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Abstract

Herbal based creams are being increasingly
researched as an alternative to synthetic ointments and
creams. In the present study, the herbal cream

prepared using methanolic extract of Tridax
procumbens and olive oil was tested for the
antibacterial on clinical bacterial isolates and

hemolytic activity on human RBCs. The GC-MS
analysis of methanolic extract of Tridax procumbens
shows the major compounds Phenol, 2, 4-bis (1,1-
dimethylethyl)-, phosphite (3:1) (37.71%), Methyl
commate D (29.06 %), Methyl commate A (13.25%),
Stigmasterol (6.1 %) and Gamma.-sitosterol (3.37 %)
which posses antimicrobial, antioxidant, anti-
inflammatory and antibiofilm activities. Whereas the
GC-MS results of olive oil shows 2 compounds
Squalene (98.958 %) and Farnesol isomer A (1.042 %)
which exhibit antibacterial and wound healing
efficiency.

The antibacterial activity tested using agar well
diffusion and antibiofilm assay against 4 clinical
pathogens namely E. coli, S. aureus, P. aeruginosa and
K. pneumoniae shows that herbal cream has higher
microbial reduction capacity on four clinical
pathogens. Further the herbal cream exhibits minimal
hemolytic action 0.06 % on human erythrocyte at 100
pg/mL. Hence the prepared herbal based cream can
be used for traumatic wounds in clinical ambience for
wound healing.

Keywords: Tridax procumbens, Olive oil, antibacterial
activity, antibiofilm activity, hemolysis.

Introduction

Herbal based products plays a vital role in medical sector due
to their low side effects, better and faster recovery in many
treatments and therapies. Herbal preparation like emulsion,
cream and ointment are applied topically for treatment of
wounds stimulating the healing process with their bioactive
compounds!. Most plants have antioxidant, antimicrobial
and anti-inflammatory property that helps in short term
tissue regeneration.

Some of commercially available products produce scars,
hyper pigmentation and long term recovery in topical
wounds?. To avoid such traits and to minimize the side
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effects, herbs and their phytoconstituents are used in wound
healing. The herb Tridax procumbens (family: Asteraceae)
commonly known as ‘coat button’ is used in regular
traditional practice to cure dermal lesions®.

Earlier reports have identified that the herb T. procumbens
has antimicrobial®, antioxidant and anti-inflammatory
properties® and bioactive compounds of that herb enhance
wound recovery in short period of timeS. Formulation of
antibacterial creams use hemolytic assay as a gold standard
for testing the toxicity of product’.

To minimize the hemolytic and cytotoxicty of the prepared
product, olive oil is mixed in cream preparation®. Olive oil
also possesses promising antibacterial activity against
pathogens® and promotes collagen deposition and
stimulating Nrf2 expression on wound*°. This study focuses
on the formulation of T. procumbens methanolic extract and
olive oil as an antibacterial herbal cream, olive oil alone and
methanolic extract of T.procumbens were compared for their
efficacy against clinical pathogens and human erythrocyte.

Material and Methods

Materials required: Extra virgin olive oil, Sodium dodecyl
sulphate (SDS), Muller Hinton Agar, Phosphate buffered
saline pH 7.4, Trypic soy broth, 33% Acetic acid, Crystalline
violet, Triton X 100 and Poly ethylene glycol 400 (PEG).

Collection and extraction of Tridax procumbens: Tridax
procumbens plants were collected in and around Salem,
Tamil Nadu, India (Latitude 11.7184° N and Longitude
78.0771° E). The leaves were washed in double distilled
water and dried in shade for 1 week. Dried leaves were
grinded as powder. The extraction procedure was performed
with soxhlet apparatus. 100 g of T. procumbens powdered
leaf was added to 500mL of methanol and the temperature
was maintained at 64 °C for 24 hrs. The methanolic extract
of plant was filtered through Whatmann no.1 filter paper.
The excess solvent was dried in rotary vacuum evaporator
and dried samples were stored under 4 °C in refrigerator for
further use'?.

Preparation of cream: Extra virgin olive oil was purchased
from local market of Salem, Tamil Nadu, India was used as
oil phase for cream preparation. Cream was formulated in
1:1 ratio of aqueous phase and oil phase. 10mL of olive oil
was heated at 80°C in double boiler method with 0.5 g of
bees wax. 1g of dried methanolic plant extract was mixed in
10mL of double distilled water and placed at water bath at
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80°C. 18 mg of Sodium dodecyl sulphate (SDS) was added
to aqueous phase and allowed to dissolve completely.
Aqueous phase was slowly added into oil phase with
continuous stirring until its forms as homogenous cream for
about 15 mins®2,

GC-MS analysis: Filtered olive oil sample 100 pL was
mixed in 2 ml of DCM (dichloromethane) for GC-MS
analysis and 100 pg of Tridax procumbens methanol extract
powder was mixed with methanol for GC-MS run. Shimadzu
GCMS QP 2020 fused silica column were used for analysis,
packed with SH-Rxi-%Sil MS (30 m x 0.25 mm ID x 250um
df) using helium as carrier gas at a constant flow for
components. The injector temperature was set at 280°C
during the chromatographic run. The 1uL of samples were
injected separately into the instrument the oven temperature
was as follows: 40 °C (2 min) followed by 280 °C at the rate
of 10 °C min~* and 280 °C, where it was held for 3 min. The
mass detector conditions were: transfer line temperature 240
°C; ion source temperature 240 °C; and ionization mode
electron impact at 70 eV, a scan time 0.2 sec and scan
interval of 0.1 sec. The components spectrum was compared
with the database of spectrum of known components stored
in the GC-MS NIST (2017) library.

Antibacterial activity: Freshly prepared LB broth was
inoculated with clinical pathogens (E. coli, S. aureus, P.
aeruginosa and K. pneumoniae) at 37 °C for 24 hour.
Antibacterial test was performed with a well diffusion agar
method. The cultures were swabbed over the solidified
Muller Hinton Agar. The bored wells in agar were
impregnated with 20-100 pg/mL of Tridax procumbens
extract, olive oil and mixture of both as herbal cream. Each
plate was incubated overnight at 37 °C. Zone of inhibition
was measured in mm. Double distilled water was used as
control and tests were performed statistically with triplets.

Antibioflim activity: 10 pl of freshly prepared clinical
isolates were inoculated in 190 pL of Trypic soy broth (TSB)
in 96 well microtitre plate. 100 pl of distilled water is added
to maintain the water loss in medium. The 4 bacterial isolates
were inoculated with different concentration of Tridax
procumbens leave extract, olive oil and freshly prepared
cream of both combinations (20-100 pg/mL). The plates
were incubated at for 24 hrs at 37 °C. After incubation, the
micro titre plates were washed with run tap water about 3-4
times.

Then 200 pL of crystalline violet should be added in each
well and after 15 min, rinse the excess stain with water and
air dry. The biofilm cell bounded crystalline violet was
dissolved by 33% of acetic acid. Then 100 pL of each
destained solution was transferred to fresh microtitre plates.
The reduction rates of biofilm for different concentration of
3 products were measured in terms of ODssonm.

Hemolytic assay: Hemolytic assay was performed by blood
of healthy donor as described briefly in our previous study?2.
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5mL of blood was drawn and used to calculate the RBC lysis
for different concentration (20-100 pg/ml) of T. procumbens
leaf extract, olive oil and prepared cream. 1% of Triton X-
100 and 40% of Poly Ethylene Glycol (PEG) was used as
positive and negative control respectively.

PBS diluted heparinized blood was incubated with different
concentration of 3 individual products as listed above with
the concentration (20-100 pg/mL) in triplicate at 37 °C for 3
hrs in water bath. After incubation the samples were
centrifuged at 3000 rpm for 10 mins.

The supernatant was collected individually in microtitre
plate and absorbance was measured in ODsznm. The
hemolysis was calculated in terms of percentage with
formulae [H (%) = (ODs7onm sample — ODszonm PEG 40%) /
(ODs70nm Triton X-100 1% - ODs7onm PEG 40%) x 100]. The
results were expressed in Mean + SD (n=3).

Statistical analysis: All the experimental data Mean + SD
(n=3) was subjected for (One Way ANOVA) to calculated
the significance of P valve between and control and treated
T.procumbens leaf extract, olive oil and prepared cream.
Statistical analyses were performed with Graphpad PRISM
(Version 4.0). The Dunnett’s test of One Way ANOVA
indicates significance values as (p<0.05= *’), (p<0.01=
**%) and (p<0.001="***7),

Results and Discussion

GC-MS analysis of Tridax procumbens extract and Olive
oil: GC-MS spectrum results confirm the presence of
miscellaneous compounds eluted at different retention time
for both T. procumbens and olive oil respectively (Figure 1
and 2). GC-MS analysis of T. procumbens extract leads to
identification of 15 components during GC run. The
compounds present in entire herb T. procumbens were
detected by GC-MS and their biological significance was
listed in table 1.

Phenol, 2, 4-bis(1,1-dimethylethyl)-, phosphite (3:1)
(37.71%), Methyl commate D (29.06 %), Methyl commate
A (13.25%), Stigmasterol (6.1 %), Stigmasterone (4.23%),
Gamma.-sitosterol  (3.37 %), Neophytadiene (1.99%),
Decane, 1-iodo-(1.76%) and Benzene, (1methyldodecyl)-
(1.27%) were the 10 major compounds, N-Hexadecanoic
acid (0.96%), 2-hexadecen-1-ol, 3,7,11,15-tetramethyl-
(0.92%), 2,6,10-trimethyl,14-ethylene-14-pentadecne
(0.68%), 6.beta.Bicyclo[4.3.0] nonane, 5.beta.-iodomethyl-
1.beta.-isopropenyl (0.69%) and Undecane (0.46%) were 5
minor compounds present in methanolic extract of
T.procumbens.

GC-MS analysis of Olive oil showed the presence of 2 main
components namely Squalene (98.958 %) and Farnesol
isomer A (1.042 %) were indicated in table 2. These
compounds have antimicrobial, antioxidant, anti-
inflammatory and antibiofilm potential?®-32,
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Figure 1: GC-MS chromatogram of methanolic extract of Tridax procumbens
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Figure 2: GC-MS chromatogram of Olive oil
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Compounds identified in methanolic extract of Tridax procumbens in GC-MS

S.N. Name of the compound Retention | Molecular | Molecular Peak Biological significance
Time formula weight %
(R.T)
1 Undecane 9.960 CiiHa2a 156 0.46 Antimicrobial agent found in stem extract of
Solena amplexicaulis'
2 Neophytadiene 19.507 CaoHzs 278 1.99 Good Anti-inflammatory, Antimicrobial and
Antioxidant compound found in leaf extract of
Plectranthus amboinicus!®
3 2,6,10-trimethyl,14-ethylene- 19.958 CaoHag 278 0.68 Found in methanolic Eupatorium triplinerve
14-pentadecne extract acts as antiproliferative agent in cancer
cells®
4 Benzene,(1methyldodecyl)- 20.317 CigHz 260 1.27 Bioactive compound present in Calophyllum
inophyllum?’
5 N-Hexadecanoic acid 20.765 Ci6H320, 256 0.96 Anti-inflammatory agent*®
6 2-hexadecen-1-ol, 3,7,11,15- 22.226 C20Ha40O 296 0.92 Found in leaf and stem extract of Marsilea
tetramethyl- minuta and has Antioxidant and
Antimicrobial®®
7 Phenol, 2,4-bis(1,1- 22.472 Ca2He305P 646 8.33 Inhibits quorum sensing mediated biofilm
dimethylethyl)-, phosphite formation in pathogen®
(3:1)
8 Phenol,2,4-bis(1,1- 22.671 Ci2He303P 646 8.71 Inhibits quorum sensing mediated biofilm
dimethylethyl)-, phosphite formation in pathogen®
(3:1)
9 Phenol,2,4-bis(1,1- 22.756 Ca2He305P 646 6.78 Inhibits quorum sensing mediated biofilm
dimethylethyl)-, phosphite formation in pathogen®
(3:1)
10 Phenol,2,4-bis(1,1- 22.858 Ca2He305P 646 9.89 Inhibits quorum sensing mediated biofilm
dimethylethyl)-, phosphite formation in pathogen®
(3:1)
11 Decane, 1-iodo- 23.455 CioHal 268 1.76 No activity reported
12 Stigmasterol 23.520 CaoH150 412 2.07 Antioxidant, Anti-inflammatory and Antitumor
activity? 22
13 Stigmasterol 23.710 Ca9H4gO 412 4.03 Antioxidant, Anti-inflammatory and Antitumor
activity? 22
14 Gamma.-sitosterol 26.167 Ca9Hs00 414 3.37 Antihyperglycemic and Anti cancer activity?
15 Methyl commate A 26.240 Cs2Hz520, 500 1.04 Anti microbial activity®*
16 Methyl commate A 27.210 Ca2Hs5204 500 12.21 Anti microbial activity®*
17 Urs-12-en-3-ol, acetate, 27.665 Cs2Hs20; 468 1.56 Anti-inflammatory?®
(3.beta.)-
18 6.beta.Bicyclo[4.3.0] nonane, 27.792 CisHasl 332 0.69 Bioactive compound present in essential oil
5.beta.-iodomethyl-1.beta.- of eugenia cotinifolia ssp?®
isopropenyl
19 Stigmasterone 28.216 CagHs60 410 4.23 Present in plant extract of Salvinia
auriculata Aubl which possess Antibacterial
activity?’
20 Methyl commate D 28.763 Cs1Hs5004 486 29.06 Presented in methanolic extract of Eupatorium
odoratum which exhibits Antimicrobial and
Anti-inflammatory process®
Table 2

Compounds identified in Olive oil of GC-MS

Name of the compound | Retention Time Molecular Molecular | Peak % Biological significance
(RT) formula weight
Squalene 24.097 CaoHso 410 98.958 | Antioxidant, Anticancer, antimicrobial
and used in skin care regime?®
Farnesol isomer A 24.787 CisH260 222 1.042 Antibacterial, Antibiofilm and wound
healing®%:3!
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Antibacterial activity of Tridax procumbens extract,
Olive oil and Herbal cream: All 3 different products
namely T. procumbens methanolic leaf extract, olive oil and
mixture of both as herbal cream shown as antibacterial
activity against 4 different clinical pathogens (E. coli, S.
aureus, P. aeruginosa and K. pneumoniae). Prepared herbal
cream shows better antagonistic mechanism against clinical
isolates rather than T. procumbens leaf extract and olive oil
alone.

All the products were taken for well diffusion test
individually with different concentration (20, 40, 60, 80 and
100 pg/mL) for each bacterial isolate. After incubation at 37
°C for 24 hour, the zone of inhibition were noted. Mean *
SD, n = 3 bacterial zone of inhibition rate was calculated
statistically with P < 0.05 (Figure 3). Among the results 16.4
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mm was the highest zone of inhibition found at S. aureus
against 100 pg of herbal cream. Even a least concentration
20 pg of herbal cream shows 11-12 mm diameter zone for
all 4 pathogens. This comparative analysis shows that
prepared herbal cream has better antagonistic activity than
plant extract and olive oil.

Antibacterial cream formulated for normal skin from
Mangifera indica was found to have zone of inhibition of
10.2 mm, 8.9 mm for E. coli and S. aureus respectively2.
Herbal ointment prepared from methanolic extract of Cassia
alata shows inhibition rate 16.50 mm for S. aureus
50mg/mL and no zone for E. coli and P. aeruginosa which
indicates our herbal cream preparation has great efficacy in
antagonistic mechanism against clinical pathogens33.
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Figure 3: Antibacterial activity of methanolic extract of Tridax procumbens, Olive oil and Herbal cream on clinical
pathogens by well diffusion method. The values were represented in Mean + SD. *** indicates the significant
difference among the treatment with respect to control (p < 0.001).
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Antibioflim activity of Tridax procumbens extract, Olive
oil and Herbal cream: Pathogenic biofilm reduction of 4
clinical isolates as listed above were studied using microtitre
plate incubated with different concentration (20, 40, 60, 80
and 100 pg/mL) of T. procumbens methanolic extract, olive
oil and herbal cream. The optical density of crystal violet
bound to biofilm dissolved with 33 % of acetic acid shows
inhibition capacity of the above mentioned products with
respective concentration. The prepared herbal cream shows
greater reduction potential than the plant T. procumbens
extract and olive oil tested alone. The highest biofilm
reduction rates for 4 clinical isolates namely E. coli, S.
aureus, P. aeruginosa and K. pneumoniae at100 pg/mL were
33, 48.7, 39.7 and 34.3% for Olive oil, 41.4, 60.6, 55 and
47.3% for T. procumbens methanolic extract and 56.8, 66.6,
59.7 and 54.1% for herbal cream respectively (Figure 4).

Vol. 16 (4) April (2021)
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Previous report of T. procumbens plant extract shows 41.9%
of biofilm inhibition rate at100 pug/mL for E. coli **. 200
pg/mL of gentamicin shows 83, 75 and 96% of biofilm
inhibition on E. coli, P. aeruginosa and S. aureus these
inhibition rates were relatively lower than 100 pg/mL of
herbal cream3,

Hemolytic assay of Tridax procumbens extract, Olive oil
and Herbal creams: Methanolic extract of T.procumbens
shows higher hemolytic activity than prepared herbal cream
(Figure 5). The hemolysis percentage in different
concentration of T. procumbens methanolic extract, olive oil
and herbal cream (20, 40, 60, 80 and 100 pg/mL) against 100
puL of RBC were noted. 0.7 and 1.8 % for 80 pg and 100
pg/mL of methanolic T. procumbens extract were observed.
Olive oil does not show hemolytic activity on RBC for any
respective concentration. 0.06% for 100 pg/mL was the
maximum hemolysis observed for prepared herbal cream.
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Figure 4: Antibiofilm potential of clinical isolates at ODssonm in response to methanolic extract of Tridax procumbens,
Olive oil and Herbal cream. The values were represented in Mean £ SD. *, ** and *** indicates the significant
difference among the treatment with respect to control (p < 0.05), (p < 0.01) and (p < 0.001).
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Figure 5: Hemolytic assay using different concentration of methanolic extract of Tridax procumbens, Olive oil and
Herbal cream. Triton X-100 (1%6) and PEG-400 (40%) were used as positive and negative control respectively. The
values were represented in Mean £ SD, n = 3. The significant difference among the treatment with respect to control
was (p < 0.001).

In early reports 100 pug/mL Paronychia chlorothyrsa plant
extract shows 0.098% hemolysis which is slightly equal to
prepared herbal cream®. Thus this study confirms
combination of olive oil with plant extract for antibiotic
cream preparation with low hemolytic effect on the product.

Conclusion

The study indicates herbal cream prepared from methanolic
extract of Tridax procumbens and olive oil exhibits stronger
antibacterial activity against clinical pathogens and also
possesses low hemolytic activity on human erythrocytes.
Thus the prepared Tridax procumbens herbal cream can be
used topically on wounds to reduce the destruction caused
by pathogens.

Acknowledgement

This study was financially supported by the Periyar
University, Salem by providing University Research
fellowship (PU/AD-3/URF/2017).

References
1. Pereira R.F. and Bartolo P.J., Traditional therapies for skin
wound healing, Advances in Wound Care, 5(5), 208-229 (2016)

2. Saini S., Dhiman A. and Nanda S., Traditional Indian medicinal
plants  with  potential wound healing activity: a
review, International Journal of Pharmaceutical Sciences and
Research, 7(5), 1809 (2016)

134

3. Lokesh Prasad M.S., Gurunath K.P., Chandrasekar S.B.,
Umashankar C. and Pawar A.T., Formulation and evaluation of
herbal formulations (Ointment, Cream, Gel) containing Tridax
procumbens and Areca catechu, Journal of Scientific and
Innovative Research, 6(3), 97-100 (2017)

4. Mihigo S.O., Masesane 1.B., Sichilongo K. and Ndombele L.,
Preliminary GC-MS Profiling and Anti-bacterial activity
Investigation of Tridax procumbens  Linn.(Asteraceae),
International Journal Of Chemistry and Aquatic Sciences, 1, 55-
64 (2015)

5. Jachak S.M., Gautam R., Selvam C., Madhan H., Srivastava A.
and Khan T., Anti-inflammatory, cyclooxygenase inhibitory and
antioxidant activities of standardized extracts of Tridax
procumbens L, Fitoterapia, 82(2), 173-177 (2011)

6. Prabhu V.V., Nalini G., Chidambaranathan N. and Kisan S.S.,
Evaluation of anti-inflammatory and analgesic activity of Tridax
procumbens Linn. Against formalin, acetic acid and CFA induced
pain  models, International Journal of Pharmacy and
Pharmaceutical Sciences, 3(2), 126-130 (2011)

7. Golubeva 0O.Y., Shamova O.V., Orlov D.S., Pazina T.Y.,
Boldina A.S. and Kokryakov V.N., Study of antimicrobial and
hemolytic activities of silver nanoparticles prepared by chemical
reduction, Glass Physics and Chemistry, 36(5), 628-634 (2010)

8. Sumer Z., Yildirim G., Sumer H. and Yildirim S., Cytotoxic and
antibacterial activity of the mixture of olive oil and lime cream in
vitro conditions, African Journal of Traditional, Complementary
and Alternative Medicines, 10(4), 137-143 (2013)


https://www.researchgate.net/journal/0975-1491_International_Journal_of_Pharmacy_and_Pharmaceutical_Sciences
https://www.researchgate.net/journal/0975-1491_International_Journal_of_Pharmacy_and_Pharmaceutical_Sciences

Research Journal of Biotechnology

9. Nazzaro F., Fratianni F., Cozzolino R., Martignetti A., Malorni
L., De Feo V., Cruz A.G. and d’Acierno A., Antibacterial Activity
of Three Extra Virgin Olive Oils of the Campania Region,
Southern Italy, Related to Their Polyphenol Content and
Composition, Microorganisms, 7(9), 321 (2019)

10. Schanuel F.S., Saguie B.O. and Monte-Alto-Costa A., Olive oil
promotes wound healing of mice pressure injuries through NOS-2
and Nrf2, Applied Physiology, Nutrition and Metabolism, 44(11),
1199-1208 (2019)

11. Kushwaha P., Yadav S.S., Singh V. and Dwivedi L.K,,
Phytochemical Screening and Gc-Ms Studies Of The Methanolic
Extract Of Tridax Procumbens, International Journal of
Pharamaceutical Sciences and Research, 10(5), 2492-2496 (2019)

12. Chen M.X., Alexander K.S. and Baki G., Formulation and
evaluation of antibacterial creams and gels containing metal ions
for topical application, Journal of Pharmaceutics, 2016, 1-10
(2016)

13. Lavanya K., Kalaimurugan D., Shivakumar M.S. and
Venkatesan S., Gelatin stabilized silver nanoparticle provides
higher antimicrobial efficiency as against chemically synthesized
silver nanoparticle, Journal of Cluster Science, 31(1), 265-275
(2020)

14. Krishnamoorthy K. and Subramaniam P., Phytochemical
profiling of leaf, stem and tuber parts of Solena amplexicaulis
(Lam.) Gandhi using GC-MS, International Scholarly Research
Notices, 2014, 1-13 (2014)

15. Swamy M.K., Arumugam G., Kaur R., Ghasemzadeh A.,
Yusoff M.M. and Sinniah U.R., GC-MS based metabolite
profiling, antioxidant and antimicrobial properties of different
solvent extracts of Malaysian Plectranthus amboinicus
leaves, Evidence-Based  Complementary and  Alternative
Medicine, 2017, 1-10 (2017)

16. Selvamangai G. and Bhaskar A., GC-MS analysis of
phytocomponents in the methanolic extract of Eupatorium
triplinerve, Asian Pacific Journal of Tropical Biomedicine, 2(3),
$1329-S1332 (2012)

17. Malarvizhi P. and Ramakrishnan N., GC-MS analysis of
biologically active compounds in Leaves of Calophyllum
inophyllum L, International Journal of Chem Tech Research, 3(2),
806-809 (2011)

18. Aparna V., Dileep K.V., Mandal P.K., Karthe P., Sadasivan C.
and Haridas M., Anti-inflammatory property of n-hexadecanoic
acid: structural evidence and kinetic assessment, Chemical Biology
and Drug Design, 80(3), 434-439 (2012)

19. Sabithira G. and Udayakumar R., GC-MS analysis of
methanolic extracts of leaf and stem of Marsilea minuta (Linn.),
Journal of Complementary and Alternative Medical Research,
3(1), 1-13 (2017)

20. Padmavathi A.R., Abinaya B. and Pandian S.K., Phenol, 2, 4-
bis (1, 1-dimethylethyl) of marine bacterial origin inhibits quorum
sensing mediated biofilm formation in the uropathogen Serratia
marcescens, Biofouling, 30(9), 1111-1122 (2014)

135

Vol. 16 (4) April (2021)
Res. J. Biotech

21. Gabay O., Sanchez C., Salvat C., Chevy F., Breton M.,
Nourissat G., Wolf C., Jacques C. and Berenbaum F., Stigmasterol:
a phytosterol with potential anti-osteoarthritic
properties, Osteoarthritis and Cartilage, 18(1), 106-116 (2010)

22. Ghosh T., Maity T.K. and Singh J., Evaluation of antitumor
activity of stigmasterol, a constituent isolated from Bacopa
monnieri Linn aerial parts against Ehrlich Ascites Carcinoma in
mice, Oriental Pharmacy and Experimental Medicine, 11(1), 41-
49 (2011)

23. Sirikhansaeng P., Tanee T., Sudmoon R. and Chaveerach A.,
Major phytochemical as y-sitosterol disclosing and toxicity testing
in Lagerstroemia species, Evidence-Based Complementary and
Alternative Medicine, 2017, 1-10 (2017)

24. Ravindran R., Lavanya P., Devi A.J., Krithika R. and Rajkumar
J., Phytochemical screening, GC-MS analysis and antimicrobial
evaluation of ambrex (a herbal formulation), Journal of Chemical
and Pharmaceutical Sciences, 2, 31-35 (2014)

25. VZquez L.H.N., Palazon J. and Navarro-OcaA A., The
Pentacyclic Triterpenes amyrins: A Review of Sources and
Biological Activities, Phytochemicals-A Global Perspective of
Their Role in Nutrition and Health (2012)

26. Sarvesan R., Eganathan P., Saranya J. and Sujanapal P.,
Chemical Composition And Antibacterial Activity Of Leaf
Essential Oil Of Eugenia Cotinifolia Ssp. Codyensis (Munro Ex
Wight) Ashton, International Journal of Pharmaceutical Sciences
and Research, 6(9), 3981 (2015)

27. Lima S., Diaz G. and Diaz M.A.N., Antibacterial Chemical
Constituent and Antiseptic Herbal Soap from Salvinia auriculata
Aubl, Evidence-Based ~ Complementary  and  Alternative
Medicine, 2013, 1-5 (2013)

28. Raman B.V., Samuel L.A., Saradhi M.P., Rao B.N., Krishna
N.V., Sudhakar M. and Radhakrishnan T.M., Antibacterial,
antioxidant activity and GC-MS analysis of Eupatorium odoratum,
Asian Journal of Pharmaceutical and Clinical Research, 5(2), 99-
106 (2012)

29. Kim S.K. and Karadeniz F., Biological importance and
applications of squalene and squalane, Advances in Food and
Nutrition Research, 65, 223-233 (2012)

30. Alves F.R., Neves M.A., Silva M.G., Rocas I.N. and Siqueira
Jr J.F., Antibiofilm and antibacterial activities of farnesol and
xylitol as potential endodontic irrigants, Brazilian dental
Journal, 24(3), 224-229 (2013)

31. Wu Y.C., Wu G.X., Huang H.H. and Kuo S.M., Liposome-
encapsulated farnesol accelerated tissue repair in third-degree
burns on a rat model, Burns, 45(5), 1139-1151 (2019)

32. El-Gied A.A.A., Abdelkareem A.M. and Hamedelniel E.I.,
Investigation of cream and ointment on antimicrobial activity of
Mangifera indica extract, Journal of Advanced Pharmaceutical
Technology and Research, 6(2), 53 (2015)

33. Alalor C., Igwilo C.l1. and Azubuike C.P., Evaluation of the
Antibacterial activity of Herbal ointments formulated with



Research Journal of Biotechnology

Methanolic extract of Cassia alata, Asian Journal of Biomedical
and Pharmaceutical Sciences, 2(13), 15-19 (2012)

34. Namasivayam S.K.R. and Roy E.A., Anti biofilm effect of
medicinal plant extracts against clinical isolate of biofilm of
Escherichia coli, International Journal of Pharmacy and
Pharmaceutical Sciences, 5(2), 486-489 (2013)

35. Famuyide .M., Aro A.O., Fasina F.O., Eloff J.N. and McGaw
L.J., Antibacterial and antibiofilm activity of acetone leaf extracts

136

Vol. 16 (4) April (2021)
Res. J. Biotech
of nine under-investigated south African Eugenia and Syzygium

(Myrtaceae) species and their selectivity indices, BMC
Complementary and Alternative Medicine, 19(1), 141 (2019)

36. Zohra M. and Fawzia A., Hemolytic activity of different herbal
extracts used in Algeria, International Journal of Pharma Sciences
and Research, 5, 495-500 (2014).

(Received 09" April 2020, accepted 12™ June 2020)


https://www.researchgate.net/journal/0975-1491_International_Journal_of_Pharmacy_and_Pharmaceutical_Sciences
https://www.researchgate.net/journal/0975-1491_International_Journal_of_Pharmacy_and_Pharmaceutical_Sciences

