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Abstract- Aristolochia indica, L. an Indian Birthwort is a twisting perennial plant with an ancient history of ethno-
medicinal use. The focal objective of the study intended to make accessible the contemporary information on the traditional
uses of root part (core focus), its chemical constituents, pharmacological importance, antimicrobial efficacy and DPPH
radical scavenging activity in the root extract of 4. indica. In addition, the rationale was to accentuate the prospective
uses of this plant root as a further scope of research in terms of newer phyto-medicine or as a lead factor with a configure
of functional drug. Phyto-chemical analyses were done in the root extract of A. indica, then, the buffer extraction from
roots of Aristolochia indica, L. was obtained and the protein was concentrated by adding known amount of ammonium
sulphate to the extract. Then, the extract was subjected for fractionation through sephadex G-75 Column. As per the
accomplished research literature, the diverse chemical compounds including aristolochic acids, aristolactam, phenanthrenes,
alkaloids, lignans, steroids and terpenes are revealed in the different parts of the plant. In the present study, the generated
data on phytochemical constituents were logically analyzed. Subsequently, in the protein extraction processes, three
different peaks of protein, P1, P2 & P3 were obtained and the Peak - 3 samples was subjected for refractionation through
the same column. As a result, P4, P5 & P6 were obtained and the protein of highest peak (P5) was directed to assess for
different bio-molecules like, total protein, poly phenol and total sugar. Further, the antimicrobial activity of P5 sample
which was obtained from the refractionation of Aristolochia root extract was tested against Escherichia coli strain using
disc diffusion method. It showed significant inhibitory effect as compared to the standard antibiotic Gentamycin. The
preliminary data have confirmed that the most significant activity that supports the traditional use of plant-root as a key
component in their drug formula of therapeutic system. The inclusive data pertaining to the dose of crude root extracts
and its protein component needs to be purified for ascertaining the drug functionality and its mechanism.
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IEESTTON drugs. These traditional medicinal plants are functional for
Ethno-medicinal plants are the very basis for the healing as well as for therapeutic role of many serious
accomplishment of several number of extremely efficient hyman diseases because of the presence of phyto-chemical

*Corresponding author : constituents.! Phyto-chemicals are naturally occurring in
Phone : 8095248204 the medicinal plants, leaves, vegetables and roots that have
E-mail : drgpmurthy2467@gmail.com defense mechanism and protect from various ailments and
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disorders. These active Phyto-chemical constituents are
the primary and secondary compounds and play a vital
role in preventing various diseases such as, the antidiuretic,
anti-inflammatory, anti-analgesic, anticancer, antiviral,
antimalarial, antibacterial and antifungal activities of the
medicinal plants are due to the presence of the above-
mentioned secondary metabolites.? However, ethno-
medicinal plants are used for discovering and screening of
the phyto-chemical constituents which are very much
helpful for the manufacturing of new drugs and they are
the richest bio-resource of drugs of traditional systems of
medicine, modern medicines, nutraceuticals, food
supplements, folk medicines, pharmaceutical intermediates,
and chemical entities for synthetic drugs.!*!” Plants are
naturally constructed with various other phyto-constituents
and active molecules such as vitamins, terpenoids, phenolic
acids, lignin, stilbenes, tannins, flavonoids, quinones,
coumarins, alkaloids, amines, and other metabolites, which
are rich in antioxidant activity.

The Aristolochia indica L. — an Indian Birthwort
belongs to the family Aristolochiaceae. This medicinal plant
is bitter and poisonous and generally contains alkaloids; a
few are medicinal and are formerly reputed to be useful in
the treatment of snake bites.'®!"”

Dried stem and root are used as traditional drug. It
should be used in minimal doses; the drug promotes
digestion and controls menstruation. In higher doses, it
may prove lethal. It is used as a stimulant, tonic and
emmenagogue in fever and some gynaecological problems.
In moderate doses, it is used as a gastric stimulant and in
minor ailments of children such as flatulence and dyspepsia.
Roots of Aristolochia are used for the treatment of snake
bites. The Powdered root of Aristolochia indica, L. with
honey is given for Leucoderma. The juice of the leaves is
regarded as a specific for cobra poisoning and it is also
used for cough. It is a purifier of blood and hence useful
in skin diseases.

In India, it is declared that traditional healers use 2500
plant species, and 100 species of plants serve as natural
principles of medicine. With a view to increasing the wide
range of medicinal usages, the present day entails new
drugs with more potent and desired activity with less or
no side effects against particular disease.?*?* Aristolochia
is an important genus in the family of Aristolochiaceae.
The genus Aristolochia consists of about 400 species of
herbaceous perennials, under shrubs or shrubs bearing
essential oils and is widespread across tropical Asia, Africa,

and South America. Apart from these Aristolochia species
has been used extensively in the traditional Chinese
medicine. Its diverse biological functions include
hypertension relief, leukocyte enhancement, rheumatism
relief, edema therapy, as well as analgesic and diuretic
effects.!® Various Aristolochia species have been used in
herbal medicines since antiquity in obstetrics and in the
treatment of snakebite, festering wounds, microbial
infections and tumors and they remain in use particularly
in Chinese herbal medicine.?*%

However, the ongoing growing recognition of
medicinal plants is not only due to the above reasons, but
also including an escalating faith in herbal medicine. Besides,
allopathic medicines may cure a wide range of diseases;
however, its high prices and side-effects are causing many
people to return to herbal medicines which have fewer
side effects.’ So, the instant rising demand of plant-based
drugs is unfortunately creating heavy pressure on some
selected high-value medicinal plant populations in the nature
due to over-harvesting.

Hence, keeping the above fact in consideration,
Aristolochia indica, L. —a very important ethno-medicinal
plant with a core focus on root part; was selected for
phyto-chemical analyses, and for antimicrobial activity
against Escherichia coli respectively.

MATERIALS & METHODS

The ethno-botanical survey was made at B.R Hills- a
religious hillock where the plant was collected with the
help of traditional healers and subjected for taxonomical
classification with the distinguished expert; Dr. Prasajit
Mukherjee, Plant Taxonomist, Ranchi University, Ranchi,
Jharkhand, India.

The taxonomical details*® of Aristolochia are as
follows.

Scientific classification

Kingdom Plantae

Order Piperales

Family Aristolochiaceae
Subfamily : Aristolochioideae
Genus Aristolochia
Species A. indica

Further, the study was carried out at Department of
Biotechnology, PES University (RR Campus), Bengaluru,
Karnataka, India. Some specific analysis was done at
Department of Studies in Molecular Biology, University of
Mysore, Karnataka, India.
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MATERIALS

The collected root of Aristolochia indica and its ethno-
pharmacological practices were validated with the
Government Ayurvedic Medical College, Mysore,
Karnataka. The dried root of Aristolochia indica Lin is
about 10-20 cm long and 1.5-5 c¢cm in diameter, cylindrical,

tapers. It externally appears to be grayish brown, rough
and longitudinally wrinkled and can be easily broken.!>*
Inside is starchy, exhibiting alternately greyish brown and
whitish radial lines. It is extremely bitter in taste (Plate-1a-
e). The Pure culture of Escherichia coli was obtained from
the authorized hospital, Mysore (Fig.2a & b).

PLATE-1

Fig. 1e- Showing root samples and powdered root of Aristolochia indica, L.
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Figure- 1

Fig.2a. Growth of E. coli on Nutrient Agar Medium

Bovine Serum Albumin (BSA), sodium carbonate,
copper sulphate, sodium potassium tartarate, Folin
ciocalteau reagent, phenol, sulphuric acid, gallic acid, beef
extract, yeast extract, peptone, NaCl and Agar.

Other requirements: Sephadex G-75 column from
commercial sources of reputed brand and Glass wares,
plastic wares etc. All the Chemicals used in this experiment
were of analytical grade obtained either from Merch, Sigma,
SRL, Ranbaxy, Ranchem, Glaxo, Himedia etc.
METHODOLOGY
I. Extraction from roots of Aristolochia indica, L.

Aristolochia indica, L. roots were washed, shade
dried and powdered. 50gms of powdered root was mixed
well with 200ml of 0.1M citrate phosphate buffer of pH
6.8 and left overnight at 4°C. The supernatant was
decanted. The residue was squeezed using a muslin cloth.
The liquid obtained was mixed with supernatant. Then it
was centrifuged at 5000 rpm for lhour at 4°C. The optical
density was measured at 280nm and the absorbance
spectrum was taken for the clear extract between the range
200 to 400 nm.>*!

Note: The optical density of the extract was adjusted
to approximately 1 by diluting the extract sample using
distilled water.

II. Protein extraction and purification process

Salting out of Protein

To the 100ml supernatant thus obtained, 76g of
ammonium sulphate was added to precipitate the protein

Fig.2b. Inhibitory effect of root extract of A. indica
sample against E.coli

and left overnight at 4°C. This solution was then centrifuged
at 5000rpm for 1hr at 4°C. The supernatant was discarded
and the pellet was dissolved using 50ml of distilled water.
Resolution of Aristolochia indica, L. root extract by
Gel filtration on Sephadex G-75 column

The 2ml of the concentrated protein solution obtained
after ammonium sulphate precipitation was loaded onto a
Sephadex G-75 column (1.5cm x 55cm) which was pre
equilibrated with 0.1M NaCl and the flow rate was adjusted
to 20ml/hr and 2ml fractions were collected in each tube.
The protein elution was monitored at 280nm using a
spectrophotometer.

Re-chromatography on Sephadex G-75 Column

The pooled fraction of peak III from Sephadex G-75
column was applied onto Sephadex G-75 column pre-
equilibrated with 0.1M NaCl. Elution was carried out in
the same solution. The rechromatography was carried out
at room temperature. The flow rate was adjusted to 20ml/
hr and 2ml fractions were collected in each tube.

I11. Estimation of bioactive constituents in Aristolochia
indica, L.

The root extract of Aristolochia indica, L. was
obtained using 0.1M citrate phosphate buffer of pH 6.8.
Protein was concentrated by adding known amount of
ammonium sulphate to the extract. Ammonium sulphate
precipitated A.indica, L. root extract and refractionated
sample were used for estimation of total protein®, total
sugar®® and total poly-phenol* respectively.
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IV. Determination of Antimicrobial activity

The peak III fraction of crude sample was further
re-chromatographed on Sephadex G-75 column. The
fraction obtained was tested for antimicrobial activity
against E-coli by Disc diffusion method. The concentration
of the extract used 5ug to 50pg. Gentamycin was used as
standard antibiotic in the centre of the plate (10ug).
V. DPPH free radicals Scavenging Activity

The free radicals scavenging activity of Root extract
of Aristolochia indica, L. was measured as per the standard
procedure by decreased the absorbance of test solution of
DPPH (2,2-Diphenyl-1- picryl hydrazyl). The absorbance
was determined at 517 nm and from these values
corresponding percentage of inhibitions were calculated.
Then a % inhibition was analyzed against concentration
and IC50 was calculated using the formula. The experiment
was performed in triplicate and average absorption was
noted for each concentration. The positive control, ascorbic
acid was maintained.*
VI. Statistical analysis

The data for phyto-chemical and antimicrobial
parameters were analyzed and expressed as mean + standard
deviation. The IC50 values were calculated from linear
regression analysis. Results were processed by a computer
program, Microsoft Excel (2007).

RESULTS

In the present investigation, all the obtained data are
represented in the form of plates, tables and graphs
respectively.

Plant material

The details on medicinal plant species Aristolochia
indica is explored compressively in the data base. The plant
is expansively distributed in Nepal, India, Sri Lanka and
Bangladesh respectively. The plant herb is found all over
the plains and low hilly part of India especially in tropical
and subtropical regions like BR Hills, Chamaraja Nagara
district, Karnataka and also in the low country part from
west Bihar, Orrisa, Puri, Bengal, Konkan and popular of
districts of southern India. It is reported to be endangered
species in northern part of India including Gujarat and
Rajasthan.

Phyto-chemical study

Phyto-chemicals are biologically active compounds
presents in plants used for food and medicine. Phyto-
chemical characteristics of the root extract of A. indica
investigated are summarized in Table 1. Preliminary phyto-

chemical study reveals the presence of glycosides,
carbohydrate in all the three hexane, ethyl acetate and
methanol extracts, presence of steroids in hexane ethyl
acetate and methanol extract, presence of flavonoids and
terpenoids in hexane and methanol extract, presence of
tannins and phenol in methanol extract, presence of
coumarins in hexane extract followed by absence of
quinones, cardiac glycosides, anthraquinones, alkaloids,
saponins, and protein respectively. All the extracts were
subjected to further analytical tests for the quantification
of phyto-chemical constituents.*!?
Table 1. Phyto-chemical analysis in root extract of
Aristolochia indica Linn.

Ethyl
acetate]

Phyto-
chemicals
Protein
Carbohydrates
Coumarins
Carotenoid
Steroids
Quinones
Phenols
Terpenoids
Tannins
Anthraquinone
Flavonoids
Alkaloids
Glycosides

+: Present, -: Absent

Aqueous Hexane | Methanol

+

+

+

4+ 11
++[+[+]
'

+]+]+]
1
1

1
+
+++]

++]+]+]+]
1
+ 1
+ |1

+
+
+

Estimation of Protein

The total protein content of the sample was estimated
by method of Lowry et al., (1951)* using Bovine Serum
Albumin (BSA) as standard reference. 20ul of the
ammonium sulphate precipitated sample yielded 39.87ug
of protein. 1 ml of sample contains 1993.5 pg or 1.993mg
of protein. 2ml of the sample with protein concentration
of 3.986mg was loaded on to Sephadex G-75 column.
About 2001 of PS5 sample was estimated for total protein
which yielded 17.25ug of protein (Graph 1).

Estimation of Total Protfeins by Lowry’s method

OD at 660 mm

0 T T T d
0 15 30 45 60 75

Concentration of proteins in pg
Graph - 1 Showing total content of Protein in root extract
of Aristolochia indica, L.
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Estimation of total sugar

The total sugar concentration was estimated by Dubois
method* using glucose as standard reference. The total
sugar content of the ammonium sulphate precipitated protein
extract was found to be 690ug/ml. (Graph - 2).

Estnation of Total Sugars by Dubois Method

0.2 q

016 4
+ D-Glucose

L aA=13.8p¢

0D at 520 non

0.05 q

0.04 4

0 ll2 2I4 BIG 4I8 EIU

Concentration of D-Ghicose in p g
Graph - 2 Showing total content of Sugars in root extract
of Aristolochia indica, L.

Estimation of total polyphenol

Total content of phenolics was determined according
to the method of Folin ciocalteau reaction* with minor
modifications, using gallic acid as standard. The polyphenol
content of the ammonium sulphate precipitated protein
extract was found to be 212.5ug/ml. The protein content
of'the P3 sample resulted in net yield of 180.5ug/ml (Graph
-3).

Estimation of total pelyphenols by Eujala method

0.7
08 /
g 4
05
o B ‘;/
ful 04 + Gallic acid
a 0.3 A= 25 Me
o B=
0 36lpg
0.1
0 T T T T d
0 1 2 £l 4 5

Concentration of gallic acd n ¢

Graph -3 Showing total content of Polyphenols in root
extract of Aristolochia indica, L.

Extraction of protein

Root extract of Aristolochia indica. L was obtained
using 0.1M citrate phosphate buffer of pH 6.8 (Plate-1e).
The protein was concentrated by adding known amount
of ammonium sulphate to the extract. Ammonium sulphate
precipitated A. indica root extract was fractionated through
Sephadex G-75 column.

Fractionation of the ammonium sulphate precipitated
A. indica root extract through Sephadex G-75 column

(Graph - 1) resolved into three peaks namely; P1, P2 and
P3. The peak obtained could probably indicate mixture of
proteins or proteins with many subunits. Fractions number
23 and 24 were pooled separately and re-fractionated
through Sephadex G-75 (Graph 4). Re-fractionation of
fraction no. 23 and 24 yielded 3 major peaks labeled Peak
4 (P4) Peak 5 (P5) Peak 6 (P6) (Graph -5).

Separation of plant protein by sephadex G-75 column
(Root extract)

15 1
14 1
1.2 1
P2
08
0.6
04 4
02

Optical density at 280nm

13 5 7 911131517 19 21 23 25 27 29 31 33 35 37
Fraction number
Graph -4 Sephadex G 75 column chromatography of
ammonium sulphate precipitated’ A. indica root extract

Separation of plant protein by sephadex G-75 column
( Peak lll sample)
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m
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@

0.08 §

13 5 7 9 1113151718 21 2325 27 29 31 33 35 37
Fraction number

Graph - 5 Re-chromatography of P3 sample on Sephadex G
-75 Column

Antimicrobial activity

Anti-microbial activity of PS5 sample which was
obtained from the refractionation of Aristolochia indica,
L. root extract was tested against E.coli strain by Disc
diffusion method.

2,4,6,8,10.12,14 pl of samples showed 0, 12, 13,
14, 15, 16, 29mm diameter of zone of inhibition respectively
(Table 2). Antibiotic Gentamycin showed 26mm diameter
of zone of inhibition. Thus, it was seen that Root extract
of Aristolochia indica showed significant inhibitory effect
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compared to antibiotic Gentamycin i.e., 29mm in sample-
7 compared to sample-8 (gentamycin) The IC50 value was
found to be most significant (Fig- 2b and Table-2).

Table 2. Antimicrobial activity of root extract of
Aristolochia indica, L. against E.coli

Sl Amount of Zone of inhibition
No. sample added (Diameter in mm)

1 2 ul 0.0

2 4 ul 12.0

3 6 ul 13.0

4 8 ul 14.0

5 10 pl 15.0

6 12 pl 16.0

7 14 pl 29.0

8 Gentamycin 26.0

DPPH free radical scavenging activity:

Aqueous root extract of the Aristolochia indica (L)
displayed significant antioxidant activity where the IC50
was 26.14 mg/mL, against DPPH free radical was recorded
through standard calibrations (Table 3).

Table 3. Analysis of Antioxidant activity of Aristolochia

indica, L
Extract Concentration | Inhibition | IC50
Sample (ug/mL) (%) (ng/mL)
Root aqueous 5 2+0.016
extract of 10 1+0.014
Aristolochia 25 144+0.035
indica, L 50 3240.031 186.46
75 66+0.038
100 85+0.044
5 18+0.015
Standard 10 41+0.020
Ascorbic acid 25 62+0.024 8.2
50 96+0.048
75 97+0.042
100 96+0.056
DISCUSSION

Even though, the pharmacological industries have
produced a number of new antibiotics in the last three
decades, resistance to these drugs by microorganisms has
been increased. In general, bacteria have the genetic ability
to transmit and acquire resistance to drugs, which are
utilized as therapeutic agents.'#?83 The use of plant extracts
with known antimicrobial properties can be of great
significance in therapeutic treatments. Thus, according to
the present investigation, Aristolochia indica, L. plant root
can be used as an antimicrobial agent against E.coli. This

has been supported by Shafi et al., (2002)*; Konning et
al., (2004)"; Kumar et al., (2011)%.

The roots of Aristolochia indica, L. have been found
to contain - an alkaloid, aristolochine, C _H  O,N, a yellow
bitter principle isoaristolochic acid C .H, O.N and allantoin
and thus, the presence of above constituent might have
influenced the antimicrobial activity and also as a therapeutic
agent.’

In the present investigation, the samples were obtained
from the re-fractionation of root extract through Sephadex
G- 75 column. The sample contained 86.25ug /ml of
protein, 690.0 pg /ml of total sugar and 180.5pg/ml of
poly phenols. The root extract of Aristolochia indica, L.
showed significant inhibitory effect compared to antibiotic
Gentamycin. It also showed different inhibitory effect at
different concentrations. This is in accordance with the
earlier reports of Almagboul et al., (1985)!; Arora and
Bharadwaj (1987)% Mau et al., (2001)?°; Prashanth Kumar
et al., (2006)'* and Panduranga Murthy et al., (2011)¥.

Phyto-chemical screening shows that flavonoids
content is significantly superior in root of Aristolochia
indica. Polyphenolic compounds, like flavonoids, tannins
and phenolic acids have the antioxidant activity. Antioxidant-
based drug formulations are used for the prevention and
treatment of complex diseases like atherosclerosis, stroke,
diabetes, Alzheimer’s disease and cancer.?* An antioxidant
is any substance that, when present at low concentrations
significantly prevents oxidation of cell content like protein,
lipid, carbohydrates and DNA. The presence of bio-
molecules like protein, sugar and phenols in the root extract
of Aristolochia indica, L. indicates the efficacy of bioactive
constituents and thus inhibits the growth of E.coli.

SUMMARY & CONCLUSION

Plants and their compounds with anti-inflammatory
and anti-hepatotoxic properties are known to neutralize
microbes. Aristolochia indica possesses both these
properties and hence was studied for antimicrobial property
against E.coli, followed by DPPH radical scavenging
activity.

Plant root extract was obtained from 0.1M citrate
phosphate buffer of pH 6.8. To the root extract obtained,
known amount of ammonium sulphate was added in order
to salt out the protein. The concentrated protein solution
obtained after ammonium sulphate precipitation was passed
through Sephadex G-75 to separate the molecules based
on their molecular mass. It resolved into three peaks namely
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P1, P2 & P3. The peak-3 sample was again subjected for
re-fractionation through the same Sephadex G-75. It
resolved into three peaks. Third peak (P5) sample which
was found to contain homologous protein was tested for
antimicrobial activity against E.coli by disc diffusion
method. It reveals that, when compared to the standard
antibiotic, Gentamycin, the inhibitory effect of root extract
of Aristolochia indica, L. has been observed and was
significantly superior over antibiotic treatment. Besides,
other biomolecules like, total Protein, total sugar and
Polyphenol content was estimated by Lowry, Dubois and
Kujala method respectively.

It can be concluded that, the extract of root protein
of Aristolochia indica, L. showed better Antimicrobial
activity against E.coli and exhibited significant antioxidant
activity. The presence of bioactive molecules in the plant
root validate that it may be a good source of cancer
chemotherapeutic agent. Hence, further research is also
requisite at isolation of lead constituents and detection in
line with molecular level to confirm all the parameters
studied.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.
ACKNOWLEDGEMENT

The authors express sincere gratefulness to the
authorities of DOS in Molecular Biology, University of
Mysore (Karnataka) and PES University (RR Campus),
Bengaluru, Karnataka, India for providing necessary
facilities to carry-out of the Research work. Authors are
also grateful to Dr. Prasanjit Mukherjee, for providing
taxonomical citations to the plant collected from both
regions, Ranchi (Jharkhand State) and BR Hills (Karnataka).

REFERENCES

1. Ahmed, F., Shahid, L. Z., Razzak, M. A., Rahman, M.
M., Hoque, T., Rahman, M. T., & Sadhu, S. K. 2006.
Free radical scavenging activity of some Mangroves
available in Bangladesh. Advances in Traditional
Medicine, 6(1): 58-64.

2. Almagboul, A. Z., Bashir, A. K., Farouk, A., & Salih,
A. K. M. 1985. Antimicrobial activity of certain
Sudanese plants used in folkloric medicine.
Screening for antibacterial activity (IV). Fitoterapia,
56(6): 331-337

3.

10.

11.

12.

Andrews, P. 1964. Estimation of the molecular
weights of proteins by Sephadex gel-filtration.
Biochemical Journal, 91(2): 222.

Angalaparameswari, S., Mohamed Saleem, T. S.,
Ramkanth, S.,
Thiruvengadarajan, V. S., Gnanaprakash, K., ... &
Pratheesh, G. 2011. Anti-microbial activity of
aristolochic acid from root of Aristolochia bracteata
Retz. Int J Med Hea Biomed Bioeng Pharm Eng, 5:
461-464.

Alagusundaram, M.,

Arora, D. S. & 1. Bhardwaj. 1997. Antibacterial
activity of some medicinal plants. Geo. Bios, 24: 127-
131.

Artizzu, N., Bonsignore, L., Cottiglia, F., & Loy, G
1996. Studies on the diuretic and antimicrobial
activity of Cymnodon dactylon essential oil.
Fitoterapia, 67(2): 174-176

Basudeb Achari., Chakrabarty, S., & Pakrashi, S.
C. 1981. An N-glycoside and steroids from
Aristolochia indica. Phytochemistry, 20(6): 1444-
1445.

Das, R., Kausik, A., & Pal, T. K. 2010. Anti-
inflammatory activity study of antidote Aristolochia
indica to the venom of Heteropneustes fossilis in
rats. J Chem Pharm Res, 2(2): 554-562.

Dharshini, R., Harshini, M., Akash, C., &
Mohammed Yaser, V. P. N. Ramu G, Dhanabal S. P.
2022. Ethnobotanical, Phytochemical and Biological
Properties of Aristolochia indica leaf. Pharma-
ceutical Sciences 2(01):1-9.

DuBois, M., Gilles, K. A., Hamilton, J. K., Rebers,
P. T., & Smith, F. 1956. Colorimetric method for
determination of sugars and related substances.
Analytical chemistry, 28(3): 350-356.

Farooquee, N. A., Majila, B. S., & Kala, C. P. 2004.
Indigenous knowledge systems and sustainable
management of natural resources in a high-altitude
society in Kumaun Himalaya, India. Journal of
Human Ecology, 16(1): 33-42.

Gupta, M., Mazumdar, U. K., Sivahkumar, T., Vamis,
M. L. M., Karki, S., Sambathkumar, R., &
Manikandan, L. 2003. Antioxidant and anti-
inflammatory activities of Acalypha fruticosa.




Murthy et al.- Phyto-chemical analyses and antimicrobial activity in partially purified protein derived from roots of
Aristolochia indica L. : An Indian Birthwort being practiced in the Traditional Medicine System

13.

14.

15.

16.

17.

18.

19.

20.

21.

Nigerian Journal of Natural Products and
Medicine, 7: 25-29.

Hossen, S. M., Hossain, M. S., Islam, J., Pinto, M.
N., Jannat, N. E., & Ahmed, F. 2014. Comparative
preliminary phytochemical and biological
investigations on Andrographis paniculata (Nees)
and Aristolochia indica (Linn). Der Pharma

Chemica, 6: 332-8.

Izzo, A.A.; Di Carlo, G.; Biscardi, D.; Fusco, R.;
Mascolo, N.; Borreli, F. & Jablonski D. 2004.
Extinction: past and present. Nature 427:589.

Janani, N., & Revathi, K. 2018. /n vitro evaluation
of Aristolochia indica for its anti-inflammatory,
antidiabetic and anticancer efficacy. International

Journal of Current Research in Medical Sciences,

4(6): 23-30.

Kala, C. P. 2004. Revitalizing traditional herbal
therapy by exploring medicinal plants: A case study
of Uttaranchal State in India. In Indigenous
knowledges: Transforming the academy,
proceedings of an international conference (pp. 15-

21). Pennsylvania: Pennsylvania State University.

Kala, C. P. 2005. Current status of medicinal plants
used by traditional Vaidyas in Uttaranchal state of
India. Ethnobotany Research & Applications. 3:
267-278

Khalipha, A. B. R., Ahmed, F., & Rahman, M. M.
2012. Antioxidant and antidiarrhoeal potentiality of
Diospyros blancoi. International Journal of
Pharmacology, 8(5): 403-409.

Konning, G. H., Agyare, C., & Ennison, B. 2004.
Antimicrobial activity of some medicinal plants from
Ghana. Fitoterapia, 75(1): 65-67.

Kujala, T. S., Loponen, J. M., Klika, K. D., & Pihlaja,
K. 2000. Phenolics and betacyanins in red beetroot
(Beta v ulgaris) root: Distribution and effect of cold
storage on the content of total phenolics and three
individual compounds. Journal of agricultural and
food chemistry, 48(11): 5338-5342.

Kumar, M. S., Rajeswari & Astalakshmi, N. 2011.
Evaluation of antimicrobial activities of Aristolochia
indica (Linn). International Journal of Pharmacy
and Pharmaceutical Science, 3(4): 271-272.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Kumarasamy, Y., Cox, P. J., Jaspars, M., Nahar, L.,
& Sarker, S. D. 2002. Screening seeds of Scottish
plants for antibacterial activity. Journal of ethno
pharmacology, 83(1-2): 73-77.

Lerma-Herrera, M. A., Beiza-Granados, L., Ochoa-
Zarzosa, A., Lopez-Meza, J. E., Navarro-Santos, P.,
Herrera-Bucio, R., ... & Garcia-Gutiérrez, H. A.
2022. Biological activities of organic extracts of the
genus Aristolochia: A review from 2005 to 2021.
Molecules, 27(12): 3937.

Lowry, O. H., Rosebrough, N. J., Farr, A. L., &
Randall, R. J. 1951. Protein measurement with the
Folin phenol reagent. J biol Chem, 193(1):265-275.

Mau, J. L., Chen, C. P., & Hsieh, P. C. 2001.
Antimicrobial effect of extracts from Chinese chive,
cinnamon, and corni fructus. Journal of agricultural
and food chemistry, 49(1): 183-188.

Mohammed Faisal., Bairy Sridhar, K. N., &
Sudhakara, R. M. 2015. Pharmacognostical,
phyotochemical and toxicity profile of flower of
Ishwari-Aristolochia indica Linn. The Journal of
Phytopharmacology, 4(3): 133-8.

Niir Board. 2004. Handbook on Herbs cultivation
and Processing, Asia Pacific Business Press, 2004:
50-54.

Panduranga Murthy, G., Mokshith, M. C., &
Ravishankar, H. G. 2011. Isolation, partial purification
of protein and detection of Antibacterial activity in
leaf extracts of Tephrosia cinerea (L.) Pers.-An
Ethno-medicinal plant practiced by Tribal activity at
Biligirirangana Hills of Karnataka, India. Internation
Journal of Pharma & Biosciences, 2(3): 513-519.

Prajapati N. D., Purohit S. S., Sharma A. K. &
Kumar T. 2003. A Handbook of Medicinal Plants.
Jodhpur: Agrobios (India).

Prashanth Kumar, V., Chauhan, N. S., Padh, H., &
Rajani, M. 2006. Search for antibacterial and
antifungal agents from selected Indian medicinal
plants. Journal of ethnopharmacology, 107(2): 182-
188.

Rajanna, L., Sharma, G.S.S. 2017. In vitro

antimicrobial efficacy of Aristolochia indica Linn:




32.

33.

34.

35.

Biospectra : Vol. 19(2), September, 2024

St SIrntornational B

ITR.L
'@7

/ %
of

/ o/%%& Sotences

an important medicinal plant. Research and Reviews:
Journal of Botany, 6(3): 1-6.

Rao, M. R., Palada, M. C., & Becker, B. N. 2004.
Medicinal and aromatic plants in agroforestry
systems. In New Vistas in Agroforestry: A
Compendium for 1st World Congress of Agroforestry,

2004 (pp. 107-122). Springer Netherlands.

Sarma, B., Baruah, P. S., & Tanti, B. 2018. Habitat
distribution modeling for reintroduction and
conservation of Aristolochia indica L.-a threatened
medicinal plant in Assam, India. Journal of
Threatened Taxa, 10(11): 12531-12537.

Shafi, P. M., Rosamma, M. K., Jamil, K., & Reddy, P.
S. 2002. Antibacterial activity of the essential oil
from Aristolochia indica. Fitoterapia, 73(5): 439-
441.

Smita Gautam and Y.K. Bansal. 2022.
Phytochemical Estimation and Antibacterial

Screening of Leaf Extract of Aristolochia indica Linn.

36.

37.

38.

Journal of Emerging Technologies and Innovative
Research., 9(10):98-104.

Sudhakaran, M. V. 2014. Pharmacognostic and
HPTLC Fingerprint Profile of the Root of Aristolochia
indica Linn. and Quantification of the Marker
Compound. European Journal of Medicinal Plants,
4(9): 1113-1124.

Tayee Sarkar Das., Latha, R., & Agastian, P. 2016.
Evaluation of Aristolochia bracteolata Linn. for
antimicrobial activity, a-glucosidase inhibition, and
its phytochemical constituents. Evaluation, 9(1):
102-107.

Yasmin, F., Hossain, M., Karim, R., Sarder, Md. M.
2016. Antibacterial and anthelmintic effects of
ethanolic leaf extract of Aristolochia indica L.
Bioscience and Bioengineering Communications,

2(1): 61-66.




