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ABSTRACT 
 

The chloroform, ethyl acetate and the ethanolic extracts of the Barleria cristata bark were tested for their 
antimicrobial activity against Staphylococcus aureus, Bacillus subtilis, Streptococcus mutans and Escherichia 
coli. The ethanolic extract gave the largest zone of inhibition i.e. showed to be the most active one against the 
tested bacteria. Thus, phytochemical screening of this extract was carried out and indicated the presence of 
mainly flavonoids. The new flavonoid compound 6-O-α-L-rhamnopyranoside-3,7,3'-O-trimethylated-8-
hydroxyquercetin was isolated and identified for the first time in nature together with the known flavonoids 6-
O-α-L-rhamnopyranoside quercetagetin, 3-methoxy quercetin, gossypetin 8-methyl ether, quercetagetin, 
tamarixetin, gossypetin and quercetin. Among these molecules, the gossypetin 8-methyl ether had the highest 
antibacterial activity. The structures of the isolated compounds have been established by spectroscopic and 
chemical analyses. 
  
Key words: 
   
Introduction 

 
During the last subsequent two decades, new classes of antimicrobial agents were developed one after 

another, leading to a golden age of antimicrobial chemotherapy. Since immemorial times, nature has been a 
source of these medicinal agents as these secondary metabolites (especially flavonoids) are synthesized by 
plants in response to microbial infection. So it should not be surprising that flavonoids have been found in vitro 
to be effective antimicrobial substances against a wide array of microorganisms (Cowan, 1999; Dahanukar et al., 
2002; Tim Cushine and Lamb, 2005). 

Barleria is a genus of plants in the family Acanthaceae. Some species includes: B. cristata, B. obtusa, B. 
prionitis, etc. are being used traditionally for a wide variety of ethnomedical properties and have a wide variety 
of medical properties (Gambhire, et al., 2009; Amoo, et al., 2009; Berrondo, et al., 2003; Biswas and Mukherjee, 
2003). Barleria cristata is one among them, commonly known as Philippine violet which is cultivated as an 
ornamental plant in villages and garden. Barleria Cristata Linn is a shrub found widely in subtropical Himalaya, 
Sikkim, Khasi Hills, central, and southern India at a height of 1,350 m (Wagner, 1999). Barleria cristata have 
been used traditionally for the treatment of variety of diseases including anemia, toothache, cough and 
hypoglycemic agent. Leaves were used to reduce swellings in inflammation (Khare, 2009; Amurtha and Victor 
Arkoia, 2009).   

Since the biological evaluation of this plant may lead to the development of safer therapeutic agents, the 
present communication therefore has been designed to assess in vitro antimicrobial activity of Barleria cristata 
bark extracts and/or isolated compounds from the active ethanolic extract after the phytochemical screening of it. 

   
Materials  and Methods 
 
General methods: 

 
 1H (500 MHz) and 13C (125 MHz) NMR: Jeol spectrometer (Kyoto, Japan) in DMSO-d6; UV: Shimadzu 

spectrophotometer model UV-240 (Kyoto, Japan); CC: Polyamide 6S (Riedel De Hen, Hannover, Germany) and 
Sephadex LH-20 (Fluka); PC: Whatman No. 1 and 3MM paper using the following solvent systems: (1)BAW 
(n-BuOH/AcOH/H2O, 4:1:5); (2) H2O; and (3) AcOH/H2O (15:85). 
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 Plant material:  
 
The cultivated plant material was collected from the Orman Botanical Garden, Cairo, Egypt. A voucher 

specimen has been deposited in the National Research Centre Herbarium. 
 
 Extraction and fractionation: 

 
Dried collected bark (500 g) was coarsely powdered then extracted by successive solvent extraction in 

Soxhlet extractor with chloroform (CF) followed by ethyl acetate (EA) and finally ethanol (ET). The three 
extracts were vacuum dried and their net weights were calculated to give CF (30 g), EA (50) and ET (100 g), 
respectively. 

On preliminary investigation of microbiological activity of extracts, the ethanolic extract was the most 
active. Thus, 70 g of the ethanolic extract was subjected to Sephadex LH-20 column and eluted with methanol 
followed with percentages of methanol/water of gradual increase in polarity to afford five fractions. These 
fractions were further purified on smaller columns of Sephadex LH-20 and paper chromatography to give rise to 
eight pure flavonoid compounds identified as the new natural 6-O-α-L-rhamnopyranoside-3,7,3'-O-
trimethylated-8-hydroxyquercetin, 6-O-α-L-rhamnopyrano side quercetagetin, 3-methoxy quercetin, gossypetin 
8-methyl ether, quercetagetin, tamarixetin, gossypetin and quercetin. 
 
Test Microorganisms: 

 
Two strains of gram positive bacteria staphylococcus aureus and Bacillus subtilis and two strains of gram 

negative bacteria Escherichia coli and Streptococcus mutans were used for studying the microbiological assay. 
Bacterial cultures were obtained from Microbiology Dept., NRC, Cairo, Egypt. The bacterial strains were 
subculture on the nutrient agar plates and incubated aerobically at 37°C.  
 
Antimicrobial activity assay: 
 
Diffusion Method: 

 
10 mg of each sample of the extract was spotted on sterilized filter paper disc (Whatman No 1, 6mm 

diameter) and transferred to the surface of agar plates freshly inoculated with test organisms. The diameter of 
the clear zones of inhibition was determined after 24 hours of incubation at 37oC for bacteria (Brown et al., 
1980). Similarly, each plate carried antibiotic disks (6.0 mm in diameter) of 20 mg/ml Ciprofloxacin was used 
as positive control. 
 
 Serial Dilution Method: 

 
Sets of test tubes, each containing 2 ml of nutrient broth were prepared and sterilized. Twenty milligrams of 

plant extracts in 1 ml sterilized water were aseptically transferred to the first tube and after thorough shaking; 
one ml of the mixture was aseptically transferred to a second tube. Such process was repeated from the second 
till the last tube of the series. Each tube was then inoculated with one drop of freshly prepared spoor suspension 
of the test organism and the whole series were incubated for 24 hours for bacteria at 37oC. 

The tubes showing no growth of the test organism (no turbid tubes) were counted and the minimum dilution 
of the fermented broth, which caused the inhibition of the test organism, was calculated (Egorov, 1985). All 
tests were performed in duplicate and the antimicrobial activity was expressed as the mean of inhibition zone 
diameters in mm produced by the sample. 
 
Determination of MIC: 

 
Minimum inhibitory concentration (MIC) is defined as the lowest concentration of a compound/extract/drug 

that completely inhibits the growth of the microorganism in 24 h (Aneja et al., 2009). The lowest concentration 
of the tube or plate that did not show any visible growth by microscopic evaluation was considered as the MIC. 
Determination of MIC of samples carried out by Serial dilution method (Brown et al., 1980). 

 
New natural 6-O-α-L-rhamnopyranoside-3,7,3'-O-trimethylated-8-hydroxyquercetin: 

 
Rf-values x100: 58 (1), 28 (3), 94 (4); UV λmax nm (MeOH): 265, 355, 420sh. +NaOMe: 265, 272, 395; + 

NaOAc: 268, 328sh, 370; +NaOAc/H3BO3: 262, 355, 410; + AlCl3: 255, 292sh., 352, 361sh.; +AlCl3 / HCl: 260, 
298sh., 365; 1H-NMR: δ(ppm) 7.7 (d, J= 2.5 Hz, H-2'), 7.5 (dd, J= 2.5 & 8.5 Hz, H-6'), 7.1 (d, J= 8.5 Hz, H-5'), 
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5.5 (d, J= 2 Hz, H-1''), 4.15 (dd, J= 2, 5 Hz, H-2''), 3.95, 3.89 and 3.85 (3s, OCH3), 3.07-3.6 (m, rest of sugar 
protons). 

 
Results and Discussion 

 
The use of and search for drugs and dietary supplements derived from plants have accelerated in recent 

years. Ethnopharmacologists, botanists, microbiologists, and natural-products chemists are combing the Earth 
for phytochemicals and “leads” which could be developed for treatment of infectious diseases, while 25 to 50% 
of current pharmaceuticals are derived from plants, none are used as antimicrobials.  

Antibacterial study of the Barleria cristata bark extracts against four pathogenic bacterial strains showed 
that the ethanolic extract was more active than the other extracts, whereby the antibacterial potential of extracts 
were assessed in terms of zone of inhibition of bacterial growth (Table 1). In fact, the ethanolic extract showed 
strong inhibitory activity against S. aureus, B. subtillis, S. mutans but it didn’t give any inhibition against E. coli. 
The growth inhibition zone measured ranged from 28 to 15 mm for ethanolic extract. Due to these results 
phytochemical investigation of the ethanolic extract was carried out which showed the presence of a number of 
flavonoid compounds, to which the antibacterial activity may be related (Martini et al., 2004). Thus, the active 
ethanolic extract was then applied on column using Sephadex LH-20 as an adsorbent and eluted by methanol 
followed by methanol/water percentages to obtain five fractions. These fractions were further purified using 
small columns or paper chromatography to give rise to eight known flavonols. Among which the methylated 
flavonol rhamnoside; 6-O-α-L-rhamnopyranoside-3,7,3'-O-trimethylated-8-hydroxyquercetin is a new natural 
product which is reported here to appear in nature for the first time. 

The purified material (1) was first identified through Rf-values and colour reactions with the UV spectral 
data to be a quercetin type with multisubstitution (Markham, 1982), whereby band I of its methanolic curve at λ 
352 nm accompanied by a hypsochromic shift of ~10 nm suggested methylation of 3-position, the absence of a 
shoulder at λ 320 - 330 nm in the NaOMe curve and the absence of any shift in band II on the addition of 
NaOAc, indicated a substitution in position-7 and/or 6-position. The substitution of 3'-position and not of 4' was 
shown by the bathochromic shift (40 nm) of band I on the addition of NaOMe without decrease in its intensity, 
also the addition of NaOAc/ H3BO3 gave no shift in band I indicated the absence of ortho-dihydroxyl groups. 
Complete acid hydrolysis of compound (1) gave the sugar rhamnose (Co-PC) and the aglycone (1a) which was 
investigated through UV spectral data in methanol and different diagnostic reagents whereby the methylation of 
3- position with the substitution of 7,3'- was identified as mentioned above. Further elucidation of the structure 
of (1a) was achieved by the 1H-NMR spectra which gave signals similar to that of quercetin with the presence of 
signal of H-2' at δ7.7 ppm (d, J= 2.5 Hz) more downfield than that of H-6' at δ 7.5 ppm (dd, J= 2.5 & 8.5 Hz) 
and ensured the 3'-substitution.The presence of the three singlet signals at δ 3.95, 3.89 and 3.85 ppm, confirmed 
the three methylether groups and the absence of both the H-6 and H-8 signals was significant, thus identifying 
(1a) to be 6,8- dihydroxy-3,7,3'-O-trimethylated quercetin which is a new aglycone that was isolated from the 
first time and suggesting the rhamnose moiety to be at either the 6 or 8- position of (1). And so, final proof of 
the substitution of the rhamnose moiety was achieved by 1H-NMR spectra of (1) whereby, the doublet signal of 
the anomeric proton of the rhamnose at δ 5.5 ppm (J= 2 Hz) ensure its presence at the 6-position, together with 
its double of doublet signal at H-2 at δ 4.15 ppm and the methyl group at δ 0.98 ppm (Harborne, 1993) in 
addition to the signals of the aglycone (1a). Finally (1) was confirmed to be 6-O-α-L-rhamnopyranoside-3,7,3'-
trimethylated -8- hydroxy quercetin. 

The separated identified flavonoids were tested for their antibacterial activity and minimum inhibitory 
concentration whereby most of the flavonoid compounds isolated gave strong inhibition against most of the 
bacterial strains with MICs values varying between 0.025 to 0.095 mg/ml. while only quercetagetin and 
tamarixetin gave moderate antibacterial activity against Gram positive strains with MIC values ranging from 
0.075 to 0.08 mg/ml and was inactive with Gram negative strains. Gossypetin -8-methyl ether highly inhibited 
the growth of the four species and gave for each one the lowest MIC. These results are presented in (Table 2).  
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Table 1: Antimicrobial activities (mm in diameter) of extracts of Baeleria cristata against microbes by diffusion method 
Baeleria cristata bark 
extracts 

Diameter of growth of inhibition zones (mm) 
Gram positive                                  Gram negative 
Staphylococcus        Bacillus                Escherichia          Streptococcus 
aureus                    subtilis                   coli                        mutans 

CF 
 

------ ----- ----- ------ 

EA 
 

------- ------ ----- ----- 

ET 
 

28 15 ----- 18 

Ciprofloxacin 
 

35 30 35 27 

 
Table 2: MICs values recorded for the identified flavonoids 

 1 2 3 4 5 6 7 8 
Staphylococcus aureus 0.065 0.07 0.05 0.07 0.075 0.075 0.065 0.07 
Bacillus subtilis 
 

0.030 0.05 0.025 0.05 0.08 0.08 0.033 0.045 

Escherichia coli 
 

0.08 0.09 0.05 0.085 ---- ---- 0.095 0.08 

Streptococcus mutans 0.06 0.08 0.04 0.065 ---- --- 0.085 0.08 
1= 6-O-α-L-rhamnopyranoside 3,7,3'-O-trimethylated-8-hydroxyquercetin, 2= 3-methoxy quercetin, 3= gossypetin 8-methyl ether, 4= 6-O-
α-L-rhamnopyranosidequercetagetin, 5=  
quercetagetin, 6 = tamarixetin, 7 = gossypetin and 8 = quercetin  

 
Conclusion: 

 
On comparison of the antimicrobial activities of the three extracts of Barleria cristata bark tested against 

the bacterial strains, it was finally concluded that the ethanolic extract was the potent extract which was believed 
to be due to its flavonoid content. Among the identified flavonoids, the gossypetin 8-methylether showed the 
best antibacterial activity which encouraged the use of the ethanolic extract and/or active compound in modern 
drugs. 
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