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Microorganisms play an important role in the development of periodontal diseases in human that lead 
to serious complications. Since ages, medicinal plants, singly or in combinations are used for the 
treatment of various dental disorders. However, their scientific validation and characterization is 
scarce. Therefore, the goal of this study was to develop knowledge based poly-herbal formulation as a 
remedy for oral hygiene. After validations of antimicrobial potential, extracts of 11 plants were 
combined in different ratios, and finally one poly-herbal formulation was selected for further 
characterization. Antimicrobial activity was determined through disc and well diffusion assays. Further 
level of tumour necrosis factor (TNF-α) for assessing anti-inflammatory activity and 3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay for safety assessment was 
determined. High performance thin layer chromatography (HPTLC) fingerprint profile was developed 
using thin layer chromatography (TLC) scanner and densitometer. The poly-herbal formulation, PHF 12-
05 showed antimicrobial activity against both pathogenic bacteria and fungi with zone of inhibition 
ranging from 7 to 13 mm. PHF 12-05  was found to possess anti-inflammatory activity by significantly 
(P<0.05) reducing the level of tumour necrosis factor (TNF-α). HPTLC characterized PHF 12-05 was 
found to be quite stable and safe. The observations clearly indicate that PHF 12-05 holds promise in 
improving oral hygiene and hence help in preventing oral problems.  
 
Key words:  Poly-herbal formulation, medicinal plants, antimicrobial, anti-inflammatory, oral hygiene, High 
performance thin layer chromatography (HPTLC) fingerprinting. 

 
 
INTRODUCTION 
 
Oral infections are one of the most common diseases 
worldwide leading to dental caries and periodontal 
disease (Petersen et al., 2005). Dental caries is a 
dynamic process causing progressive destruction of hard 
tooth substance involving demineralisation of the 
inorganic part and dissolution of the organic portion 
(Winston and Bhaskar, 1998). Periodontitis, a destructive 
gum disease, may progress irreversibly in breaking down 
supporting periodontal structures which results  in  loss of 
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tooth and about 20% population of the world is affected 
by these diseases (Petersen, 2005, 2008). The tooth 
decay which occurs due to oral infections highly affects 
the adults and aged people and is sometimes responsible 
for early death (Marsh and Martin, 1992; Petersen, 2005). 
These diseases are mainly caused by plaque forming 
bacteria and yeast that reside in the oral cavity which 
metabolize sucrose to organic acids dissolving calcium 
phosphate in teeth, causing decalcification and eventually 
the decay (Loesche,  2007). Dental treatment is usually a 
high expense remedy and it mainly utilizes some 
antiseptics as well as antibacterial agents like triclosan, 
chlorhexidine, and amine based  fluorides.  But the  major 
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drawback of these products is that they possess 
significant toxicity and are also responsible for the 
staining of teeth and burning sensation on tongue 
(Grundermann et al., 2000; Chung et al., 2006). Further, 
these products are beyond the reach of common people 
in developing countries (Akpata and Akinrimisi, 1977; 
Homer et al., 1990). Most of the plant species are 
traditionally used for thousands of years to cure or 
prevent oral diseases in various parts of world (Tichy and 
Novak, 1998). For example, use of chewing sticks 
(miswak) is very common in India and Africa, because of 
its proven antibacterial activity against microorganisms 
infecting oral cavity (Lewis, 1980). Plants like 
Achyranthes aspera, Azadirachta indica and Curcuma 
longa have been used long ago to cure pyorrhoea, tooth 
ache, and gum infections. Syzygium aromaticum is used 
for years to relieve tooth ache (Ambasta, 2000). 
Therefore, rationale of this study was to scientifically 
validate the claims of traditionally used medicinal plants, 
and based on them, develop a poly herbal formulation 
which can be used for the cure or prevention of 
oral/dental problems. 
 
 
MATERIALS AND METHODS 

 
Preparation of plant extracts 

 
Plant materials, A. aspera-Bark (Voucher Specimen No. 13651), S. 
aromaticum-Fruit (Voucher Specimen No. 13656), Piper nigrum-
Fruit (Voucher Specimen No. 2332), Mimusops elengi-Stem 
(Voucher Specimen No. 13652), A. indica-Bark (Voucher Specimen 
No. 13653), C. longa-Rhizome (Voucher Specimen No. 13654), 
Zingiber officinale-Rhizome (Voucher Specimen No. 13657), 
Salvadora persica-Stem (Voucher Specimen No. 13658), Acacia 
nilotica-Barks (Voucher Specimen No. 13655), Zanthoxylum 
armatum-Seed (Voucher Specimen No. 5071)  and Sapindus 
mucorosai-Seed (Voucher Specimen No. 1223)  were obtained in 
the month of September 2011 from National Gene Bank of 
Medicinal and Aromatic plants of CSIR-CIMAP, Lucknow, India. 
The plant material was identified by Dr. S. C. Singh (Botanist, 
Pharmacognosy Department) and Dr. A. K. Gupta (Scientist, 
Genetic Resource Management). Plant materials were shade dried, 
pulverized and 500 g of the powdered material was soaked in 1000 
ml of methanol, water, and water: alcohol (80:20), respectively for 
overnight and were refluxed using Soxhlet apparatus. The extracts 
were concentrated under reduced pressure using rotary evaporator 
(Bucchi) and were stored at 4°C for further use. The extracts were 
solubilised in dimethyl sulfoxide (DMSO, Sigma, USA) for in-vitro 
assays.  

 
 
Preparation of poly-herbal formulation  
 
Since hydro-alcoholic extracts of A. aspera, S. aromaticum, P. 
nigrum, M. elengi, A. indica, C. longa, Z. officinale, S. persica, A. 
nilotica, Z. armatum and S. mucorosai exhibited better antimicrobial 
activity, they were used for the development of the formulation. The 
bioactive hydro-alcoholic extracts were suspended all together in 
distilled water as per the ratio given in Table 1. The solution was 
heated at 60°C for 5 min, cooled to room temperature, and sodium 
chloride (common salt) was added, stirred thoroughly, and volume 
was made up with distilled water and filtered.  The  formulation  was 

 
 
 
 
stored in sterile glass bottle (Schott Duran, Australia) for further 
studies at 4°C. 
 
 
Antimicrobial activity evaluation 
 
Pathogenic microbial strains 
 
The bacterial and fungal strains used in this study were 
Streptococcus mutans (MTCC-890), Staphylococcus aureus 
(MTCC-96), Staphylococcus aureus (MTCC-2940), Bacillus subtilis 
(MTCC-121), Escherichia coli (MTCC-739), Pseudomonas 
aeruginosa (MTCC-2453), Micrococcus luteus (MTCC-2470), and 
Candida albicans (MTCC-3017). Mueller Hinton Agar/Broth 
(MHA/MHB) and Sabouraud Dextrose Agar/broth (SDA/SDB) were 
used to grow the bacterial and fungal strains, respectively.   
 
 
Disc/Well diffusion assay 
 
The microbial growth inhibitory potential of the selected plant 
extracts was determined by using the agar disc diffusion method 
(Clinical and Laboratory Standards Institute (CLSI), 2006a). 
Inoculums, for all test microorganisms were prepared by mixing a 
few microbial colonies with sterile normal saline solution and 
comparing the turbidity with that of the standard 0.5 McFarland 
solution which is equivalent to 10

6
 to 10

8 
CFU/ml. Out of this, 100 µl 

were inoculated on agar medium (MHA for bacteria and SDA for 
fungi). Plant extracts were dissolved in DMSO (Merck, India) to a 
final concentration of 100 mg/ml and 5 µl from this stock was 
transferred onto sterile filter paper disc (Whattman-1, 5 mm 
diameter). Disc prepared with only DMSO served as negative 
control and standard clinically used antibiotics served as positive 
control.  

The plates were then incubated at 37°C for 24 h for bacteria and 
28°C for 24 h for fungal strains. For evaluating antimicrobial 
property of formulation, 50 µl of the formulation was added into 
each well prepared in agar plate with a sterile 10 mm cork-borer at 
equidistance. All tests were performed in triplicate and zones of 
inhibition were measured from the edge of each disc/well after the 
incubation period.  
 
 
Minimum inhibitory concentration (MIC) 
 
The antimicrobial activity of the plant extracts was determined by 
micro dilution broth assay using 96 ‘U’ bottom micro-titre plates 
(Greiner, Germany) as per CLSI guidelines (CLSI, 2006b). Extracts 
were serially diluted by two folds (starting from 2000 to 3.9 µg/ml) in 
MHB for bacteria and in SDB for fungi. The broth was inoculated 
with 10.0 µl of diluted 24 h grown culture of test organism with a 
titre equivalent to 0.5 McFarland standards. The inoculated plates 
were then incubated at 37°C and 28°C, respectively for bacteria 
and fungi.  

The growth was recorded spectrophotometrically at 600 nm using 
spectramax 190-microplate reader (Molecular Devices, Sunnyvale, 
CA, USA). The MIC value was determined from the turbidometric 
data as the lowest concentration of the extracts showing growth 
inhibition equal to or greater than 80% as compared to the control. 
All experiments were performed in triplicate to rule out any error 
during the procedure. 
 
 
Anti-inflammatory activity evaluation 
 
Isolation of peritoneal macrophages 
 
Peritoneal macrophages were isolated using  the  method  reported 
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Table 1. Composition of poly herbal formulation PHF12-05 and traditional importance of plant species. 
 

S/N 
Plant 

(Hydro alcoholic extract) 

Plant part 

used 

Voucher 
specimen No. 

Quantity   (g, w/v) 

for 100 ml 
Traditional use of plants  Reference 

1 Achyranthes aspera Bark 13651 1.16 Treatment of gum disorders Govindarajan et al. (2011) 

2 Syzygium aromaticum Fruit 13656 1.2 Antimicrobial agent against SM  Dalirsani et al. (2011) 

3 Piper nigrum Fruit 2332 0.12 Treatment of throat infection  Govindarajan et al. (2011) 

4 Mimusops elengi Stem 13652 0.18 Treatment of spongy gums, pyorrhea  Deshpande  et al. (2010) 

5 Azadirachta indica Bark 13653 0.28 Treatment of tooth ache Govindarajan et al. (2011) 

6 Curcuma longa Rhizome 13654 1.00 Treatment of  carious cavity  Jose et al. (2011) 

7 Zingiber officinale Rhizome 13657 1.40 Treatment of tooth decay and tooth ache Govindarajan et al. (2011) 

8 Salvadora persica Stem 13658 1.2 Chewing stick for complete oral care Goyal  et al. (2011) 

9 Acacia nilotica Bark 13655 1.2 Branches used for oral care  Govindarajan et al. (2011) 

10 Zanthozylum armatum Seed 5071 0.19 Used in dental troubles Singh and Singh, (2011) 

11 Sapindus mucorosai Seed 1223 2.70 Anti inflammatory and antifungal agent Suhagia et al. (2011) 

12 Salt - - 1.5 - - 

13 Distilled Water - - q.s. - - 
 
 
 
by Bawankule et al. (2008). All procedures were conducted 
under aseptic conditions. Mice were euthanized by cervical 
dislocation under ether anesthesia and peritoneal exudates 
cells (PEC) were obtained by intra-peritoneal injection of 
phosphate buffer saline, pH 7.4 (Sigma Chemicals Co. 
USA). Macrophages in the PEC suspension were isolated 
by the cell adhesion method. The PEC were suspended in 
RPMI 1640 medium (Sigma Chemicals Co. USA) 
containing 10% fetal calf serum (Gibco, USA) and 
incubated for 4 h at 37°C with 5% CO2 in an incubator 
using 96 well plates (Nunc, Germany). After removing non 
adherent cells along with medium, the adherent cells were 
resuspended in RPMI 1640 medium. The cells were used 
for experiments as resident peritoneal macrophages at a 
concentration of 2 × 10

10
 viable cells/ml.  

 
 
Expression of TNF-α from lipo-polysaccharide (LPS) 
stimulated peritoneal macrophages 
 

Peritoneal macrophages were cultured at 37°C with 5% 
CO2 in humidified air for 48 h with LPS (E. coli 050: B5; 
Sigma Chemical Co., USA) at the concentration of 1 µg/ml. 
TNF-α activity in culture supernatants was estimated by 
Enzyme Immune Assay (EIA) using commercial kit for 

mouse TNF-α (Pierce Endogen, Rockford, USA) in culture 
supernatant and measured using Griess reagent (Sigma 
Chemical Co. USA) (Bawankule et al., 2008). The samples 
were frozen and stored at -80°C for further use. 
 
 

Safety assessment  
 
Safety evaluation of PHF was determined by using the 
aforementioned isolated peritoneal macrophages and 
culture method. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) stock solution at 0.1 mg/ml was 
added to each well having peritoneal microphages and 
incubated at 37°C for 2 h. Dark blue formazan crystals 
formed were solubilised by adding 100 µl DMSO to each 
well and the absorbance was measured at 540 nm (Eun et 
al., 2004; Inaba et al., 1996). 
 
 
Standardization parameters 
 
Various standardization parameters were studied including 
organoleptic properties, pH, heavy metal content, stability, 
microbial load and viscosity as per the methods described 
earlier by Pandey et al. (2012). Different organoleptic 

characters such as colour, odour, taste, etc., of the 
samples were evaluated following the methods described 
by Siddiqui and Hakim (1995). The viscosity of the 
developed formulation was determined using Brookfield 
Viscometer (Model no.DV–11+Pro) at various RPM’s at 
room temperature. The sample volume used for the study 
was 7.2 ml. The spindle no. 18 with small sample adopter 
was used for the determination of viscosity. Microbial 
analysis was carried out for determination of microbial 
contamination as per procedures reported earlier (Ministry 
of Health and Family Welfare, 2010; WHO Guideline, 
2007). This test included total bacterial, total yeast and 
mould count. 
 
 
Heavy metal analysis  
 

Preparation of samples by acid digestion method 
 
Dried and processed sample (0.5 to 1.0 g) was taken in 
150 ml conical flask. Acid mixture of HNO3:HClO4 (4:1) 
(v/v) ml was added in the flask and heated continuously till 
the solution is colourless and reduced the contents of acid 
mixture of HNO3:HClO4 (4:1) (v/v) to about 2 to 3 ml by 
continuous heating. After  cooling to  room temperature, 30  
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ml of distilled water was added and filtered through Whatman No. 1 
filter paper into a 100 ml volumetric flask and the volume was 
made-up to 100 ml with distilled water and finally the sample was 
processed through Induced Coupled Plasma (Unichem Model 969) 
following the conditions described earlier (Lohar, 2007) for the 
presence of heavy metals like lead (Pb), cadmium (Cd), nickel (Ni), 
chromium (Cr) and cobalt (Co). The presence of micronutrients 
such as calcium (Ca), cupper (Cu), iron (Fe), magnesium (Mg), 
manganese (Mn), and zinc (Zn) were also determined. 

 
 
Stability studies 

 
The PHF was stored in a glass reagent bottles at different 
temperatures of 0, 37, 42°C and at room temperature (20°C 
minimum and 35°C maximum) for three months, and finally, the 
samples were checked for their antimicrobial activity, clarity of 
solution, pH and microbial contamination and organoleptic 
properties. 

 
 
High performance thin layer chromatography (HPTLC) 
fingerprinting 
 
After optimization using Vario System of mobile phase, a well 
resolved separation was achieved by using the mobile solvent 
chloroform:methanol (85:15, v/v) and 60F TLC plate (Merck Cat # 
1.05729.001). Spots were applied using micropipette in the ratio 
2:5:10 µl. The plates were run in ascending mode for a distance of 
9.0 cm in a vertical twin trough chamber that was previously 
saturated for 2.0 min with the mobile solvent. After TLC run, the air 
dried plates were immersed in freshly prepared vanillin-sulphuric 
acid derivatizing reagent (vanillin:ethanol:H2SO4, 1 g:95 ml:5 ml) 
followed by heating at 110°C for 15 min. The densitometry scanning 
(CAMAG, Muttnez, Switzerland) was performed in the reflectance/ 
absorbance mode, slit width 6.00  to 0.40 mm, scanning speed 20 
mm/sec and data resolution 10 mm/step, detection wave length 610 
nm. By following the method described earlier (Verma et al., 2009). 
 
 
RESULTS 
 
The hydro-alcoholic extract of all the selected plant 
species was observed to exhibit antimicrobial activity 
against one or the other pathogen used for testing. The 
hydro-alcoholic extract of plant species C. longa, A. 
nilotica, and S. aromaticum was active against the 
majority of the tested microorganisms, followed by A. 
indica, P. nigrum and others. The minimum inhibitory 
concentration of hydro-alcoholic extract was found to be 
in the range of 62.5 to 1000 µg/ml (Table 2). Several 
formulations containing bioactive hydro-alcoholic extracts 
of 11 plant species in various ratios were prepared. 
Finally, a poly-herbal formulation (PHF12-05) showing 
best antimicrobial activity and optimal representation of 
all the plants was selected for further studies. PHF12-05 
exhibited strong antimicrobial activity against all 
pathogenic strains with zone of microbial growth inhibition 
ranging from 7 to 13 mm (Table 3) against S. mutans 
(MTCC-890), S. aureus (MTCC-96), B. subtillus (MTCC-
121), M. luteus (MTCC-2470), S. aureus (MTCC-2940), 
P. aeroginosa  (MTCC-2453)  and  C.  Albicans   (MTCC- 

 
 
 
 
3017). Although, activity of PHF12-05 did not match with 
the standard antibiotics; however, it was comparable with 
respect to zone of growth inhibition. Similarly, PHF 12-05  
exhibited anti-inflammatory activity in terms of expression 
of TNF-α that was increased in LPS stimulated peritoneal 
macrophages and was observed to be decreased 
significantly (P<0.05)  after treatment with PHF12-05 in 
dose dependent manner (Figure 1). Further, PHF12-05 
was found to be safe against peritoneal microphages up 
to 100 µg/ml concentration. The HPTLC fingerprint of the 
PHF12-05 at three different concentrations: 2, 5 and 10 µl 
loaded on TLC plates showed same pattern of resolution. 
However, the numbers of peaks obtained were more in 
higher concentration (10 µl) as compared to lower 
concentrations. At 620 nm, 2, 5 and 10 µl track showed 
seven, eight and nine peaks, respectively with Rf values 
ranging from 0.01 to 0.95 and peak area ranging from 
10261.0 to 27505.8 (Figure 2). Separation of peaks was 
observed to be better at 254 nm.  

The formulation (PHF 12-05) was dark brown in colour, 
with a pungent odour and bitter taste. It was quite stable, 
since no significant changes were observed in pH, anti-
microbial activity, consistency/clarity and microbial load 
when stored at temperatures/humidity of 4°C/28, 
28°C/40, 37°C/25 and 42°C/30 (Table 5). Heavy metals 
contamination was observed to be much below the 
maximum permissible limits in such preparations (Table 
4).  
 
 
DISCUSSION  
 
Microorganisms such as bacteria and yeast that reside in 
oral cavity are responsible for oral infections leading to 
plaque formation, tooth decay and periodontal disease 
(Marsh and Martin, 1992; Moynihan and Petersen, 2004; 
Petersen, 2005; Loesche, 2007; Khan, 2009; Deshpande 
et al., 2010; Gur et al., 2006). In underdeveloped and 
developing countries, majority of the populations rely on 
the traditional means of preventions and cure. Large 
numbers of plant species are known for thousands of 
years to prevent or cure oral diseases (Tichy and Novak, 
1998).  The observations of this study are in accordance 
with traditional use of the selected plant species taken up 
in this study for the oral hygiene (Table 1). For example, 
use of chewing sticks (miswak) is very common in India 
and Africa, because of its proven antibacterial activity 
against microorganisms infecting oral cavity (Lewis, 
1980). The medicinal plants used in the formulation of 
PHF 12-05 were active against the tested microorganism 
with MIC ranging from 62.5 to 1000 µg/ml, which 
correlates well with the earlier reports of antimicrobial 
activity of these plants. For example, S. aromaticum is 
reported to be active against bacterial strains (Pandey 
and Singh, 2011) and C. albicans (Nzeako et al., 2006) 
are known to cause oral infections. P. nigrum (Black 
pepper) inhibited both Gram positive  and  Gram negative  
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Table 2. Minimum inhibitory concentrations of plant extracts against human pathogenic microorganisms through broth dilution 
assay.  
 

S/N 

Plant extract 

(hydro-alcoholic)       
(80:20) 

Minimum inhibitory concentration (µg/ml) 

Microbial strains 

SA 96 BS ML PA EC SA 2940 SM CA 

1 Achyranthes aspera 1000 - - - - - - - 

2 Syzygium aromaticum 1000 250 500 - - - 62.5 - 

3 Piper nigrum - - - 125 - - - 500 

4 Mimusops elengi - - - - - - -  

5 Azadirachta indica - - - 500 - 1000 500 500 

6 Curcuma longa 62.5 62.5 62.5 - - 125 500 - 

7 Zingiber officinale - 250 - - - - - - 

8 Salvadora persica 1000 - - - - - - - 

9 Acacia nilotica - 1000 250 125 - 62.5 250 250 

10 Zanithozylum armatum -  - - - -  - 

11 Sapindus mucorosai - 500 - - - - - - 

          

 Antibiotics         

1 Ampicillin 0.315 0.625 0.039 2.5 0.039 0.078 0.625 - 

2 Tetracycline 0.39 25 0.39 25 0.78 12.5 25 - 

3 Streptomycin 0.19 0.75 6.25 12.5 3.15 25 0.75 - 

4 Sulconazole - - - - - - - 25 
 

SA 96: Staphyloccocus aureus 96; BS: Bacillus subtilis; ML: Micrococcus luteus; PA: Pseudomonas aeruginosa; EC: Escherichia coli; SA 
2940:  Staphyloccocus aureus 2940; SM: Streptococcus mutans; CA: Candida albicans. 

 
 
 

Table 3. Antimicrobial activity of poly herbal formulation PHF 12-05 through well diffusion assay. 
 

S/N Sample 

Zone of inhibition (mm) 

Microbial strains 

SA 96 BS ML PA EC SA 2940 SM CA 

1. PHF 12-05  1 8 10 11 10 7 13 12 12 

2 Market Formulation - - - - - - - - 
 

SA 96: Staphyloccocus aureus 96; BS: Bacillus subtilis; ML: Micrococcus luteus; PA: Pseudomonas aeruginosa; 
EC: Escherichia coli; SA 2940: Staphyloccocus aureus 2940; SM: Streptococcus mutans; CA: Candida albicans. 

 
 
 

Table 4. Micronutrients and heavy metals content in poly herbal formulation 
PHF-12-05. 
 

S/N 
Micronutrient/ 

Heavy metal 

Quantity  

(ppm) 

Permissible limit as 
per WHO (ppm) 

1 Calcium (Ca) 2.566 100 

2 Copper (Cu) 0.233 150 

3 Iron (Fe) 55.261 300 

4 Magnesium (Mg) 69.793 150 

5 Manganese (Mn) 11.999 125 

6 Zinc (Zn) 4.566 90 

7 Cobalt (Co) 0.399 5.0 

8 Chromium (Cr) 1.70 2.0 

9 Lead (Pb) 6.133 10.0 

10 Nickel (Ni) 2.066 4.0 

11 Cadmium(Cd) 0.233 0.30 
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Table 5. Parameters showing stability of poly-herbal formulation PHF12-05 after storage for two months. 
 

S/N Temperature Humidity 
Formation of 
precipitate 

Clarity of  

solution 
pH 

Microbial 
contamination 

Zone of Inhibition (mm) 

Microbial strains 

SA 96 BS ML PA EC SA 2940 SM CA 

1 29°C (RT) 40 No Clear 2.35 No 8 9 11 9 8 13 12 12 

2 37°C 25 No Clear 2.35 No 8 9 10 8 8 13 11 12 

3 42°C 30 No Clear 2.36 No 7 9 11 8 8 13 11 13 

4 4°C 28 No Clear 2.36 No 7 9 11 8 8 13 11 12 
 

SA 96: Staphyloccocus aureus 96; BS: Bacillus subtilis; ML: Micrococcus luteus; PA: Pseudomonas aeruginosa; EC: Escherichia coli; SA 2940: Staphyloccocus aureus 2940; SM: 
Streptococcus mutans; CA: Candida albicans. 
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Figure 1. Anti inflammatory activity of poly-herbal formulation PHF 12-05. 



Gupta et al.          3227 
 
 
 

 

 
 
 
 

bacteria (Karsha and Lakshmi, 2010). A. indica (Neem) is 
known as a source of many therapeutic agents including 
plaque inhibitory activity (Wolinsky et al., 1996). C. longa 
L. (Turmeric), a spice is known to inhibit the growth of 

varieties of bacteria and fungi (Apisariyakul et al., 1995; 
Negi et al., 1999; Singh et al., 2002; Chauhan et al., 
2003). A. nilotica (Babool or kikar) are known to possess 
antimicrobial   activity   against  both  Gram  positive  and  



3228          Afr. J. Pharm. Pharmacol. 
 
 
 

 
 
Figure 2. HPTLC densitograms of Poly herbal formulation PHF 12-05 at different wavelength� A) 254 nm, (B) 366 nm, and 
(C) 620 nm. 

 
 
 

Gram negative bacteria (Naqvi et al., 2011).  
When the extracts of the selected plants were com-

bined together in form (formulation PHF 12-05), it was 
observed that the antimicrobial effect was enhanced 
significantly. In traditional systems, it is also well known 
that the medicinal plants exhibit better activity in 
combinations than when used individually (Khan, 2009; 
Pandey et al., 2012).  

Plants probably have least side effects as they are 
widely used as dietary intake as well as in form of various 
traditional remedies including various combinations and 
formulas since ancient time. Microbial infections are also 
known to evoke inflammatory reactions leading to severe 
pain and wound that is difficult to manage (Bawankule et 
al., 2008). The formulation (PHF 12-05) was found to be 
anti-inflammatory and safe. HPTLC fingerprint of the 
extracts and herbal formulations are considered to be 
quality control parameters (Panda et al., 2012). The 
HPTLC fingerprint of PHF 12-05 was found to be quite 
distinct at three different wavelengths and can be used as 
quality control purpose. Heavy metal contamination, 
microbial load and stability of the extracts and herbal 
formulations are important for their commercial utilization 
(Meena et al., 2012). PHF 12-05 was found to be 
containing heavy metal and microbial contaminations less 

than the permissible limits and was stable at various 
temperatures and humidity conditions.  
 
 
Conclusion  
 
The observations of this study clearly suggest the 
suitability of PHF 12-05 as herbal remedy for maintaining 
oral hygiene, since it possesses potent antimicrobial 
activity against bacterial and yeast strains which are 
major cause of dental infections. Besides, this formulation 
also possesses anti-inflammatory activity, especially 
those caused by the microorganisms. The quality control 
parameters, stability and less heavy metal and microbial 
contamination make this formulation suitable for human 
use. Further studies may be required for the isolation and 
chemical characterization of the active ingredients in 
plant extract for the development of a novel agent(s) 
against dental caries. 
 
 
ACKNOWLEDGEMENTS 
 
The authors are thankful to the Director of CSIR-CIMAP 
for providing the facilities. The authors are also grateful to 



 
 
 
 
Dr. S. C. Singh and Dr. A. K. Gupta, National Gene Bank 
of Medicinal and Aromatic plants, CSIR-CIMAP, Lucknow 
for providing the plant materials. 
 
 
REFERENCES 

 
Akpata ES, Akinrimisi EO (1977). Antimicrobial activity of extracts from 

some African chewing sticks. Oral Surg. Oral Med. Oral Pathol. 
44(5):717-722. 

Ambasta SP (2000). The useful plants of India. New Delhi, National 
Institute of Science Communication, CSIR. (ed.) Reprint. 

Apisariyakul A, Vanittanakom N, Buddhasukh D (1995). Antifungal 
activity of turmeric oil extracted from Curcuma longa (Zingiberaceae). 
J. Ethnopharmacol. 49:163-169. 

Bawankule DU, Chattopadhyay SK, Pal A, Saxena K, Yadav S, Faridi 
U, et al (2008). Modulation of inflammatory mediators by 
coumarinolignoids from Cleome viscosa in female swiss albino mice. 
Inflammopharmacol. 16(6):272-277. 

Chauhan UK, Soni P, Shrivastava R, Mathur KC, Khadikar PV (2003). 
Antimicrobial activity of the rhizome of Curcuma longa Linn. Oxidation 
Commun. 26:266-270. 

Chung J Y, Choo J H, Lee M H, Hwang J K (2006). Anticariogenic 
activity of macelignan isolated from Myristica fragrans (nutmeg) 
against Streptococcus mutans. Phytomedicine 13:261-266. 

Clinical and Laboratory Standards Institute (2006a). Disk diffusion 
supplemental tables: M100-S16 (M2) Clinical and Laboratory 
Standards Institute, Wayne, Pa. 

Clinical and Laboratory Standards Institute (2006b). MIC testing 
supplemental tables: M100-S16 (M7). Clinical and Laboratory 
Standards Institute, Wayne, Pa. 

Dalirsani Z, Aghazadeh M, Adibpour M, Amirchaghmaghi M, Pakfetrat A 
(2011). In- vitro comparsion of the antimicrobial activity of ten herbal 
extracts against Streptococcus mutans with chlorhexidine. J. Appl. 

Sci. 11(5):878-882. 
Deshpande RR, Ruika A, Panvalkar PS, Kulkarni AA, Khatiwora E,  

Adasul V, Kulkarni A, Deshpande NR (2010).Comparative evaluation 
of different concentrations of Mimusops elengi (L) extract as an 
antimicrobial agent against salivary micro flora. J. Biomed. Sci. Res. 
2(3):151-154. 

Eun Mi Choi, Sung Ja Koo, Jae-Kwan Hwang (2004). Immune cell 
stimulating activity of mucopolysaccharide isolated from yam 
(Dioscorea batatas). J. Ethnopharmacol. 91:1-6. 

Govindarajan R, Kaliyappan K, Palanisamy M (2011). Traditional 
medicines used for oral health care amongst the local peoples of Kolli 
Hills of Tamil Nadu. Int. J. Pharma. Sci. Rev. Res. 10:92-94. 

Goyal M, Sasmal D, Nagori BP (2011). Salvadora persica (Meswak): 
chewing stick for complete oral care. Int. J. Pharmacol. 7(4):440-445. 

Grundermann LJ, Timmerman MF, Ijserman Y ,  Van Der Velden U, 
Van Der Weijden GA (2000). Stain, plaque and gingivitis reduction by 
combining chlorhexidine and peroxyborate. J. Clin. Periodontol. 27:9-
15. 

Gur S, Balik DT, Gur N (2006). Antimicrobial activities and some fatty 
acids of turmeric, ginger root and linseed used in treatment of 
infectious diseases. World J. Agric. Sci. 2(4):439-442. 

Homer KA, Manji F, Beighton D (1990). Inhibition of protease activities 
of periodontopathic bacteria by extracts of plants used in Kenya as 
chewing sticks (mswaki). Arch. Oral. Biol. 35(6):421-424. 

Inaba R, Sugiura H, Iwata H (1995). Immunomodulation by Maharishi 
Amrit Kalash 4 and 5 in mice. Nihon Eiseigaku Zasshi 50(4):901-905. 

Jose Maji, Bhagya B, Shantaram Manjula (2011). Ethnomedicinal herbs 
used in oral health and hygiene in coastal Dakshina Kannada. J. Oral 
Health Commun. Dentistry 5(3):119-123. 

Khan R (2009). Antimicrobial Activity of Five Herbal Extracts Against 
Multi Drug Resistant (MDR) Strains of Bacteria and Fungus of 
Clinical Origin. Molecules 14(2):586-597. 

Karsha PV, Lakshmi OB (2010). Antibacterial activity of black pepper 
(Pipper nigrum Linn.) with special reference to its mode of action on 

bacteria. Indian J. Nat. Prod. Resour. 1(2):213-215.  
Lewis WH (1980). Plants used as chewing sticks. J. Prevent. Dental 

6:71-73. 

Gupta et al.          3229 
 
 
 
Loesche W (2007). Dental caries and periodontitis: contrasting two 

infections that have medical implications. Infect. Dis. Clin. North Am. 
21(2):471-502. 

Lohar DR (2007). Protocol for Testing of Ayurvedic, Siddha and Unani 
medicines. Government of India, Department of AYUSH, Ministry of 
Health and Family Welfare: Pharmacopoeial lab. Indian Med. pp.47-
52.  

Marsh P, Martin M (1992). Oral Microbiology. Chapman and Hall, 
London, 3rd ed. pp.131-36. 

Meena R, Ramasamy D, Mageswari S, Ahmed SJ, Arifin S, Khan SA, 
Jameel SS (2012). Scientific Validation of Jawarish–E-Bisbasa–A 
Unani Formulation. Int. J. Pharma. Sci. Res. 3(8):2809-2814.  

Ministry of Health and Family Welfare (2010). Indian Pharmacopoeia. 
Government of India, New Delhi I, 10-146. 

Moynihan P, Petersen PE (2004). Diet, nutrition and the prevention of 
dental diseases. Pub. Health Nutr. 7(1A):201-226. 

Naqvi S Habib, Dahot M Umar, Rafiq M, Khan M Yakoub, Ibrahim I, 
Lashari Khalid H, Ali Asghar, Korai AL (2011). Anti-microbial efficacy 
and biochemical analysis from different parts of Acacia nilotica L. and 
Ricinus communis L. extracts. J. Med. Plants Res. 5(27):6299-6308.  

Negi PS, Jayaprakasha GK, Jagan Mohan Rao L, Sakariah KK (1999). 
Antibacterial activity of turmeric oil: a byproduct from curcumin 
manufacture. J. Agric. Food Chem. 47:4297-4300. 

Nzeako BC, Al-Kharousi ZSN, Al-Mahrooqui Z (2006). Antimicrobial 
Activities of Clove and Thyme Extracts. Sultan Qaboos Univ. Med. J. 
6(1):33-39. 

Panda SK, Das S, Behera M, Tripathi B, Pati D (2012). Standardization 
of Sitopaladi Churna: A Poly-Herbal Formulation. Der. Pharmacia 
Lett. 4(1):205-216.   

Pandey A, Singh P (2011). Antibacterial activity of Syzygium 
aromaticum(clove) with metal ion effect against food borne 
pathogens. Asian J. Plant Sci. Res. 1(2):69-80. 

Pandey MK, Singh GN, Sharma RK, Lata S (2012). Standardization of 
Yakritplihantak Churna: An Ayurvedic Polyherbal Formulation. Int. J. 
Pharma. Sci. Res. 3 (1):171-76. 

Petersen PE (2005). The burden of oral disease: challenges to 
improving oral health in the 21st century. Bull. World Health Org. 
83:3. 

Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye C 
(2005). The global burden of oral diseases and risks to oral health. 
Bull. World Health Org. 83:661-669. 

Petersen PE (2008). The World Oral Health Report 2003: continuous 
improvement of oral health in the 21st century the approach of the 
WHO Global Oral Health Programme. Community Dent. Oral. 
Epidemiol. 31:3-24. 

Siddiqui A, Hakim MA (1995). Format for the Pharmacopoeial Analytical 
Standards of Compound Formulation, Workshop on Standardization 
of Unani Drugs, (appendix), Central Council for Research in Unani 
Medicine, New Delhi pp.24-25.  

Singh TP, Singh MO (2011). Phytochemical and Pharmacological 
profile of Zanthozylum armatum. Indian J. Nat. Prod. Resour. 
2(3):275-285. 

Singh R, Chandra R, Bose M, Luthra PM (2002). Antibacterial activity of 
Curcuma longa rhizome extract on pathogenic bacteria. Curr. Sci. 
83:737-740. 

Suhagia BN, Rathod IS, Sindhu S (2011). Sapindus mukorossi 
(REETHA): An Overview. Int. J. Pharma. Sci. Res. 2(8):1905-1913.  

Tichy J, Novak J (1998). Extraction, assay, and analysis of 
antimicrobials from plants with activity against dental pathogens 
(Streptococcus sp.). J. Alt. Complement. Med. 4:39-45. 

Verma RK, Singh AK, Srivastava P, Shanker K, Kalra A, Gupta MM 
(2009). Determination of Novel Plant Growth Promoting Diterpenes in 
Callicarpa macrophylla by HPLC and HPTLC. J. Liquid Chromat. 
16:2437-2450. 

Winston AE, Bhaskar SN (1998). Caries prevention in the 21
st
 century. 

J. Am. Dent. Assoc. 129:1579-1587. 
WHO (2007). Guidelines on Stability of Pharmaceutical Products. 

http://www.dda.gov.np/guidlines/Guidelines_for_stability_testing.pdf. 
Wolinsky LE, Mania S, Nachnani S, Ling S (1996). The inhibiting effect 

of aqueous  Azadirachta   indica  (neem) extract upon bacterial 
properties influencing in vitro plaque formation. J. Dent. Res. 
75(2):816-822. 


