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Abstract Corynandra felina (L.f,) Cochrane & Iltis, an
endemic medicinal herb in peninsular India, belongs to the
family Cleomaceae. It is used in traditional medicine for
epistaxis, astringent, antihyperlipidemic, antidiabetic,
anticancer, and anti-inflammatory therapies. This study
was carried out to screen the preliminary phytochemicals
in methanolic extracts of stem, leaf, root and leaf callus
through chemical methods and reveal the presence of
alkaloids, phenols, tannins, saponins, cardiac glycosides,
terpenoids and anthraquinones. The methanolic extracts of
stem, leaf, root and leaf callus show antibacterial activity
against bacterial strains viz. Bacillus subtilis, Klebsiella
pneumonia,  Staphylococcus — aureus, Pseudomonas
fluorescens, Escherichia coli. Zone of inhibition values
was used to evaluate the antibacterial activity. Maximum
zone of inhibition 20.0 £+ 0.2 mm was found in stem extract
against Klebsiella pneumonia, 15.2+ 0.2 mm was found in
leaf extract against Klebsiella pneumonia and no activity
was observed in root and leaf callus extracts. Our study
revealed that the phytochemicals of C. felina are showing
antimicrobial activity and there is a possibility to develop
drugs against pathogenic bacterial strains.

Keywords Cleome felina, Endemic, Phytochemical,
Antibacterial Activity, Zone of Inhibition, Klebsiella
pneumonia

1. Introduction

Several traditional herbal medicines have evolved
contributions in large part to the healing properties of herbs.
Active phytochemical components can be found in most
herbs. Excess deaths have increased, especially in
individuals who have come into contact with antibiotic-
resistant microorganisms [1]. Drug resistance has rendered
certain antibiotics ineffective [2], which has sparked a
quest for novel medications. One potential therapy for
multidrug-resistant illnesses brought on by multidrug-
resistant bacteria is herbal medicine [3]. To combat their
difficulties in the human body, pathogenic bacteria are
continually evolving drug resistance to various medications
or antibiotics [4]. According to their usage in conventional
medicines, bioactive chemicals have been studied in plants
from the Cleomaceae family [5, 6]. There are about 350
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species of herbaceous plants and shrubs in the Cleomaceae
family, most of which are annual but can sometimes be
perennial. They are frequently grown in tropical and
subtropical areas [7]. The main genus of the Cleomaceae
family, Cleome, is well-known for its therapeutic benefits.
Some Cleome species (Cleome felina L.f., Cleome viscosa
L., Cleome chelidonii L.f.) have recently been placed into
the genera Corynandra [8]. Corynandra felina (L.f.)
Cochrane & Iltis belongs to the family Cleomaceae and it
is commonly called as cat spider flower. It is endemic to
peninsular India [9-12]. In India, it is distributed in Andhra
Pradesh, Telangana, Tamil Nadu, Maharashtra,
Pondicherry and Karnataka. It is "Annual diffuse herbs 10-
35 cm. Stem decumbent, woody, branched, densely
strigose-appressed hairs. Leaves are trifoliate, sessile,
covered with hairy, oblong or obovate, apex obtuse, and
margin ciliate. The inflorescence is racemes or solitary,
bisexual, flowers pink or purple, pedicel slender, sepals are
4, linear, free, apex sub acute, scabrid. Petals are four
elliptic and pubescent. Stamens are 20-40, purple or violet.
Ovary is superior to the bi-carpellary. Fruit is a capsule. It
has many seeds that are 14-16 orbicular [13]. It treats
epistaxis [14] and astringent [15]. The plant extracts have
antihyperlipidemic and anti-diabetic properties [16] and
anticancer activity [17]. Whole plants cure anticancer, anti-
inflammatory, and antimicrobial activities [18]. The
phytochemical analysis and antimicrobial activity of C.
felina L.f leaf and leaf-derived callus are reported earlier
[19]. This research aimed to assess the anti-bacterial
capacity and identify any phytochemicals in the leaves,
stem, root, and leaf callus of Corynandra felina (L.f.)
Cochrane & lltis.

2. Materials and Procedures

2.1. Plant Material

Fresh plants of Corynandra felina (L.f) Cochrane & lltis
were collected at Gopalpuram, Hanamakonda district,
Telangana state, India, in August 2021. Dr Md Mustafa, a
plant taxonomist from Kakatiya University in Warangal
and Telangana State, India, identified and confirmed the
plant.

2.2. Preparation of Samples

The plants were separated into stems, leaves, roots, and
In vitro callus sections. Each portion was pounded
separately to generate a fine powder sample, then sieved
through with a sieve with a mesh size of 2 mm. The fine
powder sample was kept apart and in clean, dry sample
containers for extraction.

2.3. Callus Induction

Murashige and Skoog's [20] media were supplemented

with different concentrations of 2, 4-D, NAA, and IAA (1.0
- 5.0 mg/L), either alone or in combination with BAP (0.5
mg/L) or Kn (0.5 mg/L), to induce leaf callus. The leaf
explants placed with Ms + NAA (2.0 mg/L) + BAP (0.5
mg/L) showed the highest mean fresh and dry weights (mg)
of callus (428.5+0.59 and 40.9+0.59, respectively) (Table
1, Fig. 1). The dry powder callouses were used in the tests
with phytoconstituents.

Table 1. Induction of Callus from Leaf, explant Corynandra felina was
cultured on MS media supplemented with NAA (1.0 - 5.0 mg/L) and
combination with BAP (0.5-3.0 mg/L) and KN (0.5-3.0 mg/L) after four
weeks of culture

Hormone & Conc. Leaf
NAA | BAP KN Callus Fresh Callus Dry
weight(mg) weight(mg)
Mean £S.E Mean £S.E
1.0 0.5 216.340.48 20.840.47
2.0 0.5 428.540.59 40.940.59
3.0 0.5 383.640.53 37.640.43
4.0 0.5 332.840.67 32.640.39
5.0 0.5 276.540.84 25.440.78
1.0 0.5
2.0 0.5 276.740.46 26.540.78
3.0 0.5 346.840.68 32.740.69
4.0 0.5 298.240.76 28.640.57
5.0 0.5 208.60.85 19.340.68

Data represent average of 10 cultures. Each experiment was repeated
thrice.

2.4. Preparation of the Plant Extracts

A "Soxhlet extractor" was used to do methanol solvent
extraction. A thimble containing the sample is put into the
Soxhlet extractor's main chamber. On top of a flask
containing the extraction solvent, the Soxhlet extractor is
put. Ten grammes of dried plant extract powder were
extracted using around 100 millilitres of solvent. On a
heating mantle, the solvent extraction procedure was
carried out. These extracts were concentrated by mixing
them at 120 rpm for 24 hours at room temperature. They
were labelled, maintained in sterile, airtight bottles, and
utilized for phytochemical analysis, and the filtrate was
used for combined antimicrobial activity and
phytochemical analysis.

2.5. Qualitative Phytochemical Screening

Qualitative tests for alkaloids, flavonoids, Phenols,
tannins, saponins, cardiac glycosides, terponoids, and
anthraquinones were carried out with their plant extracts
using the chemical methods [21] given below.
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Figure 1. Induction of Callus from Leaf, explant of Corynandra felina plant

2.5.1. Test for alkaloids (Wagner’s Test)

5 ml of dilute hydrochloric acid was mixed with 50 mg
of solvent-free extracts after filtering. Alkaloids were
checked for in the filtrate. Wagner's reagent and a small
quantity of filtrate were added at the tube's end. The
reddish-brown solution verifies the presence of alkaloids.

2.5.2. Test for Flavonoids (Shinodas Test)

In the solution, mix zinc dust and concentrated
hydrochloric acid. After a while, it turns magenta,
indicating the existing flavonoids.

2.5.3. Test for Phenols (Ferric Chloride Test)

Five millilitres of filtered water and a few drops of a
neutral, 5% ferric chloride solution serve to adjust the
extract. Deep green colours indicate the possible presence
of phenols.

2.5.4. Test for Tannins (Ferric Chloride Test)

Tannins were identified by the extract's blue or green
colour after they received a ferric chloride solution heating
process.

2.5.5. Test for Saponins (Foam Test)

To make 20 ml, 50 mg of extract was diluted with water.
A two-cm layer of foam is formed on top of the suspension
after 15 minutes of shaking, indicating the presence of
saponins.

2.5.6. Test for Cardiac glycosides (Kellar - Kiliani Test)

Two millilitres of the filtrate were added to one millilitre
each of concentrated sulfuric acid, ferric chloride, and
glacial acetic acid. The solution became green-blue,
suggesting the presence of cardiac glycosides.
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2.5.7. Test for Terpenoids (Liber Mann — Buchard’s Test)

The crude extract was mixed with a few drops of acetic
anhydride, boiled, and cooled. Concentrated sulphuric acid
was then added from the sides of the test tube and observed
for the formation of a brown ring at the junction of two
layers. Green coloration or the formation of a deep red
colour in the lower layer would represent a positive test for
triterpenoids.

2.5.8. Test for Anthraquinones (Borntrager’s Test)

The test solution was treated for 5 minutes with 5 ml of
10% sulfuric acid, filtered even while warm, and mixed
with an equivalent amount of benzene. In the interest of
separating the benzene layer, it was separated in half and
treated with a 10% ammonia solution; the rose-pink colour
of the ammonia layer showed the presence of
anthraquinones.

2.6. Test Organisms for Anti-Bacterial Activity

The antibacterial analysis of the extracts was carried out
against gram-negative bacteria Escherichia coli (MTCC
424), Klebsiella pneumoniae (MTCC 2727), Pseudomonas
fluorescens (MTCC 9768) and gram-positive bacteria
Bacillus subtilis (MTCC 3053), Staphylococcus aureus
(MTCC 96). These bacterial strains were acquired from
Chandigarh, Punjab, India's Microbial Type Culture
Collection (MTCC). The bacterial strain was grown in
nutrient broth and kept at 4<C until usage on nutrient agar
(Hi-Media). The paper disc diffusion method was used to
test the anti-bacterial properties. [22].

2.7. Antimicrobial Susceptibility Testing

Nutrient agar plates were prepared, and pathogenic
bacteria were spread on the agar plates. The activated
samples were placed on discs [23] and incubated at 30 %2
for 24 hours. A distinct zone of bacterial inhibition was
seen surrounding the sample after 24 hours of incubation,
and the zone's measurement was determined. The degree of
inhibition was presented in terms of the diameter of the
inhibition zone as measured in millimetres with a
transparent ruler [24]. The effect of the extract on bacteria

was compared with that of a standard antibiotic, ampicillin.
All experiments were performed in triplicate.

2.8. Statistical Analysis

Three separate tests were run, and the findings were
presented as mean and standard deviation (S.D.).

3. Results

Methanolic extracts of stem, leaf, root and callus
revealed the presence of phytochemicals and were reported
in (Table 2, Fig. 2). C. felina, contains a wide range of
phytochemicals like alkaloids, phenols, tannins, saponins,
cardiaglycosides, terpenoids, and anthraquinones which
were found in the leaf, stem, root and callus. Out of eight
phytochemical tests, the methanol extract of the stem
showed the presence of alkaloids, phenols, tannins,
saponins, and terpenoids. Negative results were recorded
for flavonoids, cardiac glycosides and anthraquinones.
Alkaloids were present in all four parts of the extractions
i.e., leaf, stem, root and callus. Flavonoids were not found
in any of the part. Only anthraquinones were found in the
root extract, and cardiac glycosides were found in the callus
extract only. Phenols and tannins were present in leaf and
stem extracts. Terpenoids were found in stem and root
extracts. Saponins were identified in leaf, stem and callus
extracts.

The antibacterial activity of a methanol extract of the
stem, leaf, root and leaf callus of C. felina was assessed by
their zone of inhibition values (Table 3, Fig. 3,). Present
study revealed that the stem extract showed significant
antibacterial activity against Klebsiella pneumonia (20.0 =
0.2 mm), followed by Staphylococcus aureus (11.0 0.1
mm), Escherichia coli (10.0 £0.2 mm), Bacillus subtillis
(9.0 £0.1 mm) and Pseudomonas fluorescens (7.0 £0.2
mm). Leaf extract noticed significant antibacterial activity
against Klebsiella pneumonia (15.0 =0.2mm), followed by
E. coli (12.0 =0.1mm), Pseudomonas fluorescens (11.0 =
0.1mm), Staphylococcus aureus (10.0 = 0.2mm) and
Bacillus subtillis (8.0 =0.2mm).

Table 2. Preliminary phytochemical screening of methanolic extract of Corynandra felina

S.No Phytochemical Test Leaf Stem Root Callus
1. Alkaloids Wagner’s test + + + +
2. Flavonoids Shinodas test -
3. Phenols Ferric chloride test + +
4. Tannins Ferric chloride test + +
5. Saponins Foam test + + +
6. Cardiac glycosides Kellar - Kiliani test - +
7. Terpenoids Liber Mann — Buchard’s test - + +
8. Anthraquinones Borntrager ‘s test - +

Indication of sign (+) present and (-) absent
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Table 3. The bacterial growth inhibition zones of methanolic extracts of Corynandra felina

Test organisms with their zone of inhibition (mm)
Extract Bacillus Klebsiella Pseudomonas Escherichia coli Staphylococcus aureus
subtilis pneumonia fluorescens
Leaf 8.0 £0.2 15.0 0.2 11.0 0.1 12.0 +0.1 10.0 0.2
Stem 9.0+0.1 20.0+0.2 7.0%0.2 10.0 0.2 11.0+0.1
Callus 00 =00 00 00 00 =00 00 00 00 =00
Root 00 00 00 +00 00 00 00 +00 00 00
Control (Ampicillin) 33.0+£0.2 320#0.1 36.0 0.2 36.0 £0.2 31.0+0.1

Values are means of three independent replicates and *indicates standard deviation.

Figure 2. Preliminary phytochemicals screening in stem extracts of Corynandra felina in methanol solvent extracts. (A). Methanol stem extract (B).
Detection of alkaloids (C). Detection of flavonoids (D). Detection of phenols (E). Detection of tannins (F). Detection of saponins (G). Detection of

cardiac glycosides (H). Detection of terpenoids (I). Detection of anthraquinones
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Figure 3. The bacterial growth inhibition zones of a methanolic extract of the leaf, stem, root, and leaf callus of Corynandra felina (Ampicillin was
used as a control). (A). Bacillus subtillis (B). Klebsiella pneumonia (C). Pseudomonas fluorescens (D). Escherichia coli (E). Staphylococcus aureus
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4. Discussion

Singh [19] evaluated the phytochemistry of a
chloroform-methanol leaf extract of C. felina. The result
was similar to our study. The results showed that the stem
has many phytoconstituents compared to other parts like
the leaf, root and callus. Many of these compounds have

been shown to have various varieties of therapeutic features.

The medical and biological effects of the bioactive
compounds are diverse. Each phytochemical showed the
capacity for a particular biological activity, such as the
antioxidant capacity of flavonoids, the anti-bacterial,
analgesic, and antispasmodic capacities of alkaloids, and
the inflammatory capacity of steroids [25]. Tannins possess
astringent, anti-bacterial, and antioxidant properties [26].
Pharmaceutical firms are concentrating their efforts on
using medicinal plants as a bioactive source for developing
new drugs. Around 25 - 50 % of contemporary medications
have a botanical origin. This demonstrates that plants have
various curative properties attributable to their chemical
makeup. Several medicinal plants were unique in their
biological activities but have been employed by different
tribes or nations for different ailments. The numerous
phytochemical substances found have been known to be
helpful in industrial and medical disciplines. According to
several studies, alkaloids are said to have antimicrobial
studies [27]. Many publications claim that glycosides can
reduce blood pressure [28]. It has been discovered that
tannin possesses antimicrobial qualities. A few tannins are
employed as diuretics and have been shown to stop HIV
replication [29]. Biological characteristics, including
anticancer and anti-inflammation actions, are present in
phenolic compounds [30]. The antioxidant qualities of
medicine that are high in phenolic compounds have been
discussed in several research [31, 32]. Saponins contained
in plants are cardiotonic and are said to have anti-diabetic
characteristics. They can reduce coughing, which is
particularly helpful in treating upper respiratory tract
inflammation [33].

The present study found that stem extract was more
effective against the tested pathogens than leaf extract. The
root and callus extracts had no anti-bacterial activity.
According to Venkatadri et al. [34], Alkaloids, flavonoids,
tannins, and phenolic compounds are just a few of the
phytochemicals that make up medicinal plants and are what
give them their anti-bacterial properties. There have been
reports of medicinal plants having antimicrobial qualities
from all over the world. The traditional use of herbs or their
active constituents has been approved by the World Health
Organization today [35]. The most potent and most notable
anti-bacterial activity against seven bacterial strains was
seen in the methanol extract of C. viscosa, as demonstrated
[36]. The antimicrobial Test of C. viscosa's methanolic
extract revealed moderate sensitivity to gram-positive and
gram-negative bacteria [37].

5. Conclusions

Phytochemicals found in the stem, leaves, roots, and leaf
callus of Corynandra felina included alkaloids, phenols,
tannins, saponins, terpenoids, and cardiac glycosides. C.
felina stem and leaf extracts in methanol showed excellent
anti-bacterial action against pathogenic bacterial strains.
Consequently, the stem and leaves of C. felina are a
possible source of physiologically active chemical
compounds. It is also possible to carry out more studies to
learn more about the plant's lead components which are
essential for pharmaceutical use.

Acknowledgements

The authors are thankful to the head of the Botany
Department at Osmania University in Hyderabad,
Telangana, India, for giving them the resources required for
conducting the study.

REFERENCES

[1] World Health Organization (WHO).
Resistance. In: Fact Sheet No 194. 2014.

Antimicrobial

[2] Alvarez-Martinez, F. J., Barrajon-Catalan, E., and Micol, V.,
“Tackling antibiotic resistance with compounds of natural
origin: A comprehensive review”, Biomedicines. vol. 8, no.
10, pp. 405, 2020. https://doi.org/10.3390/biomedicines81
00405

[3] OlukoyaD. K, Idika N, Odugbemi T. “Antibacterial activity
of some medicinal plants from Nigeria”, Journal of
ethnopharmacology, vol. 1, no. 39(1), pp. 69-72, 1993
https://doi.org/10.1016/0378-8741(93)90051-6

[4] Ramli S, Radu S, Shaari K, Rukayadi Y. “Antibacterial
activity of ethanolic extract of Syzygium polyanthum
L.(Salam) leaves against foodborne pathogens and
application as food sanitizer”, BioMed research
international. vol. 19, pp. 17-24, 2017 https://doi.org/10.11
55/2017/9024246

[5]1 Abdullah W., Elsayed W. M., Abdelshafeek K. A., Nazif N.
M., Singab A. N., “Chemical constituents and biological
activities of Cleome genus: a brief review”, International
Journal of Pharmacognosy and phytochemical research. vol.
8, no. 5, pp. 777-787, 2016 https://www.researchgate.net/p
ublication/303033806

[6] Alamilla-Fonseca L. N., Delgado-Dom mguez J, Zamora-
Chimal J, Cervantes-Sarabia R. B., Jiménez-Arellanes A,
Rivero-Cruz JF, Becker I., “Leishmania mexicana cell death
achieved by Cleoserrata serrata (Jacg.) lltis: learning from
Maya healers”, Journal of ethnopharmacology. vol. 2, no.
11, pp. 180-187, 2018, https://doi.org/10.1016/j.jep.2017.0
9.037

[7] Patchell M. J., Roalson E. H., Hall J. C. “Resolved
phylogeny of Cleomaceae based on all three genomes”.
Taxon. vol. 63, no. 2, pp. 315-328, 2014
https://doi.org/10.12705/632.17

[8] Cochrane T.S., lltis H. H., “Studies in the Cleomaceae VII:



374

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Screening of Preliminary Phytochemicals and /n vitro Antibacterial Activity of Methanolic Extracts
of Stem, Leaf, Root and Leaf Callus of Corynandra felina (L.f.) Cochrane & Iltis

five new combinations in Corynandra, an earlier name for
Arivela”. Novon: A Journal for Botanical Nomenclature.
vol. 23, no. 1, pp. 21-26, 2014, https://doi.org/10.3417/201
3023

Hooker J. D. and Thompson T. “order XI Capparideae”. In:
J.D.Hooker, editors. The Flora of British India. London:
Reeve and Company, 1872, pp. 167-188

Sundararaghavan R. “Capparaceae”. In: B. D. Sharma and
N. P. Balakrishna, editors. Flora of India, VVol. 2. Calcutta,
West Bengal (India): Botanical Survey of India; 1993, pp.
248-335

Kundu S, R. “A compendium of Brassicaceae in Indian
subcontinent: Its distribution and endemism”, Thaiszia, vol.
17, pp. 59-95, 2007 https://www.upjs.sk/files/0e0a9a877ab
f9bd9dbc39f030436abc4.pdf

Rawat G. S. “Special habitats and threatened plants of
India”, ENVIS Bulletin: Wildlife and Protected Areas, vol.
11, no. 1, pp. 239, 2008, https://www.researchgate.net/prof
ile/Pankaj-Kumar-39/publication/229062376

Gamble J. S, Fischer C. E., “Flora of Presidency of Madras”,
London Rep. https://doi.org/10.5962/bhl.title.21628

Ainslie W. “Materia Indica vol. 2”, London (England),
Longman, Rees, Orme, Brown, and Green; 1826.

Nadkarni K, Nadkarni A. K, “Indian Materia Medica”,
Bombay, Popular Prakashan Pvt. Ltd; 1976.

Nagarajan N. S, Murugesh N, Kumaresan P. T, Radha N,
Murali A., “Antidiabetic and antihyperlipemic effects of
Cleome felina”. Fitoterapia. 2005 Jun vol. 1, no. 3, pp. 310-
315. https://doi.org/10.1016/j.fitote.2005.03.020

Joseph M, Vincent A. R., Charles A., “The anticancer
activity of ethanolic extract of Cleome felina linn”, Journal
of Pharmacy Research. vol. 8, no. 9, pp. 1223-1235, 2014.
https://www.researchgate.net/publication/305073345

Vijayashalini P., Abirami P., “Diversity of medicinal plants
in Eratti hill, Thamaraikarai beat of Bargur reserve forest,
Western Ghats in Erode district, Tamilnadu, India”. Asian J
Pharm Clin Res., vol. 11, no. 10, pp. 78-85, 2018,
https://doi.org/10.22159/ajpcr.2018.v11i10.27905

Singh C. R. “In vitro conservation, phytochemical analysis
and antimicrobial effect of leaf and leaf derived callus
extract of medicinally important Cleome felina L, Acad J
Med Plants. vol. 8, no. 4, pp. 048-055, 2020.

[Murashige T, Skoog F. “A revised medium for rapid
growth and bio assays with tobacco tissue cultures”.
Physiologia plantarum, vol. 15, no. 3, pp. 473-497, 1962
https://doi.org/10.1111/j.1399-3054.1962.th08052.x

Harborne J. B. “Phytochemical methods”, (3nd ed) London,
Chapman and Hall, 1998.

Mohamed E. A., Muddathir A. M., Osman M. A.,
“Antimicrobial activity, phytochemical screening of crude
extracts and essential oils constituents of two Pulicaria spp.
growing in Sudan”. Scientific Reports. vol. 10, no. 1, pp. 1-
8, 2020, https://doi.org/10.1038/s41598-020-74262-y

Nascimento G. G. F, Locatelli J, Freitas P. C, Silva G. L.,
“Antibacterial activity of plant extracts and phytochemicals
on antibioticresistant bacteria” Braz J Microbiol. vol. 31, no.
1, pp. 247-256, 2000, https://doi.org/10.1590/S1517-
83822000000400003

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Srinivasan D, Nathan, Suresh S. T., Perumalsamy P. L.,
“Antimicrobial activity of certain Indian medicinal plants
used in folkloric medicine”, J Ethnopharmacology. vol. 74,
no. 3, pp. 217-230, 2001, https://doi.org/10.1016/S0378-
8741(00)00345-7

Hassan A, Akmal Z, Khan N., “The phytochemical
screening and antioxidants potential of Schoenoplectus
triqueter L. Palla.”, Journal of Chemistry. pp. 1-8, 2020,
https://doi.org/10.1155/2020/3865139

Killedar S. G., More H. N. “Estimation of tannins in
different parts of Memecylon umbellatum Burm”. Journal of
Pharmaceutical Research. vol. 3, no. 3, pp.554-56, 2010.

Okwu D. E., “Phytochemical and vitamin content of
indigenous spices of South Eastern Nigeria". J. Sustain.
Agric. Environ. vol. 6, pp, 30-44, 2004.

Nyarko A. A., Addy M. E., “Effect of aqueous extract of
Adenia cissampeloides on blood pressure and serum
analytes of hypertensive patients”. Phytotherapy Research.
vol. 4, no. 1, pp. 25-38, 1990, https://doi.org/10.1002/ptr.2
650040107

Heslem E., “Plant polyphenol vegetal tannin relisted-
chemistry and pharmacology of natural products”,
Cambridge University Press, Cambridge, Massachusetts.
1989.

Han X, Shen T, Lou H., “Dietary polyphenols and their
biological significance”, International journal of molecular
sciences, vol. 12; no. 8, pp, 950-988, 2007
https://doi.org/10.3390/i8090950

Brown J. E, Rice-Evans C. A., “Luteolin-rich artichoke
extract protects low density lipoprotein from oxidation in
vitro”, Free radical research. 1998 Jan vol. 1, no. 29, pp.
247-255. https://doi.org/10.1080/10715769800300281

Krings U, Berger R. G., “Antioxidant activity of some
roasted foods”, Food chemistry. 2001 Feb vol. 1, no. 72(2),
pp. 223-229, https://doi.org/10.1016/S0308- 8146(00)0022
6-0

Trease G. E, Evans M. C., “Text book of Pharmacognosy”,
(13th ed) London, Bailiere Tindall, 1989

Venkatadri B, Arunagirinathan N, Rameshkumar MR,
Ramesh L, Dhanasezhian A, Agastian P., “In vitro
antibacterial activity of aqueous and ethanol extracts of
Aristolochia indica and Toddalia asiatica against
multidrug-resistant  bacteria’,  Indian  Journal  of
Pharmaceutical Sciences. vol. 77, no. 6, pp. 788, 2015,
https://doi.org/10.4103/0250-474X.174991

Bhalodia N. R, Shukla V. J. “Antibacterial and antifungal
activities from leaf extracts of Cassia fistula L”. An
ethnomedicinal plant”. Journal of advanced pharmaceutical
technology and research. vol. 2, no. 2, pp. 104, 2011,
https://doi.org/10.4103/2231-4040.82956

Jyothi K. S, Rao B. S., “In vitro antibacterial activity of
Cleome viscosa Linn”. Pharma Science Monitor, vol. 1, no.
2, pp. 71-78, 2010

Bose U, Bala V, Ghosh T. N, Gunasekaran K, Rahman A.
A. “Antinociceptive, cytotoxic and antibacterial activities of
Cleome viscosa leaves”, Revista Brasileira de
Farmacognosia. vol. 21, pp. 165-79, 2011. https://doi.org/1
0.1590/S0102-695X2011005000023



