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Abstract:

The chemical analysis of rosemary (Rosmarinus officinalis L.) callus ethanol extract
was carried out using gas chromatography-mass spectrometry (GC-MS). The most
abundant compounds of callus ethanol extract were, qunoline alkaloid, phytol,
eucalyptol, camphor, borneol, verbenone and bornyl acetate.

Escherichia coli and Salmonella typhi showed resistance to Rifampicin and
Erythromycin, while they were sensitive to other antibiotics. On the other hand,
Staphylococcus aureus showed moderate sensitivity to antibiotics used.

Standard compounds have an activity at range of 0.7 to 2.5 cm, Rosmarinic acid and
carnosic acid were found to be the most effective antimicrobial compounds against
bacterial species involved in this study.

The study indicates that higher concentrations of the extract were required to inhibit
gram-negative bacteria. It was found that 320 ul/ml of callus extract was enough to
inhibit Escherishia coli, while 640 ul/ml of extract was required to inhibit Salmonella
typhi. Callus ethanol extract was more active against gram-positive bacteria;
Staphyllococcus aureus. Their growth was inhibited at 60 ul/ml of the extract. Thus, the
callus extract having a broad spectrum activity against gram positive and gram negative
bacteria.
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Introduction:

Rosemary (Rosmarinus officinalis L.) which has long been known as a spice and medicinal
herb belongs to the Lamiaceae family and receives an increasing attention due to its
antimicrobial, anti-inflammatory and antioxidative constituents [1].

Plant material from rosemary is of commercial interest for its essential oil content and its
antioxidant compounds. Carnosic acid and carnosol are shown to be the major phenolic
diterpenes in leaves of rosemary [2].

There is an increasing interest in phytochemicals as new sources of natural antioxidant and
antimicrobial agents. The popular rosemary plant is a native to the Mediterranean region;
however, it has been cultivated throughout world and accepted as one of the spices with
highest antioxidant activity (3).

The natural compounds which have biological activities are interest to pharmaceutical
industries especially for treatment of human diseases of microbial origin and for the
prevention of lipid peroxidation, which has been implicated in several pathological disorders,
such as coronary atherosclerosis, Alzheimers disease, cancergenesis, as well as in ageing
processes. The essential oils are volatile compounds of plants secondary metabolism and may
act as phytoprotective agents [4].

Synthetic chemicals are widely used against microorganisms, unfortunately they develop
resistance to many antibiotics due to the indiscriminate use of commertial antibiotics. In
addition, these antibiotics sometimes cause allergic reactions and immune suppression.
Therefore, the use of plant extracts is safer to the human health and environment [5, 6, 7].

The objective of this study was to determine the MIC (Minimum Inhibitory Concentration)
of callus extract of rosemary and comparisons of the antimicrobial potencies of this extracts
with some antibiotics and standard solutions of caffeic acid, rosmarinic acid, carnosic acid,
carnosol and rosmanol.

Materials and Methods :

This study was carried out in the laboratories of College of Medicine, Biology Department,
during the period from 5/1/2009 to 15/8/2009.

1- Callus extraction

A quantity of 10 g of callus powder was extracted with 50 ml of 70% ethanol by soxhlet
apparatus for 6 hrs at 60°C. The solution is then evaporated to dryness using a rotary
evaporator at 40 °C, then the extract was stored at 4°C in a refrigerator for future use in GC-
MS analysis [8].



2- Preparation of standard solutions

Stock solutions of: Rosmanol (MW 346.4), Caffeic acid (MW 332.4), Rosmarinic acid
(MW 380.3), Carnosic acid (MW 330.4 ) and Carnosnol (MW 331.3), were prepared by
dissolving 0.01 g of each standard in 50 ml of methanol 70% to obtain a final concentration of
200 mg/ml, the work solution was 20 pg/ml. The standards were supplemented by DHL post
company-Germany [9].

3- Gas Chromatography Mass Spectrometry analysis (GC-MS)

Analysis of callus extract was performed using GC-MS, equipped with mass selective
detector. For GC-MS detection electron ionization system with ionization energy of 70 eV is
used. Samples were injected automatically in the split mode at split ratio of 1:100. All the
tests were performed in triplicate. The compounds were identified by comparison of recorded
mass spectra with those of a computer library or with those of authentic compounds [10].

4-Tested microorganisms

The micro-organisms which used in this study were Escherichia coli MM294, Salmonella
typhi GEB111 and Staphylococcus aureus. They were supplemented by Biology Department /
College of Medicine /University of Baghdad. The bacterial cultures were maintained on
Mueller-Hinton Agar (MH). It was prepared according to the manufacturer’s instructions
[11,12].

5-MIC test

Sterile filter paper disks of uniform size (6 mm) were soaked with different concentrations
(10, 20, 40, 80, 160, 320 and 640 pg/ml) of callus ethanol extract, placed on the surface of
agar plate that previously inoculated with a standard amount (1.5x10°) of the micro-
organisms. The plates were incubated at 37°c for 24 hrs. After incubation, the plates were
examined for the presence of inhibition zone of bacterial growth (clear hallows) around the
disks [12].

6- Resistance to antibiotics

The bacterial strains were suspended in nutrient broth loopfull , inoculated onto the surface
of each nutrient agar plate. The antibiotic discs were placed on inoculated plates at 37°c for
24 hrs [13]. Ampicillin Sodium (AMS), Rifampicin (Rif), Oflaxamine (OFX), Erythromycin
(E), Amoxicillin(AM), Tetracycline (TE) and Vancomycine (VA) were used in this study.

Results:

Chemical analysis of rosemary callus extract revealed the presence of 20 active compounds
and other non-identified components at different quantities as shown in table 1 and figure 1.



Table 1: Retention time and peak area (%) of the active compounds found in rosemary callus extract analyzed by

GC-MS
Compound RT (min) Peak area%
Eucalyptol 9.36 4.44
Camphor 15.10 2.51
Borneol 16.58 1.91
Verbenone 19.04 2.30
5-oxymethylfurfurol 22.29 0.72
Bornyl acetate 23.66 1.66
Caryophyllene 31.59 0.64
Ferruginol 58.07 1.59
Isocarnosol 61.89 1.27
Stearic acid 62.35 0.71
Payarzolobis (bbn) thiolium 64.41 1.66
Phytol 64.82 9.12
Tetrahydroxy-tetramethyl-dihydrophenalenol- 65.33 14.45
furan-3-one
Tetramethylbenzaldehyde 2,4- 65.68 17.78
dinitrophenylhydrazone
Quinoline alkaloid 67.11 16.78
Dihydronomorphinone 67.47 3.73
Sclareol 67.78 0.71
Lidoflazine 71.68 1.85
Non-Identified compounds 16.37

Data showed that the most abundant compounds were quinoline alkaloid, phytol,
eucalyptol, camphor and verbenone. Other compounds were found at lower levels such as,
borneol, bornyl acetate, isocarnosol, ferruginol, sclareol and lidoflazine.
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Figure 1: Chromatogram showing the chemical composition of rosemary callus ethanol extract analyzed

by GC-MS

The antimicrobial activities of different antibiotics were carried out on two types of

pathogenic microorganisms;

gram-positive bacteria (Staphylococcus aureus) and gram-

negative (Escherichia coli and Salmonella typhi ) as shown in Table 2 and figure 2.

Table 2: Antimicrobial activity (inhibition zone diameter cm) of some antibiotics against tested microorganisms

mm--mmm

—n-----—

*Ampicillin Sodium (AMS), Rifampicin (Rif), Oflaxamine (OFX), Erythromycin
(E), Amoxicillin(AM), Tetracycline (TE) and Vancomycine (VA).

** Inhibition zone diameter (cm), MIC (20pg/ml), R=Resistance, S=Sensitive.



The antimicrobial activities of the standard compounds on the two types of pathogenic
microorganisms were shown in table 3 and figure 3.

Table 3: Antimicrobial activities of standard compounds against tested microorganisms represented as
inhibition zone diameter(cm) .

Standard compounds Staphylococcus Escherichia || Salmonella
aureus coli typhi

MW
[CETTR— NENEN R A

The antimicrobial activity of callus ethanol extract against tested microorganisms was
shown in table 4 and figure 4.

1.2
1.7
2.5
2.3
1.2

Table 4: Effect of different concentrations of rosemary callus ethanol extract on bacterial growth
represented as inhibition zones (cm).




Figure 2: Inhibition zones (cm) of antibiotics against 1- E. coli, 2- Salmonella typhi and 3- Staphylococcus
aureus respectively



Figure 3: Inhibition zones (cm) of standard compounds against 1- E. coli, 2- Salmonella typhi and 3-
Staphylococcus aureus respectively



Figure 4: Inhibition zones (cm) of rosemary callus ethanolic extract against 1- E. coli, 2- Salmonella typhi
and 3- Staphylococcus aureus respectively



Discussion:

Results showed that the more available constituents of rosemary callus extract were
phenolic compounds and substituted benzene hydrocarbons. Analysis of rosemary callus by
GC-MS led to the identification of more than 20 compounds by comparison of recorded mass
spectra with those of a computer library, but the most active compounds were, eucalptol,
camphor, borneol, bornyl acetate and verbenone. Quinoline alkaloid which was found in
callus extract has a great therapeutic value, the antimicrobial activity of this alkaloid has been
documented besides their pharmaceutical uses, they are used frequently in the food and soft
drink industry. Phytol was obtained at a highest percent which was considered as antiseptic
agent that used as mouth wash. Caryophyllene was recorded the lowest percent (0.64%)
followed by stearic acid and sclareol (0.71%). These results are in harmony with [13] who
found that rosemary extracts contain camphor, borneol, bornyl acetate and eucalyptol but at
higher concentrations. The differences may be due to seasonal variation, plant status and the
extraction method. .

Escherichia coli and Salmonella typhi showed a resistance to Rifampicin and
Erythromycin, while they were sensitive to other antibiotics. On the other hand,
Staphylococcus aureus showed moderate sensitivity to other antibiotics. These results are in
agreement with [14] who stated that E. coli strain that is resistant to several antibiotics
showed susceptible to the essential oils of R. officinalis.

Standard compounds have an activity at range of 0.7 to 2.5 cm as shown in table 3.
Rosmarinic acid and carnosic acid were found to be the most effective antimicrobial
compounds against bacterial species in this study. The antimicrobial efficacy may be
associated with their specific action as antioxidants. It was found by [15] that ethanol plant
extracts displayed broad spectrum activity against gram-positive and gram-negative bacteria.

Callus extracts activity against pathogenic micro-organisms, gram-positive bacteria
(Staphylococcus aureus) and gram-negative (Escherichia coli and Salmonella typhi ) was
shown in table 4. The MIC of rosemary extract was considered as the lowest concentrations
which inhibit growth of microbial cells. Data indicated that higher concentrations of the
extract were required to inhibit G-negative bacteria. It was found that 320 ul/ml of extract was
enough to inhibit E. coli, while 640 ul/ml was required to inhibit Salmonella typhi. Callus
ethanol extract was more effective against gram-positive bacteria; Staphylococcus aureus.
Their growth was inhibited at 160 ul/ml of extract. These results are in an agreement with [16]
who stated that gram-positive bacteria were the most sensitive bacteria as compared with
other bacterial species. Higher activity of the extract as well as its components against
bacterial species was reported by [17], whom found that the differences in the antimicrobial
activity might be due to the difference in bacterial cell wall constituents.

In conclusion, rosemary essential oil can be used in pharmaceutical industries for the
production of new synthetic agents to treat the infectious diseases caused by these bacterial
species. Food pathogens, such as, E. coli and others which might cause food spoilage and
subsequently human diseases. The use of plants to heal diseases including infectious ones, has
been extensively applied by people.
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