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Material and Methods 

Preparation of S. persicaextracts 

The roots of S. persica were collected in March 2010 from 
Almukwah, which lies in the Southern region of the Kingdom of 
Saudi Arabia. The plant was identified by ataxonomist and a 
voucher specimen (#1745) was deposited at the herbarium, 
College of Pharmacy, King Saud University, Riyadh, Saudi Arabia 
for future reference. The fresh ground roots (100 g) were extracted 
three times by percolation for 24 hours for each extraction using 
hexane, chloroform, and ethyl acetate. The solvents were 
evaporated under vacuum, leaving hexane, chloroform and ethyl 
acetate residues. Another fresh sample of the root was extracted 
with methanol and evaporated under vacuum to obtain methanol-
soluble and methanol-insoluble residues. The latter residue was 
treated with 10% water in ethanol yielding a dark brown residue. In 
addition, a fresh sample of the plant was also extracted with water 
to prepare an aqueous extract. All extracts were freeze-dried to 
ensure the complete removal of remaining solvents. S. persica 
extracts were suspended in dimethyl sulfoxide (DMSO) at a 
concentration of 50 mg/ml. This stock preparation was kept in a 
freezer at -20 C. Working dilutions were made in physiological 
saline at pH 7.4.  

Titration of microorganisms 

E. faecalis (ATCC 29212) and C. albicans (ATCC 66027) cultures 
were retrieved from -400 freezer and were grown for 24hours at 
37 C in 5ml of brain heart infusion (BHI) broth (Oxide Ltd. UK) and 
Sabouraud dextrose (SD) broth (Oxide Ltd. UK) respectively. 
Tubes with microbial cultures were centrifuged at 2000 g for 10 
min and the pellets were resuspended in original volume of 
respective broths. Log dilutions were made in sterile physiological 
saline, BHI agar and SD agar plates were inoculated in triplicate 
with 0.1ml of inoculum in each plate. Plates were incubated for 48-
72 hours and microbial colonies were counted. 

Colony forming unit (CFU) counts 

The stock culture of C. albicans was grown in 5ml of SD broth for 
24 hours and after centrifugation at 2000xg, the pellet was 
resuspended in original volume of the same broth. Culture was 
diluted in PBS to 0.5 McFarland standard. Similarly, the E. faecalis 
culture was grown in 5 ml of BHI broth for 24 hours and was 
processed in a similar fashion as C. albicans culture was handled. 
Double dilutions of S. persica extracts ranging between 125 øg to 
1mg/ml were prepared in triplicates in sterile Eppendorf tubes in a 
volume of 0.1ml and equal volume of microbial cultures were 
added in each tube.  Control tubes contained the microbial culture 

with 2%DMSO in physiological saline. All tests and controls were 
incubated at 37oC for a maximum period of 24 hours in sets of four 
aliquots each for all concentrations. A single aliquot was assessed 
periodically at 1, 3, 6 and 24 hours by preparing log dilutions in 
physiological saline. These dilutions were added to BHI agar plates 
in triplicate and the inoculum was spread with the help of a sterile 
glass rod using a plate rotator. Plates were incubated in anaerobic 
jars (BBL, CA, USA) with gas generating pouches and colonies 
were counted after 72 hours of incubation using a Colony counter 
(Quebec Dark Field Colony Counter, Cambridge Instruments Inc., 
Buffalo, NY, USA). The bacterial count in control tubes was always 
more than six logs although log dilutions were employed ranging 
between10-1 to 10-8 for each sample, where no CFU were 
observed. A gradual decline in CFU counts was noted with the 
increasing concentrations of S. persica extract in the test samples 

Statistical Analysis 

The data were recorded in Microsoft Excel computer software and 
analyzed using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). 
Descriptive statistics were used to summarize the continuous 
outcome variable. One-way analysis of variance was used to 
compare the mean values of the outcome variable, followed by 
TukeyÊspost-hoc test. A p-value of either equal to or less than 0.05 
was considered statistically significant. 

Results 

Among all the extracts of S. persica tested for antibacterial and 
antifungal activity, significant inhibitory effects were observed for 
hexane, ethanol, ethyl acetate and chloroform. Hexane extract was 
able to induce significant inhibition of both the E. faecalis and C. 
albicans at varying concentration over different time intervals. 
Although no inhibition was evident against E. faecalis after one 
hour at any of the concentrations, it was however evident after 3 
hours which increased progressively after 6 hours particularly at 
500 øg/ml concentration attaining a maximum inhibition (p < 0.001) 
at all concentrations after 24 hours (Figure.1a). A similar trend of 
hexane induced inhibition was observed against C. albicans where 
inhibition was however more pronounced after 24 hours at all 
concentrations (Figure. 2a). Ethanol extract of S. persica after one 
hour also failed to show any notable inhibition of E. Faecalis 
however inhibition was observed after 6 hours at 250øg/ml 
concentration achieving a maximum inhibitory effect (p < 0.001) 
after 24 hours at all concentrations (Figure. Ib).Chloroform extract 
of S. persica also inhibited E. faecalis, but the effect was only 
evident after 24 hours(p < 0.001) at all concentrations (Figure.1c). 
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chloroform and ethanol extracts of S. persica failed toshow 
significant antifungal activity in the present study. However, ethyl 
acetate extract of S. persica performed well as an antifungal agent 
in the present study. This observation was in contrast to a recent 
study reporting a poor performance of ethyl acetate extract of S. 
persica as an antifungal agent [30].Less than optimal antifungal 
activities of S. persica have also been reported in a number of 
studies [31,32].On the other hand, several investigators have 
demonstrated that the aqueous extract of S. persica performs well 
as an antifungal agent[16, 33,34]. Collectively these data indicate 
that because of the prevailing discrepancies further investigations 
are needed for better elucidation of role of S. persica extracts as 
anti-bacterial and anti-fungal agents.  
Despite this study reporting hexane extract of S. persicaas the 
most effective agent against E. faecalis and C.albicans 
controversies still prevail with regards to the most effective S. 
persica extract preparation. Al-Bayati and Sulaiman[34] and Sher 
et al. [35]have suggested that aqueous extract is better than the 
alcohol extract, whereas Abd EL Rahman et al. [29] have 
demonstrated a higher efficacy of ethanol extract. Similarly data 
regarding the anti-microbial spectrum of S. persica are also 
inconclusive. Al-Bayati and Sulaiman[34] have shown that S. 
persica extract is highly effective against E. faecalis, where as 
Sheret al.[35] demonstrated that S. persica aqueous extract was 
active against all oral pathogens particularly against 
Staphylococcus aureus (S. aureus). On the other hand, 
AbdELRahmanet al. [27] have reported S. persica as the most 
effective anti-microbial agent against Streptococcus mutans (S. 
mutans), where as Almas [31] has failed to demonstrate S. persica 
activity against S. mutans, S. aureus, or C. albicans. This 
contradiction in the antimicrobial activities may be attributed to 
differences in the timing and location of plant collection, extraction 
methods, variability in the tested bacterial species and the 
evaluation techniques [34,31,27].It is therefore imperative to 

establish a well-defined source and extraction method for 
production of an effective S. persica extract with a high degree of 
reproducibility.  

Conclusion 

Hexane extract of S. persica was found to exhibit maximum 
antimicrobial activity against E. faecalis and C. albicans. Further 
studies are recommended for evaluation of this extract as an 
effective anti-microbial agent. 
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