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Plants are an important source of neutraceuticals that have proved to be effective against important microbial 
infections of humans. Lower plants are gaining importance in this regard. The present study is aimed at investigating 
the antimicrobial properties of three selected ferns, Psilotum nudum, Nephrolepis biserrata and Nephrolepis cordifolia. 
The aerial parts of the selected ferns, P. nudum, N. biserrata and N. cordifolia, were fractionated in different solvents. 
These fractions were concentrated to obtain a powder and were tested against nine bacterial and three fungal 
strains according to disc diffusion method. The water and ethanol fractions were active against most of the tested 
bacterial and fungal strains, some of these were more effective than the controls tested. Present study suggests that 
the pteridophytes, P. nudum, N. biserrata and N. cordifolia could be good source of antimicrobials. These natural 
compounds might be more effective as the microbes may have lesser chance of developing resistant mutants.
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Psilotum nudum, pathogenic bacteria

*Address for correspondence 
E-mail: premdantu@gmail.com

Use of antibiotics is often associated with adverse 
effects such as hypersensitivity, depletion of 
beneficial gut and mucosal microorganisms, immune-
suppression and allergic reactions in the user. Besides, 

the indiscriminate use of antimicrobial drugs has 
created immense clinical problems in the treatment of 
infectious diseases[1], as the microorganisms develop 
resistance to often used antibiotics. This necessitates 
development of alternative antimicrobial drugs, for the 
treatment of infectious diseases, from the medicinal 
herbs which are a rich source of novel antibacterial 
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and antifungal chemotherapeutics[2]. Angiosperms are 
an immense source of therapeutics. However, lower 
plants are attracting more attention in recent times 
for the search of new and effective molecules. The 
medicinal value of the pteridophytes has been known 
for several years. Antimicrobial properties of ferns 
are remarkable as compared to the higher plants may 
be because of the presence of a large number of 
defensive biochemical compounds[3,4].

The present study has been undertaken to assess 
the antimicrobial properties and therapeutic value of 
three pteridophytes P. nudum, N. biserrata and N. 
cordifolia. This is the first report of the antibacterial 
and antifungal properties of the non-aqueous frond 
extracts of these three pteridophytes. P. nudum is an 
epiphyte that grows as a terrestrial plant in rocky 
crevices or in sandy soils and being a spore-producing 
vascular plant is considered to be a fern ally[4]. 
Ethnomedicinal uses of P. nudum are as general 
pain reliever especially dental pains and for easing 
bowls[5]. This pteridophyte is reported to contain 
an alkaloid psilotin, an insect feeding deterrent 
and growth reducer[6] and 3’-hydroxypsilotin, a 
glycoside[7]. N. biserrata and N. cordifolia belong 
to the family Davalliaceae and have been reported 
to be of immense ethnobotanical importance. N. 
biserrata is widely distributed and having escaped 
cultivation has become naturalized in many countries. 
Its ethnomedicinal importance in boils, abscesses 
and blisters is well known[5]. Incidentally, boils[8] and 
abscess[9] are due to bacterial infections and blisters 
are caused by fungal infection[10]. Thus, N. biserrata 
can be a potential fern to fight against pathogenic 
microbes. N. cordifolia is a pantropical species 
growing from tropical to temperate areas[11] and 
ethnomedically used in general disorders of renal and 
liver systems, skin diseases and as a contraceptive[5]. 
Aqueous extracts of N. cordifolia have been earlier 
reported to have antimicrobial activity[12].

The extracts were prepared from the fronds of P. 
nudum, N. biserrata and N. cordifolia growing in the 
fern house of National Botanical Research Institute, 
Lucknow. The fronds were dried in shade, powdered 
and extracted with 50% ethanol in a percolator. The 
extracts were concentrated in a rotavapour (Eyela, 
Japan) at 45°. The concentrate was lyophilized to a 
dry yellowish to brownish powder and weighed. The 
lyophilized powder was then fractionated three times 
separately in hexane, chloroform, ethanol and water 

in that order. Each of these fractions was used as a 
test extract[3,13-16].

Preliminary phytochemical screening of the extracts 
obtained from the three plants was performed for, 
flavonoids using Shinoda’s test[17], tannins through 
Ferric chloride test[18], alkaloids using Dragendroff’s 
test[19], reducing sugars with Fehling’s test[20], 
triterpenoids with Liebermann-Burchard’s test[21] and 
steroids as described by Hardman and Sofowora[22]. 
The antibacterial effect of the fern extracts was 
studied on nine bacterial strains, namely, Proteus 
mirabilis (MTCC-1429), Pseudomonas aeruginosa 
(MTCC-424), Salmonella typhimurium (MTCC-98), 
Bacillus subtilis (MTCC-121), Streptococcus faecalis 
(MTCC 1927), Staphylococcus aureus (MTCC-96), 
Klebsiella pneumoniae (MTCC-109), Bacillus cereus 
(MTCC-430), Shigella flexneri (MTCC 1456) and 
Escherichia coli (MTCC-443), chosen because of their 
pathogenecity. The pure cultures of these bacterial 
strains were obtained from the Institute of Microbial 
Technology (IMTECH), Chandigarh, India. Antifungal 
activity of the extracts was tested on three fungal 
species, namely, Microsporum gypseum (ATCC-24102), 
Trichophyton mentagrophytes (ATCC-9533) and 
Trichophyton rubrum (ATCC-28188) that are important 
dermatophytes. The fungal strains were procured from 
Himedia, India.

The bacteria were maintained and tested on Mueller 
Hinton Agar/Broth (MHA/MHB, Oxoid). The fungi 
were maintained and tested on Saubouraud Dextrose 
Agar/broth (SDA/SDB, Oxoid). Prior to pouring into 
petriplates all media were sterilized at 121° and 15 
lbs for 20 min.

Agar disc diffusion method[23] was used to evaluate 
the antimicrobial activity. A final inoculum of 100 µl 
suspension containing 108 CFU/ml of each bacterium 
and fungus was used. The bacterium was spread 
on Mueller Hinton Agar (MHA) medium and each 
fungus was spread on Saubouraud Dextrose Agar. 
The disc (6 mm diameter) was impregnated with 
10 µl of 50 mg/ml extracts and placed on the seeded 
agar. Gentamycin (30 µg/disc) and erythromycin 
(30 µg/disc) were used as positive controls for 
bacterial pathogens and ketoconazole (30 µg/disc) 
and amphoterecin-B (30 µg/disc) were used as 
positive controls for the fungal pathogens. The test 
plates were incubated at 37° for 24 h for bacterial 
pathogens and 27° for 72 h for fungal pathogens or 
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for a period required for a visible growth[24]. Each set 
of experiment was performed in triplicates[12].

The phytochemical tests indicated the presence of all 
the metabolites such as flavonoids, tannins, alkaloids, 
reducing sugars, triterpenoids and steroids in the three 
pteridophytes, P. nudum, N. biserrata and N. cordifolia. 
The yield on fractionation of the crude extract varied 
depending on the solvent used. The water fraction 
gave the maximum yield and it was as follows: P. 
nudum - 662 µg/ml, N. biserrata - 679 µg/ml and N. 
cordifolia - 788 µg/ml. In the chloroform fraction the 
yield was maximum for P. nudum (59 µg/ml) and quiet 
less for N. biserrata (9 µg/ml) and N. cordifolia (3 µg/
ml). The yield of hexane fraction was maximum for P. 
nudum (62 µg/ml) followed by N. biserrata (33 µg/ml) 
while N. cordifolia yielded only 6 µg/ml. The ethanol 
fraction yielded more or less the same amount for P. 
nudum (34 µg/ml) and N. cordifolia (37 µg/ml) and 
was only marginally less for N. biserrata (24 µg/ml).

The results of the effect of various extracts and 
controls are presented in Table 1 for the bacterial 
strains and in Table 2 for the fungal strains. Water 
extract of all the three species was the most effective 

in inhibiting growth of all the bacterial strains 
(Table 1). The water extracts of P. nudum was least 
effective in inhibiting the growth of P. aerugenosa 
and most effective against Salmonella typhimurium, 
that of N. biserrata was less inhibitory to the growth 
of Enterobacter aerogenes and most inhibitory against 
Escherichia coli and N. cordifolia extract was least 
inhibitory on the growth of Proteus mirabilis and 
Streptococcus feacalis and most effective against 
Salmonella typhimurium and Bacillus cereus. None of 
the water extracts were as effective as the gentamycin 
or erythromycin controls in inhibiting the growth of 
the bacteria (Table 1).

The hexane extracts of the three plants did not 
have antimicrobial activity against any of the nine 
bacterial strains tested. The chloroform extract of 
the two species of Nephrolepis and ethanol extract 
of N. biserrata also did not display any antibacterial 
activity. The ethanol extract of N. cordifolia was 
only marginally effective against Proteus mirabilis, 
Enterobacter aerogenes, E. coli and Klebsiella 
pneumonia. The ethanol extract of P. nudum was 
marginally effective in inhibiting the growth of all 

TABLE 2: ANTIFUNGAL SCREENING OF P. NUDUM, N. BISERRATA AND N. CORDIFOLIA
Fungal strain Inhibition zone (mm)

Antibiotic Psilotum nudum Nephrolepis biserrata Nephrolepis 
cordilfolia

K A H C E W H C E W H C E W
Microsporum gypseum 23.06±0.20 18.96±0.15 - 15.10±0.20 14.10±0.07 12.06±0.11 - - - 10.10±0.10 - - - 9.90±0.10
Trichophyton 
mentagrophytes

22.07±0.25 17.06±0.25 - 13.10±0.10 24.03±0.23 14.06±0.25 - - - 11.96±0.30 - - - 10.16±0.15

Trichophyton rubrum 22.10±0.10 18.03±0.20 - 12.06±0.32 22.05±0.05 10.93±0.11 - 16.16±0.05 - 10.10±0.17 - - - 11.06±0.05
Values given are means of 3 replicates±SD. K= Ketoconazole, A= Amphoterecin-B, H= Hexane, C = Chloroform, E= Ethanol, W= Water

TABLE 1: ANTIBACTERIAL SCREENING OF P. NUDUM, N. BISERRATA AND N. CORDIFOLIA
Bacterial strain Inhibition zone (mm)

Antibiotic Psilotum nudum Nephrolepis biserrata Nephrolepis cordilfolia
G Er H C E W H C E W H C E W

Proteus mirabilis 23.06±0.20 15.03±0.11 - 09.96±0.05 11.13±0.15 18.03±0.05 - - - 19.13±0.05 - - 10.13±0.05 17.00±0.10
Enterobacter 
aerogenes

31.23±0.32 17.10±0.20 - 10.03±0.20 10.90±0.10 18.10±0.17 - - - 17.06±0.11 - - 09.93±0.05 19.06±0.05

Pseudomonas 
aerugenosa

30.06±0.30 14.03±0.05 - 11.03±0.05 11.03±0.05 12.10±0.00 - - - 20.10±0.17 - - - 19.03±0.28

Salmonella 
typhimurium

25.13±0.21 15.03±0.15 - 10.16±0.05 13.13±0.11 21.10±0.10 - - - 22.00±0.10 - - - 20.10±0.10

Escherichia coli 33.10±0.20 12.20±0.10 - 11.00±0.00 13.10±0.10 19.00±0.26 - - - 25.10±0.10 - - 10.16±0.15 19.03±0.05
Klebsiella 
pneumonia

26.93±0.32 13.96±0.11 - 13.06±0.20 16.06±0.05 18.03±0.05 - - - 21.03±0.05 - - 10.03±0.05 18.10±0.20

Bacillus subtilis 19.16±0.15 12.96±0.11 - 10.90±0.10 12.03±0.05 19.03±0.05 - - - 20.03±0.05 - - - 18.03±0.05
Bacillus cereus 25.90±0.15 19.00±0.00 - - - 14.10±0.10 - - - 18.06±0.05 - - - 20.10±0.00
Streptococcus 
feacalis

31.00±0.43 12.03±0.15 - - 12.10±0.20 13.06±0.05 - - - 17.93±0.15 - - - 17.10±0.10

Values given are means of 3 replicates±SD. G= Gentamycin, Er= Erythromycin, H= Hexane, C= Chloroform, E= Ethanol, W= Water
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the bacterial strains except B. cereus which was not 
inhibited at all, while the chloroform extract was not 
effective against Bacillus cereus and Streptococcus 
feacalis.

The water extracts of all the three pteridophytes 
exhibited some degree of inhibition against the 
fungi tested. None of the hexane extracts of any of 
the plants had inhibitory effect. Ethanol extract of 
the two species of Nephrolepis did not have any 
inhibitory effect on the fungi tested, while chloroform 
extract of only N. biserrata exhibited inhibitory effect 
against only one fungal strain, Trichophyton rubrum. 
P. nudum was the only pteridophyte amongst the 
three studied whose chloroform, ethanol and water 
extracts exhibited antifungal properties against all 
the fungi tested. Of these the ethanol extract was the 
most effective and its inhibition of the two species 
of Trichophyton was marked. The chloroform extract 
though less effective than the ethanol extract was 
marginally better than the water extract. However, the 
water extract of P. nudum was marginally better than 
that of the two species of Nephrolepis. None of the 
extracts could equal the inhibition by ketoconazole or 
amphoterecin-B controls (Table 2).

The three pteridophytes, P. nudum, N. biserrata and 
N. cordifolia possess both antibacterial and antifungal 
properties. Most of the extracts in the present study 
were effective against both gram positive and gram 
negative bacteria unlike Lantana extract which was 
more effective against gram positive bacteria[25]. 
The water extract of the three pteridophytes had 
the most inhibitory effect against the bacterial and 
fungal strains tested. The findings of the present 
study validate the earlier investigation that aqueous 
extract of pteridophytes is more effective in inhibiting 
microbial growth[12]. The two species of Nephrolepis 
did not show any appreciable antifungal properties. 
All the three extracts of P. nudum were effective 
against the fungal pathogens tested. In an earlier 
exhaustive study covering 114 species of pteridophytes 
73 displayed antimicrobial properties, but Psilotum 
nudum and Nephrolepis biserrata were not part of it 
and only the water extract of N. cordifolia was shown 
to exhibit antimicrobial property[12]. Adiantum species 
has been reported to contain significant antimicrobial 
properties[15]. The present study confirms the earlier 
findings that pteridophytes and other lower plants 
should be further screened for generating biologically 
active compounds. P. nudum, a primitive pteridophyte, 

possesses better antibacterial and antifungal properties 
than the ferns, N. biserrata and N. cordifolia. The 
above findings advocate further investigations of 
the extracts from various parts of P. nudum and the 
two species of Nephrolepis to identify the active 
constituents.
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In Vitro Evaluation of Domperidone Mouth Dissolving 
Tablets
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Patra, et al.: Domperidone Mouth Dissolving Tablets

In the present research work mouth dissolving tablets of domperidone were developed with superdisintegrants 
like crospovidone, croscarmellose sodium and sodium starch glycollate in various concentrations like 3%, 4% and 
6% w/w by direct compression method. All formulations were evaluated for physical characteristics of compressed 
tablets such as weight variation, hardness, friability, content uniformity, in vitro disintegration time, wetting time 
and in vitro dissolution study. Among all, the formulation F3 (containing 6% w/w concentration of crospovidone) 
was considered to be the best formulation, having disintegration time of 9 s, wetting time of 15 s and in vitro drug 
release of 99.22% in 15 min.

Key words: Crospovidone, domperidone, mouth dissolving tablets, superdisintegrants, croscarmellose sodium, 
sodium starch glycollate
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Dysphagia is a common problem encountered in all 
age groups in concern to solid dosage forms, which 
results in high incidence of non-compliance and 
ineffective therapy[1]. Recent advances in novel drug 
delivery systems (NDDS) aim to enhance safety and 
efficacy of drug molecule by formulating a convenient 
dosage form for administration and to achieve better 
patient compliance. To overcome this problem, 
scientists have developed innovative drug delivery 
systems known as melt-in-mouth or mouth dissolve 
(MD) tablets[2]. Advantages of this drug delivery 
system include administration without water, accuracy 
of dosage, easy portability, alternative to liquid dosage 
forms, ideal for pediatric and geriatric patients and 
rapid onset of action[3-5]. The basic approach used 
in the development of the fast-dissolving tablet is 

the use of superdisintegrants like crospovidone, 
croscarmellose sodium (Ac-Di-Sol), and sodium 
starch glycollate (Primogel). In the present study 
these superdisintegrants were evaluated at different 
concentrations to develop MD tablets and selected 
the best formulation. Another approach that can be 
used in developing MD tablets is maximizing pore 
structure of the tablets. Freeze-drying[6,7] and vacuum-
drying[8-10] techniques have been tried by researchers 
to maximize the pore structure of tablet matrix.

Domperidone is widely used antiemetic drug acting 
by an inhibition of the dopaminergic receptors. 
Domperidone does not cross blood brain barrier. 
Domperidone is also effective in gastroparesis, 
paediatric gastroesophageal reflux (infant vomiting). 
Domperidone after oral dosing undergoes extensive 
gastric and hepatic first pass metabolism resulting in 
low bioavailabality (15%) which therefore, may not 
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