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Abstract
The aim of current study was evaluation of antibiofilm and antibacterial activity of crude alkaloids extract against methicillin
resistant Staphylococcus aureus (MRSA). Crude alkaloid extract was prepared from the dried crushed calyces of Roselle
(Hibiscus sabdariffa), then characterized by Gas Chromatography- Mass Spectrometry (GC-MASS). The antibacterial activity
and MIC were determined for this extract by using agar well diffusion method and the modified broth macro-dilution method
respectively against fifteen isolates of MRSA. Detection of biofilm production was assayed by tissue culture plate method.
The results revealed that the antibacterial activity of crude alkaloids extract against MRSA bacteria was 18mm as inhibition
zone at concentration 20mg/ml while the MIC of extract were 15 mg/ml. Biofilm assay results showed that ten isolates were
strong biofilm production, all of these isolates changed to weak and moderate biofilm production isolates after treating with
MIC of crude alkaloid extract of testing plant. From this study, the anti-biofilm activity of crude alkaloid was highly effective
on biofilm degree of Staphylococcus aureus forming biofilm.

Introduction
Methicillin-resistant Staphylococcus aureus

(MRSA) is adangerous pathogen because it have the
ability to cause diseases by employing a varied number
of virulent factors and resistance mechanisms (Butterly
et al., 2010). Microorganisms adherence to their host is
mediated by a number of general factors such as bacterial
cell surface hydrophobicity (CSH). This factors was
given initial bacterial adhesion to different surfaces such
as teeth, medical devices, glass surface and contact
lenses. The leading causes of device related infections
are Staphylococcus aureus and Coagulase negative
Staphylococci biofilms (Go ẗz, 2004). Many studies have
proposed that the effect ofanti-infective agents on CSH
of bacterial cells would be essential for anti-biofilm
formation and anti-adhesion of the treated bacterial cells
(Nithyanand et al., 2010). The increasing number of
multiple antibiotic-resistant microorganisms and failure
to treat (infectious diseases) are main the problem in the
medical area (Jafari et al., 2015). Therefore, many
scientists has researched to produce new efficient agents
that exceed the resistance of these microorganisms and
are also cost-effective (Abo-Neima and El-Kholy, 2016).

Finding new anti-staphylococcal agents that could
stop the adherence become an essential challenge to the
scientific community. In the recent years, the use of plant
extracts as alternative treatments has become widespread.
The plant products which is considered as secondary
metabolites produced by plants, these substances act as
the defense mechanisms for plant against predation by
microorganisms, insects and herbivores. Hibiscus
sabdariffa (H.sabdariffa ), commonly known as Roselle
nearly 2.4m tall herbaceous subshrub. The calyx of this
plant is thick, red and cup-shaped (Medina et al., 2009).
This part of plant was rich in secondary metabolites that
have medicinal properties since it contain flavonoids like
alkaloids, gossypetin, hibiscetin and saponins (Hirunpanich
et al., 2005). Also Roselle calyx extract contains hibiscus
acid, anthocyanins, flavonols and other polyphenolic
compounds. Roselle extract has been used in folk
medicine. The extract has anti-hypertensive,
hepatoprotective, anti-oxidant, anti-inflammatory, anti-
cancer and anti-microbial properties (Tsai et al., 2014).
Although there are many studies found the effects of
Roselle as an herbal medicine but there are only a few
trainings have studied the anti-biofilm activity of Roselle



calyx compounds. Thus, the purpose of this study was to
examine the anti-biofilm activity of Roselle calyx
compounds like alkaloids on pathogenic bacteria
methicillin resistant Staphylococcus aureus (MRSA).

Material and Methods
Collection and drying of H. sabdariffa calyces

The calyces of Roselle was collected from the local
market in Babylon Province (Iraq). Then it was washed
three times by D.W. and then dried by using oven at
40°C for 5 days and pulverized to a fine powder using a
sterilized mixer grinder. The powdered samples were
stored in a clean container until the time of the extraction.
Extraction of Crude alkaloids

Extraction of crude Alkaloids from H. sabdariffa
were carried out by using 100 g of plant powder was
homogenized with 350 ml of 4:1 ethanol: D.W., in electrical
blender for 5 minutes, then filtered with muslin cloth and
Buchner funnel under reduced pressure by using
Whatman No. 1 filter papers. The supernatant was
evaporated at 45°C in a rotary evaporator, drops of 2%
sulphuric acid were added until the pH became (1-2),
then extracted with chloroform three times in separating
funnel. The solution was separated into two layers, the
lower layer was chloroform, was neglected. The upper
layer was the aqueous layer to be used. Addition of drops
of concentrated ammonium hydroxide was added to this
layer until pH became (9-10), then extracted was again
with chloroform: methanol mixture in ratio of 3:1 twice
and one time with chloroform alone. Two layers appeared,
the lower layer was evaporated at 40°C for (1-2) hours.
The upper layer, the aqueous layer, was evaporated at
40°C for (1-2) hours and kept in refrigerator (Harborne,
1984).
Characterization using Gas Chromatography- Mass
Spectrometry

Characterization of alkaloids was done by Gas
Chromatography- Mass Spectrometry. GC-MS were
recorded in a GCMS-2010 Shimadzu instrument operating
in EI mode at 70ev. A Restek-5MS column (30m ×
0.25mm × 0.25µm) was used. The oven temperature
program was 1000 to 2500°C at 50°C min-1 and held for
5 min at 2500°C and from 2500°C to 2800°C at 100°C
min-1 and held for 10 min at 2800°C. The injector
temperature was 2500°C with normal injection mode.
The flow rate of carrier gas helium was 1.21ml min-1.
The identification of alkaloids was confirmed by comparing
the mass spectral data with those of authentic compounds
and with data obtained from the literature.
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Bacterial isolates
• Collection of samples:
A total of 73 clinical samples (wound, urine and stool)

were collected from patients admitted at Al-Hashemia
hospital during a period of four months (from January to
May 2019). These samples were inoculated on nutrient,
Mannitol and Blood agar plates, then incubated at 37°C
for 24 hours under aerobic conditions. S. aureus isolates
were identified according tomorphological, cultural and
biochemical characters. Vitek2 system was used to
confirm the characterization of the isolates.

• Screening for MRSA by Disc Diffusion method:
Screening for MRSA was done by Kirby-Bauer disc

diffusion method by cefoxitin discs (30µg). Bacterial
suspension was made by emulsify three to five colonies
into 3 ml of sterile normal saline, then compared with the
0.5 McFarland turbidity standard. This suspension was
inoculated on Muller Hinton agar plates and incubated at
37oC for 24 hours. An inhibition zone diameter of 21 mm
around the cefoxitin disc was considered resistance; and
22 mm is considered sensitive (CLSI, 2016).
Determination of Antibacterial Activity of Crude
alkaloid Extract (Agar Well Diffusion Method)

Muller Hinton agar plates were prepared and
inoculated with the tested isolates by spreading the
inoculums on the surface of media by sterile swab. By
sterile cork borer (6 mm in diameter), wells were made
in the agar and these wells were filled with alkaloid plant
extract with concentrations (2.5, 5, 10, 20, 40, 80 mg/ml).
The plates were incubated at 37°C for 18 hours. Then
the diameters of the inhibition zones were measured to
assess the antibacterial activity of these extract (Dodson
et al., 2000).
Determination of Minimum Inhibitory
Concentration (MIC) of Crude alkaloid Extract

To assess the MIC of the crude alkaloid extract of
tested plant, modified broth macro-dilution method was
used. A twofold serial dilution of the extract was set by
dissolving the dried extract in sterile distal water in four
tube to gain a decreasing concentration range from
(60mg/ml to 7.5mg /ml.) Then 500 L volume from each
dilution is transferred into test tubes contain about 4ml of
sterilized Muller Hinton broth media. Standardized
inoculums of 500 L S. aureus strain that compared with
McFarland standard tube No 0.5 (1.5 ×108 cell/ml) were
inoculated for the tube that contain Muller Hinton broth
media and plant extract and incubated at 37°C for 24 h.
Then the turbidity of the medium was observed, the tube
that have no turbidity is considered as the MIC (CLSI,
2012).
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Biofilm Production by Tissue Culture Plate Method
(TCP)

This method was considered the gold-standard
method that detect for biofilm production, it was described
by (Christensen et al., 1985). The organisms were
isolated from fresh agar plates and inoculated in 10 mL
of BHI broth with 1% glucose. After the period of
incubation, the cultures were diluted 1:100 with fresh
medium. The wells of sterile 96 well-flat bottom
polystyrene tissue culture were filled with 200µL of the
diluted cultures. The control organisms were also added
to tissue culture plate, while the negative control wells
contained only sterile broth. Then the tissue culture plate
was incubated at 37oC for 24 h. After incubation, the
contents of all wells were detached by gentle tapping.
Then 0.2 mL of phosphate buffer saline (pH 7.2) was
used to wash all the wells four times to remove free
floating bacteria. Biofilm produced by bacteria that
adherent to the wells were fixed by 2% sodium acetate
and stained by crystal violet (0.1%). Excess stain was
detached by using deionized water and plates were kept
for drying. Optical density (OD) at 570nm of stained
adherent biofilm was obtained by using
Spectrophotometer.

Results and Discussion
Out of 73 clinical samples, 20(27.3%) were found to

be S. aureus. The distribution of S.aureus isolates
according to the site of infection was presented in the
table 1. Others researcher (Kadhum, 2017) found the
rate of S. aureus isolations were (16.66%) with
distribution rate as (20.6%) from urine and (15.7%) from
wound.

S. aureus is the main causes of community
and1hospital acquired infections which can cause various
consequences (Hamza et al., 2015). It’s consider the
cause for serious infections such as skin infections, burn
and wounds infections, osteomyelitis, urinary tract
infections, meningitis, septicemia and toxic shock
syndrome (McCaig et al., 2006). S. aureus able of long
survival on environmental surfaces, it can be found in
distilled water and in any part of hospital and it is resistant
to numerous conventional antibiotics and chemical

disinfectants (Azize, 2015).
Detection of MRSA By Disk Diffusion Method

To detect MRSA, Disk Diffusion Method was done
to tested bacterial isolates based on resistance ability to
cefoxitin and Oxacillinantibiotics disc according to the
(CLSI, 2016).

Current study showed that the rate of MRSA isolates
were 75.0%. This result was agree with (Salman and
Taj Aldeen, 2018) which found that 86.9% of S. aureus
isolated from urinary tract infection is MRSA. Additional
studies by (Sina et al., 2011) exhibited that 53.6% of S.
aureus isolated from urine samples are MRSA. Oxacillin
considers stable at storage conditions (Weigelt, 2007).
Rendering to that, the isolates that has been resistance
tocefoxitin and oxacillin were interpreted as MRSA. Both
of cefoxitin and oxacillin discs were used in this test for
screening about MRSA isolates, other than methicillin.
Methicillin is not used in our study because it is more
sensitive to experimental conditions in contrast with
oxacillin, also some evidence of another studies refer to
failure the detection of resistance by using this antibiotic
(Derek et al., 2005).
Antibacterial Activity of crude alkaloid H. sabdariffa
calyces extract

Antibacterial activity of crude alkaloid H. sabdariffa
calyces extract has been determined via the agar well
diffusion method. The findings of this study show that
this extract showed inhibition zone diameter (18 mm) at
concentration 20 mg\ ml against S. aureus as shown in
table 2.
Characterization using Gas Chromatography- Mass
Spectrometry

The crude alkaloid was extracted from the dry
crushed powder of H. sabdariffa calyx. Identification
of alkaloids was made by GC-MS (Fig. 1). Total of fifteen
compounds were identified of which fifteen compounds
namelyas shown in table 3.

The compounds that found in the extract are given
this activity against testing bacteria. These compounds

Table 1: The numbers and percentage of S. aureus isolated
from clinical specimens.

Sources No. of No. (%) of
of isolates samples S.aureus isolates

Urine 35 10(28.5%)
Wound 25 5 (20.0%)
Stool 13 5(38.4%)
Total 73 20(27.3%)

Table 2: Means of antibacterial activity of crude alkaloid
extract of H.sabdariffa calyx on S. aureus isolated
from urine samples.

Concentration of Inhibition zone in
extracts (mg/ml) (mm) Mean + SD

1.25 0
2.5 0
5 8+0.7
10 14+0.6
20 18+0.8



are doing by numerous mechanisms and employ
antimicrobial activity. The anti-microbial activities also
may be due to numerous free hydroxyl ions that able to
associate with the carbohydrates and protein of the
bacterial cell wall. They may linked with the sites of cell
enzymes and make them inactive (Harborne and Baxter,

1995).
The micro dilution assay gave MIC value 15 mg/ml.

An outer peptidoglycan layer of gram positive bacteria is
not effective barrier that make this type of bacteria is
susceptible. Phytochemicals act as antimicrobial agent
by different mechanisms, tannins for example do their
role by iron removal, hydrogen bounding or non-
specificinteractions with important proteins like enzymes
(Scalbert, 1991), the mechanism of indoloquinoline
alkaloids remains unclear (Sawer et al., 2005). Many
researches proved that the main indoloquinoline alkaloid,

Table 3: The compounds that identified in crude alkaloids
extract from Roselle calyces by GC-MASS.

The compounds
1 Trichloromethane
2 Methane,oxybis
3 Trichloromethane
4 Phenol, 2,4-bis(1,1-dimethylethyl)
5 Methane,bromodichloro-
6 Fumaric acid, 2-methylpent-3-yl tridecyl ester
7 Acetyl chlorid
8 Ethane,2,2-dichloro-1,1,1-trifluoro
9 Ethane,1,2,2-trichloro-1,1-difluoro
10 Dichloroacetic acid,heptadecyl ester
11 Pentaflouropropionic acid,pentadecyl ester
12 Acetic acid,chloro-,octadecyl ester
13 Erythro-9,10-Dibromopentaacosane
14 Fumaric acid,cyclohexylheptadecyl ester
15 Phenol,2,2,methylenebis (6-(1,1-dimethylethyl)-4-methyl-

Table 4: Biofilm production of MRSA according to with and
without MIC of crude alkaloid H. sabdariffa calyces
extract.

Bacterial Weak Moderate Strong
isolates No. (%) No. (%) No. (%)
S.aureus
without 2(13.33%) 3(20.00%) 10(66.66%)

plant extract
S.aureus

with crude
alkaloid 13(86.66%) 2(13.33%) None

H. sabdariffa
calyces extract

Fig. 1: GC-MASS characterization of alkaloid extract from H. sabdariffa.

cryptolepine, makes cell lysis and
morphological alterations of S. aureus,
but the antimicrobial effects of the
alkaloid may be through another
mechanism, since the compound is
known to be a DNA intercalateor and
an inhibitor of DNA synthesis through
topoisomerase inhibition (Lisgarten et
al., 2002).
Biofilm Assay by Tissue Culture
Plate Method (TCM)

Biofilm is bacterial derived sessile
groups described by the bacterial cells
that are attached to each other or to a
substratum continuously. Then this cell
begin to make a material of extracellular
polymeric substances (EPS) to fix
themselves and exhibit a new phenotype
with respect to growth rate and the
transcription of the gene. Biofilm safe
bacteria from phagocytosis,
environmental pressure and antibiotics
(Donlan and Costerton, 2002). In
present study, biofilm production was
identified by using tissue culture plate
method (TCM).

TCM is appropriate method to
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quantify biofilm production (Harvey et al., 2007). Crystal
violet dye is linked to molecules that found on the surface
of the cell such as polysaccharides, nucleic acid and
negatively charged, so it clarifies the whole amount of
the biofilm production. This method was applied to the
bacterial isolates without extract and with MIC of crude
alkaloid H. sabdariffa calyces extract.

Our results found that the isolates are ranged as
weak, moderate and strong biofilm, as shown in table 4.

The result of biofilm production showed that 65.2%
of bacterial isolates give strong biofilm,this result was
agree with a local study in Babylon province, that found
61% of S. aureus isolates able to produce strong biofilm,
most of these isolates from ulcer tissues and urine (Al-
Hassnawi, 2012). Biofilm production is the dangerous
feature of S. aureus infection, which be consisting of
numerous layers of bacteria sheathed within an exopoly
saccharideglycocalyx. This material protected the coated
bacteria from host defenses and antibiotics (Stewart,
2002). While the result after treated with crude alkaloid
H. sabdariffa calyces extract showed that no one of
these isolates was strong biofilm production. The
compounds which inhibited the biofilms might interfere
with the adherence of bacteria to the surface, which is
the initial step in the formation of biofilm. Biofilm provides
microorganisms shelter against antibiotic and host
defense, hence these compounds might be used as an
alternative to antibiotics or used as an adjuvant with
different antimicrobials to treat different bacterial
infections (Ahmed et al., 2014).

Conclusion
The crude alkaloid H. sabdariffa calyces extract

revealed highly antibiofilm activity against methicillin
resistant Staphylococcus aureus isolated from different
clinical specimens.
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