagonistic when
the FIC index was ≥4.0.
The specific biofilm formation assay and the anti-biofilm screening test
A static biofilm formation assay was performed in 96-well polystyrene plates (Nunc, United
States), as described previously

25

with a few modifications. Briefly, P. aeruginosa was

inoculated into MHB at 37°C for 24 h; then, the cells were washed with 0.85% NSS and
adjusted to 5 × 106 cfu/mL. One hundred microliters of the tested strains was cultured in 96microwell plates with or without the plant extracts for 24 h without shaking. Biofilm formation
was evaluated by staining with a crystal violet solution (0.1%) for 15 min; the excess staining
was washed three times with PBS; then, the bounded biofilms were dried at room temperature
for 30 min and subsequently dissolved in 95% methanol before measuring the absorbance at
570 nm. The cell growth in the 96-well plates was also measured at OD620nm. The SBF index
was determined by applying the following formula: SBF index = (AB-CW)/G, in which AW
was the OD570nm of the stained attached bacteria, CW was the OD570nm of stained control wells
as abiotic factors and G was the OD620nm of cell growth in suspension. The assays were
performed separately in triplicate.
The effect of the mulberry leaf extract on biofilm formation
www.bjmhr.com
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The antimicrobial susceptibility testing of the biofilms was based on a previously described
technique, with modifications 26. The bacterial inoculum was prepared, as described earlier, in
96-well microplates (Nunc, United States) and covered with lids with 96 pegs (Transferable
Solid Phase, TSP; Nunc). These plates were incubated at 37°C for 24 h, which resulted in the
build-up of biofilms that surrounded the pegs. The planktonic cells were washed from the
pegged lid with the biofilms using three PBS washes. The pegs were transferred to a test plate
with different mulberry leaf extract concentrations (256-2 µg/mL), which was called the
challenge plate. The challenge plates were incubated at 37°C for 24 h; then, the pegs were
rinsed with PBS three times to clean the remaining extract. These pegs were used to quantify
the amount of biofilm remaining after the extract treatments with the crystal violet staining
method described earlier. The other pegs were used to enumerate the viable bacteria after
testing by sonication at 40±2 kHz and 0.22±0.04 W/cm2 for 5 min. The suspension was spread
onto TSA medium for the plate count technique. The bacterial survival rates were reported
using the following calculation: % survival = [(remaining cfu/mL after exposure) / (initial
cfu/mL)] x 100. All of the tests were run in triplicate.
Biofilm structure evaluations with a confocal laser scanning microscope (CLSM)
The biofilm formation architecture was examined with a confocal laser scanning microscope
(Zeiss, LSM 700, Germany) and analyzed with the COMSTAT program, which was kindly
provided by Heydon et al.

27

. The biofilms were grown for 0, 8, 16, and 24 h on coverslips

(Lab-Tek II chamber slide with cover, Nunc, United States) and stained with Live/Dead
(Syto9/PI) stain (Molecular probes, United States) according to the manufacturer’s
instructions. The CLSM images quantitative analyses were conducted using the image stacks
mode with a minimum of seven different images per test at 1-2 µM depths from three
independent experiments. Five parameters were assessed, including the biomass (µM3/µM2),
average thickness (µM), rough coefficient, surface to biovolume ratio (µM2/µM3), and
maximum thickness (µM).

RESULTS AND DISCUSSION
Biofilm formation evaluations with the SBF index
One hundred thirty-six P. aeruginosa clinical isolates were evaluated with crystal violet
staining, and the biofilm production was semi-quantitatively classified into 4 types according
to the following SBF indexes: strong (≥1.10), moderate (0.79≥ x ≥1.10), weak (0.35≥ x ≥0.79)
and negative (≤0.35). Although, the bacterial biofilm formations involved many factors (e.g.,
culture conditions, strain and methodology)

28

, mathematical formulas were necessary to

quantify the biofilm formations 25. In this study, we used the SFB index to assess the biofilm
producers and observed several biofilm-producing abilities (Figure 1). We found that most
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strains presented strong activity 59% (80/136), and an equal amount presented with moderate
and weak activity (10%). Some of the tested strains (21%) showed negative biofilm formation
activities. This assay was suitable for biofilm production quantification in cases with numerous
samples and various microbial strains

29-31

. There were a few studies regarding biofilm

formation in clinical samples. In our study, 136 clinical P. aeruginosa isolates had the ability
to produce biofilms (these were 79% of the total evaluated), which was similar to the results of
a previous study, which reported 88.6% 32.
strong activity

21% (28/136)

moderate activity

weak activity
negative
10% (14/136)

59% (80/136)
10% (14/136)

Figure 1: Biofilm formations of the 136 observed P. aeruginosa clinical isolates, which
were classified as strong (SBF index > 1.1), moderate (0.7 > SBF index < 1.1), weak (0.35
> SBF index < 0.7) and negative (SBF index < 0.35) biofilms.
The effect of the mulberry leaf extracts on biofilm formation
The ether, ethanol and hexane mulberry leaf extracts were tested with P. aeruginosa isolate cocultures. Biofilm activity comparisons between the controls (without extracts) and mulberry
leaf extracts showed that the extracts dramatically reduced the biofilm producer numbers (79%)
to 50%, especially the strong activity type producers (59%), whose numbers were decreased to
24.5-29.6% (Figure 2). This study highlights the capacity for mulberry leaf extracts to reduce
the activity of biofilms that are produced from clinical P. aeruginosa isolates.
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Figure 2: Percentage of biofilm-forming activity (37°C, 24 h), based on SBF index. The
activities were divided into 4 groups, including strong, moderate, weak and negative
groups, after they were tested with the ethanol, ether and hexane mulberry extracts as
compared with a control group (without extract).
Antibacterial activity and synergy effect of mulberry leaf extract
The crude mulberry leaf (4 to 2,048 µg/mL) extract did not significantly inhibit the growth of
any of the tested (n=136) strains. Mulberry leaf extract and gentamicin combinations were
tested on the P. aeruginosa 50122 and 50483 strains. The P. aeruginosa 50122 strain was an
intermediate strain for gentamicin susceptibility with the disk diffusion method; however, the
50483 strain was gentamicin resistant. The MIC was retested in both, and the strain resistance
was evaluated (= 8 µg/mL). The MIC was reduced to 2 µg/mL in both strains with the
gentamicin + extract. However, MBC of P. aeruginosa 50122 was found (2 µg/mL) regarding
the bactericidal activity.
0.80
0.70

SBF index

0.60
0.50
0.40
0.30
0.20
0.10
0.00
256
µg/mL

128
64 µg/mL 32 µg/mL 16 µg/mL 8 µg/mL 4 µg/mL 2 µg/mL
µg/mL

Figure 3 The effect of the ether mulberry leaf extracts at different concentrations (2 to
256 µg/mL) on P. aeruginosa 50122 biofilm formation with co-culturing.
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P. aeruginosa biofilm architecture and residence
The bacterial cells inside the biofilm at 24 h were treated with the extracts by using MBEC.
The extract could not be eradicated from the biofilm; however, it reduced the amounts of the
biofilm and the resident cells inside the biofilm. The optimal concentration of the ether
mulberry leaf extracts (32 µg/mL) is shown in Figure 3. These results indicate that the extract
had an effect on the biofilm architecture by changing the biofilm surface and finally reducing
the number of resident cells inside of the biofilm. To prove evidence for our hypothesis, we
analyzed the biofilm structure using CLSM, which compared the control group (without
extract) and co-culture with extract group at different incubation times (0, 8, 16, 24 h), as shown
in Figure 4. The images were taken as Z-stacks, which included seven images in each stack in
three different areas. Five parameters (biomass, average thickness, rough coefficient, surface
to biovolume ratio, and maximum thickness) were analyzed using the COMSTAT program.
The maximum thickness was reduced compared with the control at 16 h (p-value = 0.053). The
biofilm structure was disturbed in the presence of the extract, which was clearly observed with
CLSM.

A; 0 h

A; 8 h

A; 16 h

A; 24 h

B; 0 h

B; 8 h

B; 16 h

B; 24 h

Figure 4: Confocal scanning laser microscope (CLSM) images of P. aeruginosa 50122
biofilm formations that were grown in the absence (A) and presence of 32 µg/mL
mulberry leaf extract (B). The biofilms were labeled with Live/Dead (Syto9/PI) stain at 0,
8, 16, and 24 h incubation times.

DISCUSSION
Pseudomonas aeruginosa is a serious cause of health illnesses in many countries. These
bacteria have adapted to survive under stressful conditions and can persist in the presence of
antibiotics. The mechanisms that are utilized to survive under these stressful conditions include
acquired antibiotic resistance genes, target changes, and efflux pumps to reduce the antibiotic
www.bjmhr.com
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level in the cells. One of the mechanisms of biofilm production involves secreting
exopolysaccharides (slime) to protect resident cells inside the biofilm from antibiotics, host
immune responses and the environment. Notably, this secretion causes antibiotics to penetrate
biofilms slowly or incompletely, which can lead to non-specific resistance to all antimicrobial
agent types. Moreover, biofilm communities may have more than one type of organism;
therefore, the exchange of antibiotic resistance genes can occur at any time. Many P.
aeruginosa antibiotics resistance mechanisms can turn pathogens into very challenging
bacteria. New therapeutic strategies have been suggested to destroy biofilm formation, which
would disrupt bacterial communication signals and utilize optimized antibiotics based on
resistance issues. Alternative treatments include plant medicine, which include natural
compounds that were found to affect biofilms, such as cranberry, garlic, galangal, and others.
The mulberry leaf is a traditional herb and is used as a medicine in many Asian countries. This
herb has many phytochemical substances, including antioxidants, that reduce LDL oxidation
and blood sugar. In this study, we focused on the effects of the mulberry leaf extract on P.
aeruginosa biofilms. Almost all of the observed clinical P. aeruginosa isolates (136 strains)
formed biofilms (79%) according to the SBF index. Most of the positive strains had strong
biofilm production activity (74%). These strains might be important with regard to public
health, whereby suitable antibiotic usage is of concern. Bacterial biofilms are involved in a
wide spectrum of diseases and are of significant concern

12

. If device-associated biofilm

infections are serious, then chronic infections, transferred antibiotic resistance ability and
persistent bacterial cells are also involved 13,33. These biofilm producer infections are difficult
to clear with typical antibiotic therapies. Thus, the biofilm-producing activity should be
determined from clinical isolates for specific therapies. Here, we show that the mulberry leaf
extract activity decreased the number of biofilm producers from nearly 80% to 50%, and most
notably, the numbers of strong biofilm producers were reduced in half. The effect on the 24 hbiofilm formations by the extracts were appropriately examined, and we found that 32 µg/mL
of the ether mulberry leaf extract could sufficiently reduce the amount of biofilm and bacterial
cell survival. While cranberry juice has been shown to affect uropathogenic E. coli biofilms
34

, cranberry extract can also inhibit adhesion and co-aggregation of numerous dental bacteria

35

. Recently, cranberry A-type proanthocyanidins (PACs) were shown to significantly disturb

the P. aeruginosa swarming motility, which affected the P. aeruginosa biofilm aggregation 36.
In addition to cranberry, blueberry, tea and other medicinal plants also presented anti-biofilm
properties 37,38. There is also evidence that cranberry extract can be used for protecting against
urinary tract infections (UTI) in a pilot study 39. The combination of potential medicinal plant
extracts with antibiotics was shown in an in vitro C. albicans study with eugenol and
cinnamaldehyde, which also showed synergy with fluconazole
www.bjmhr.com
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biofilm structures following extract incubation showed that the substratum coverage of the
biofilms was rough and disrupted; however, the changes in these factors were not statistically
significant (P > 0.05). Interestingly, the mucoid colonies could survive better than the nonmucoid colonies. The combination of gentamicin and the ether mulberry leaf extract (512
µg/mL) reduced the MIC from 8 to 2 µg/mL, even though the mulberry leaf extract did not
display any antibacterial activity. A study regarding the flavonoid dietary compounds in citrus
showed that these compounds acted as Gram-negative bacteria quorum-sensing inhibitors 41.
Recently, a flavonoid that was isolated from the Moringa oleifera seed coat was evaluated
against Staphylococcus aureus, Pseudomonas aeruginosa and Candida albicans biofilm
formations 42. The only report to provide evidence for dental pathogens included the mulberry
leaf extract (Morus alba) compound 1-deoxynojirimycin (DNJ), which was shown to have antiadherence effects against Streptococcus mutans 22. It seems likely that the DNJ had an effect
on the S. mutans biofilm, which caused the mushroom cap and stalk of the architecture to
disappear 22. Several interesting active mulberry leaf extract compounds were found, including
quercetin (which exhibited strong antioxidant capabilities) 43. These compounds also presented
anti-S. aureus biofilm activities 44. In this investigation, the mulberry leaf extract was valuable
in providing further information regarding the significant active compounds that cause biofilm
reduction. There is limited literature regarding anti-Gram-negative bacteria biofilm agents,
particularly Pseudomonas aeruginosa, which is well known to form biofilms. This report sheds
light on the effects of the mulberry leaf, which is a cultivable and popular herb in Thailand and
other Asian countries, on this pathogen’s biofilm. The results in this study show that mulberry
extracts have potential anti-biofilm activity with an ability to reduce biofilm formation. This
study should provide an alternative strategy for effective treatments of deadly infection caused
by the most common drug resistant bacteria, P. aeruginosa. Further study should isolate and
identify the constituents that exhibit these anti-biofilm properties.

CONCLUSION
The results showed the effect of mulberry leaf extract on Pseudomonas aeruginosa biofilm by
disrupting the biofilm structure which observed in the biofilm architecture. Although the
mulberry extract had no evidence of microbicidal activity, it showed the impact on the process
of biofilm production. It is one of the virulence factors of P. aeruginosa that promotes the
spread of drug resistance by protecting resident cells in the structure of biofilm.
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