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ABSTRACT 
Origanum syriacum ssp. sinaicum is a wild herb endemic plant grown in Saint Katherine Protectorate, 
Sinai, Egypt has been used for traditional medicine. Thus, the antimicrobial, fibrinolytic and 
anticoagulation activities of the aqueous extracts (acidic, neutral and alkaline) and their sulphated 
derivatives of wild O. syriacum ssp. sinaicum were investigated. All extracts (acidic, neutral and 
alkaline) exhibited antimicrobial activity against Gram-positive bacteria (Bacillus subtilis, Bacillus 
cereus, and Staphylococcus aureus), Gram-negative bacteria (Escherichia coli) and antifungal activity 
against Candida albicans. Origanum air-dried leaves leaves crude aqueous extracts had been found to 
possess a moderate antimicrobial activity, a strong anti-coagulation activity especially aqueous 
sulphated extracts and a moderate fibrinolytic activity. 
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1. Introduction 

Medicinal plants have been used in developing countries as alternative treatments for health 
problems. Plants are similar to natural laboratories wherein abundant number of chemical compounds 
are bio-synthesized. Plants act as a natural resource of various bioactive compounds (Cherkupally et 
al., 2017). The Natural products extracted from these plants occupied an important role in traditional 
and modern medicine due to possessing several biological activities (Ruiz-Navajas et al., 2012; 
Tomoko et al., 2002) 

Origanum syriacum L. is manly as "Oregano" commonly utilized in the folk medicine that 
grows in the East Mediterranean Region such as Jordan, Syria, South Anatolia, Lebanon, Cyprus, 
Egypt, Sinai Peninsula (Seidermann, 2005). Oregano (Origanum sp.) is an important significant 
aromatic perennial plant in the family Lamiaceae. Under Egyptian conditions several species of 
Oregano are growing wild especially in South Sinai region including O. majorana, O. syriacum and 
O. vulgare (Soliman et al., 2007).  

Origanum syriacum ssp. sinaicum are Perennial herbs that are considered as a low under-shrub 
that can reach 90 cm. in tall, have much branched erect stems with broadly ovate leaves. It is an 
endemic species which encompasses most of the endemic species in Sinai and grow only in saint 
Katherine mountains area (Boulos, 2002). The leaves of O. syriacum commonly have been used in 
herbal traditional medicine, flavor, fragrance, massage, steam inhalation and vaporization. It is used in 
teas, cooked or baked foods (Alma et al., 2003). 

Plants are rich in secondary metabolites, which are predominant source of bioactive 
compounds. Plant extracts derived from different plant parts contain bioactive compounds. Selection 
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of suitable extraction procedure is an important step in extraction the desired bioactive secondary 
products in plant extracts. Phytochemicals are formed in plants as plant secondary metabolites to 
protect themselves and also, they have properties to protect humans against various diseases (Kumar 
et al., 2009). This plant had antimicrobial, antifungal, insecticidal and antioxidant effects as well as 
used for the treatment of skin fungal diseases, throat infection and cough (Bakkali et al., 2008; Alma 
et al., 2003; Husein et al., 2014.).  

Hence, the aim of this investigation focuses on the evaluation of the efficacy of the aqueous 
extracts (acidic, neutral and alkaline) of endemic Origanum syriacum ssp. sinaicum for antimicrobial, 
fibrinolytic and anticoagulation activities. 
 
2. Materials and Methods 
 

This study was carried out in Biotechnology Unit; Botany Department, National Research 
Centre and Chemistry of Natural Products and Microbial Department, Pharmaceutical and Drug 
industries Research Division, National Research Centre, Dokki, Giza, Egypt, on Origanum syriacum 
ssp. Sinaicum family Lamiaceae. 

 
2.2. Plant materials 

The aerial parts of wild Origanum syriacum ssp. sinaicum were obtained from Saint Katherine 
protectorate, South Sinai, Egypt, by Ahmed Abdallah Mohamed (Abdallah A.) Environmental 
researcher, Natural Conservation Sector (NCS), Egyptian Environmental Affairs Agency (EEAA). 
Collected plant parts were air-dried in shade and grounded in a grinder to be small particles.  

 
2.3. Preparation of Crude Aqueous Extracts 

Extraction was done with acidic (HCl pH3), neutral (distilled water pH7) and alkaline (4% 
NaOH pH13). Five grams of air-dried leaves of O. syriacum plant were extracted successively with 
200 ml x 3 times of HCl or distilled water or NaOH at 85oC under reflux for 3 h. (1 h. x 3 times). 
After cooling and filtration, the combined extracts were neutralized with sodium hydroxide solution 
and dialyzed against distilled water for 48 h., dried and weighed.  

 
2.4. Preparation of Sulfated Extracts 

Enhancement of the biological activities by chemical modification [Sulphation] done by 
adopting the method reported in (Yang et al., 2005) with some modification, the sulfation of the 
extract was performed as follows: 0.1g of extract was suspended in 0.5 ml dry formamide, and the 
mixture was stirred at room temperature for 24 h. in order to disperse it into the solvent. A sulfating 
agent was prepared by dropping 1ml of chlorosulfonicacid (HClSO3) in 4ml of formamide under 
cooling in an ice-water bath and then added to the extract. The reaction was cooled in ice, neutralized 
by 30% NaOH solution and dialyzed against running water for 48 h. and then lyophilized. 

 
2.5. Antimicrobial activity 

Antimicrobial activities against Bacillus subtilis, Bacillus cereus and Staphylococcus aureus as 
Gram-positive while Escherichia coli as Gram-negative and Candida albicans were obtained from 
Department of Chemistry of Natural and Microbial Products, National Research Centre.  

 
2.6. Preparation of standard bacterial suspensions 

The average number of viable organisms per ml of the stock suspensions was determined by 
means of the surface viable counting technique (Miles et al., 1938). Each bacteria strain separately 
cultured on nutrient broth (Difco), incubated at 37°C for 24 h. About (108-109) colony-forming units 
per ml was used. Each time, a fresh stock suspension was prepared the experimental conditions were 
maintained constant so that suspensions with very close viable counts would be obtained. 

 
2.7. Preparation of standard fungal suspensions 

The fungal culture Candida albicans, as unicellular were maintained on Saboraud dextrose agar 
(Oxoid), incubated at 27ºC for 7 days. The fungal growth was harvested and washed with sterile 
normal saline and finally suspended in (100ml) of sterile normal saline (Brantner et al., 1993). 
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2.8. Antimicrobial assay 
Antimicrobial activity against the bacteria and fungus was performed using the agar well 

diffusion method (Pepeljnjak et al., 2005; Valgas et al., 2007). The experiment was conducted using a 
culture at 37°C for 24 h on 10 ml of nutrient broth for bacteria and 48 h on Saboraud dextrose broth 
for fungus. Agar (20 ml) was poured into sterile Petri dishes and allowed to solidify. Wells were 
prepared in agar plates using a sterile cork pore of 6 to 8 mm diameter. The cultures were adjusted to 
∼106 CFU/ml with a sterile saline solution. A volume of 100 µl of the suspensions were spread over 
the agar plates using a sterile cotton. Preliminary antimicrobial screening of the isolated studied 
samples was performed with 50 mg dry weight. Each tested sample was dissolved in 1 ml of distilled 
water and sterilized by filtration through a 0.22 mm membrane filter (using Millipore membrane filter 
apparatus; Millipore). A volume of 100 µl of each sample was added separately to the appropriate 
wells in the Petri dishes. The antimicrobial activity was recorded by measuring the diameter of 
inhibition zones (DIZ). In these tests, imipenem (IPM) (100 mg/disc) was used as experimental 
positive control for strains (bacteria and fungus, respectively) and sterile distilled water was used as a 
negative control for which no inhibitory effect could be observed. Plates were incubated under 37oC 
for 24 h. The experiment was carried out three times and the mean values were presented. 
Experiments were conducted in triplicate and evaluated. The reported results were the average value 
with ±SE. 

 
2.9. Anticoagulation activity 

The activity of the crude aqueous and their sulfated extracts were determined according to the 
time for clot formation of fresh plasma of human blood (Colman et al., 1994) and compared with 
heparin sodium preparation as a standard. 

Agreeing the method of U.S.A, pharmacopoeia (Pharmacopeia, 1960) Glass test tubes were 
cleaned by immersion overnight in chromic acid. To each tube, 0.8 mL of sample (0.01% w/v in 
saline), 0.8 mL of standard heparin sodium (1.4 U.S. P unites /0.8 mL) or 0.8 mL saline solution were 
added, respectively. Then, 1 mL plasma and 0.2 mL CaCl2 (1% w/v) were added. The tubes were 
incubated in water bath at 37 °C. The time was immediately recorded and each tube was Stoppard. 
The time required for clotting was then determined as an average of three readings. 

 
2.10. Fibrinolytic Activity 

This was performed by exposing a plasma clot to the effect of the crude aqueous and their 
sulfated extracts comparing with the effect of Hemoclar (Pentosan sulfuric polyester, product of Clin 
Midy. Paris) on plasma clot that used as standard. Preparation of the plasma clot was done according 
to the method reported by Pharmacopeia (1960). 

The fibrinolytic activity was determined for the investigated crude and sulfated extracts by 
exposing a plasma clot to the effect of an aqueous solution (at suitable concentration) as described by 
(Ragab et al., 2014). All preparations of the plasma clots were achieved under the same conditions 
mentioned previously for the determination of anti-coagulation activity (US Pharmacopeia, 1960). 
Sets of three glass test tubes were cleaned by immersion overnight in chromic acid. To each tube; 0.8 
ml saline, 1 ml plasma and 0.2 ml calcium chloride (1% w/v) were added. After mixing, the tubes 
were incubated in a water bath at 37°C. When clotting was completed, 1 ml of either saline solution, 
Hemoclar preparation (2 mg/tube), or tested sample (2 mg/tube) were added individually. The lysis 
percentage of the plasma clots at 37°C was recorded with each sample and compared to that of 
Hemoclar as a standard drug. 
 

3. Results and discussion 
 
3.1. Antimicrobial activity 

The crude aqueous (acidic, neutral and alkaline) and their sulphated extracts of air-dried wild 
leaves of O. syriacum leaves were tested against Gram-negative, Gram positive bacteria strains and 
fungal growth to determine the antimicrobial activity of different O. syriacum extracts. 

O. syriacum air-dried leaves crude extracts demonstrated antimicrobial activity against Gram-
positive bacteria (Bacillus subtilis, Bacillus cereus, and Staphylococcus aureus) and Gram-negative 
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bacteria (Escherichia coli). Also, the air-dried leaves crude extracts of O. syriacum were found to 
possess antifungal activity against Candida albicans. 

Generally, in Table (1) the crude aqueous alkaline sulphated and non-sulphated extracts of wild 
plants air-dried leaves extracts exhibited the antimicrobial activity as compared to standard imipenem 
(IPM) at concentration 100 mg/disc. The alkaline sulphated had antibacterial effect against B. subtilis 
with diameter of inhibition zone (DIZ) (15.5±0.01mm), (15.0±0.27mm) for S. aureus and 
(14.4±0.02mm) for E. coli, while antifungal effect exhibited against C. albicans with a slight increase 
in DIZ (15.6±0.19mm) compared with neutral and acidic sulphated extracts. Moreover, the neutral 
non-sulphated extract demonstrated the best activity against B. subtilis with DIZ (14.5±0.09mm) and 
(13.9±0.03mm) for E. coli compared with the activity of acidic and alkaline non-sulphated extracts. 

The results in Table (1), appeared that, sulphation slightly increased the antimicrobial effects of 
aqueous extracts as compared to non-sulphated derivatives. Therefore, the sulfation modification of 
the crude extracts increased the antimicrobial activity. Also, the results indicated that the neutral and 
alkaline extracts had equal effects and were superior to acidic extracts but, there was no significant 
differences between sulphated and non-sulphated acidic, neutral and alkaline water extracts. 

Finally, the results of this study refer to the acidic, neutral and alkaline sulphated and non-
sulfated extracts exhibited the inhibition growth of Gram-positive and Gram-negative bacteria 
(Bacillus subtilis, Bacillus cereus, Staphylococcus aureus and Escherichia coli). In addition, all 
extracts inhibited the growth of Candida albicans fungus. The previous results referred to the aqueous 
extract of thyme moderately inhibited the bacterial growth of Staphylococcus aureus and Escherichia 
coli. This activity attributed to the presence of phenolic acids, flavonoids, saponins, polyacetylene, 
and tannins (Fayad et al., 2013). Also, polymethoxy flavones was responsible for the antibacterial 
activity of thyme extract (Ghazanfar, 1994). Ralitsa & Teodora (2017) reported that, the aqueous 
extracts of thyme and oregano were demonstrated antimicrobial activity against Candida albicans, 
Enterococcus faecalis and Pasteurella multocida. Moreover, Origanum vulgare L. aqueous extracts 
showed activity against the growth of Staphylococc, Enterobacteria and Pseudomonas aeruginosa 
(Martins et al., 2014).  
 
Table 1: Antimicrobial activity of O. syriacum air-dried leaves crude extracts (Acidic, Neutral and 

Alkaline) against Bacillus subtilis, Bacillus cereus, Staphylococcus aureus, Escherichia 
coli, and Candida albicans. DIZ (mm). 

Microorganisms 

 Aqueous Extracts 

St. Acidic pH3 Neutral pH7 Alkaline pH13 

IPM NSW SW NSW SW NSW SW 

Bacillus subtilis 19.0±0.01 13.2±0.11 14.9±0.18 14.5±0.09 15.4±0.11 14.1±0.13 15.5±0.01 

Bacillus cereus 17.1±0.07 12.4±0.08 13.5±0.16 14.2±0.22 15.5±0.08 14.1±0.21 15.3±0.10 

Staphylococcus 
aureus 

16.2±0.02 13.5±0.06 14.7±0.13 13.5±0.23 14.1±0.33 14.3±0.21 15.0±0.27 

Escherichia coli 15.6±0.07 12.3±0.05 13.4±0.08 13.9±0.03 14.3±0.51 13.7±0.04 14.4±0.02 

Candida albicans 16.6±0.03 12.2±0.17 13.2±0.23 14.6±0.19 15.2±0.21 14.4±0.18 15.6±0.19 

NSW = non-sulphated extract of wild plant, SW = sulphated extract of wild plant, St = Standard, IPM = Antibiotic 
used as a positive control. Data are means ± SE carried out in triplicates. 

 
3.2. Anticoagulation activity 

As a result, more research was focused on enhancing the biological activities of O. syriacum 
air-dried leaves aqueous extracts through the chemical modification of the original aqueous extracts. 
This was achieved by introducing sulphate ester groups on carbohydrate moieties of aqueous extracts. 
The anticoagulant activity of aqueous extracts (acidic, neutral, and alkaline) and their corresponding 
sulphated derivatives were determined compared to standard preparation of heparin sodium that was 
used as the standard anticoagulant. At a concentration of 2 mg/ml, the results in Table (2) showed that 
the variations between acidic alkaline and neutral extracts were not significant. The observations 
revealed that the majority of the sulphated aqueous extracts tested showed a great anticoagulant 
property.  
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Data presented in Table (2) reported that, sulphated extract of wild plants air-dried leaves at 50 
µg/ml was the best sample as compared to all aqueous extracts for preventing clot formation at the 
lowest concentration, followed by non-sulfated wild plants leaves 100 µg/ml. Based on these findings, 
it was determined that adding a sulphate group to the studied extracts improves anticoagulant activity. 
While, there were no significant findings between different water (acidic, neutral and alkaline) 
extracts. These results revealed that Origanum syriacum supsp. sinaicum possess bioactive agents 
which were related with anticoagulation activity. Origanum had been discovered to be a plant-based 
thrombin inhibitor. It increased the time it took for thrombin and fibrinogen to clot, as well as the time 
it took for plasma to recalcification. Additionally, the anticoagulation activity exhibited by the crude 
aqueous extracts may be attributable to increase the inhibition of clotting factors.  

This observation mentioned above is acceptable on the basis of the previously mentioned 
studies (Khouya et al., (2015), they reported that aqueous of thyme possess strong anti-coagulation 
activity of two varieties (Thymus atlanticus and Thymus zygis) while Thymus satureioides did not 
have anti-coagulation activity. The activities of anticoagulation and anti-inflammatory had been 
mostly attributed to presence of large amounts of flavonoid and polyphenol compounds in plants 
(Pawlaczyk et al., 2013).  

 
3.3. Fibrinolytic activity 

This part of the present study was performed to evaluate the fibrinolytic activity of the various 
crude aqueous (acidic, neutral and alkaline) extracts and their corresponding sulphated as compared 
with standard fibrinolytic, Hemoclar. The fibrinolytic activity was recorded by measuring the lysis of 
human plasma clot. 

The results in Table (2) shows that, the sulphated and non-sulfated acidic extracts of O. 
Syriacum exhibited slightly lysis of plasma clots (+5). Moreover, the neutral and alkaline sulphated 
and non-sulfated extracts exhibited a moderate lysis of plasma clots (+6) as compared to the standard 
"Hemoclar" preparation at the same concentration (2 mg/ml) Figure (1). Furthermore, no significant 
differences were seen between acidic, neutral and alkaline sulphated and non-sulfated extracts. 

The anti-coagulation and fibrinolytic activities result in Table (2) clearly showed that Origanum 
aqueous extracts possess a strong anti-coagulation activity in preventing clot formation when 
compared to the standard "Heparin'' especially the aqueous sulphated extracts. Additionally, the 
aqueous extracts of air-dried aquas extracts of Origanum plant had a moderate effect in dissolving the 
clot as compared with the standard "Hemoclar". From the previous studies different plants had the 
fibrinolytic properties such as Bacopa monnieri, Spirodela polyrhiza, Zingiber officinale and Moringa 
oleifera (Sai et al., 2012; Choi & Sa, 2001; Helal et al., 2014; Abd El-Hameid et al., 2018). This was 
the first study of it’s kind in the investigation at the fibrinolytic and anti-coagulation activities of 
isolated extracts of the studied Origanum syriacum supsp. sinaicum. Such promising results 
encourage pharmacognosy researchers to conduct more in vivo studies on the Origanum plant. 
 
Table 2: Fibrinolytic and anticoagulation activities at 2mg/ml of aqueous extracts of Origanum 

syriacum. 

Extracts 

Anticoagulation activity Clotting Time (min) 
Fibrinolytic activity 

Cont. 
Concentrations of extracts (µg /ml) 

2000 1000 500 200 100 50 St. Ex. A 

Acidic 
pH3 

NSW 6 > 600 > 600 > 600 130 45  -- 
+4 

+5 

SW 6 > 600 > 600 > 600 170 65 25 +5 

Neutral 
pH7 

NSW 6 > 600 > 600 > 600 120 40  -- 
+4 

+6 

SW 6 > 600 > 600 > 600 160 60 20 +6 

Alkaline 
pH 13 

NSW 6 > 600 > 600 > 600 130 35  -- 
+4 

+6 

SW 6 > 600 > 600 > 600 165 60 25 +6 

NSW = non-sulphated extract of wild plant, SW = sulphated extract of wild plant, Cont. = control, St = Standard 
(Hemoclar) +4, Ex. A= Extract activity, Extract concentration = 2 mg/ml, +6 = lysis 50% of plasma clots and +5 = 
lysis 25% of plasma clots. 
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Crude extracts 

   
Sulfated extracts 

   
Acidic +5 Neutral +6 Alkaline +6 

Fig.1: Fibrinolytic activities of aqueous extracts of Origanum syriacum samples before and after 
sulfation. 
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