EVALUATION OF ANTIOXIDANT AND XANTHINE OXIDASE
INHIBITORY POTENTIAL OF METHANOLIC ROOT EXTRACT OF
ACORUS CALAMUS- AN IN VITRO STUDY

Running title: Antioxidant and Xanthine Oxidase inhibitory potential of methanolic root extract

of Acorus calamus

Abstract:

Background: Gout is an inflammatory joint disease that elevates the uric acid levels in blood
that triggers the formation of urate crystals in the joint, especially since the past 50 years.
Xanthine oxidase catalyses oxidative hydroxylation of hypoxanthine to Xanthine to uric acid.
show it's higher in men aged above 50 years. Acorus calamus is a mid term, perennial, fragrant
herb. Therefore, the main approach for the treatment of gout is reducing uric acid.

Aim: To analyze the antioxidant and Xanthine Oxidase inhibitory potential of methanolic root
extract of Acorus calamus.

Materials and method: Preparation of methanolic root extract of Acorus calamus was done by
hot percolation method. Phytochemical screening test was done. The antioxidant activity was
carried out by DPPH radical scavenging assay. Anti gout potential of the herbal extract was
analysed by the evaluation of Xanthine oxidase inhibitory potential. The data were analyzed
statistically by a one-way analysis of variance (ANOVA) followed by Duncan’s multiple range
test to see the statistical significance among the groups. The results with p<0.05 level were
considered to be statistically significant.

Result: Methanolic root extract of Acorus calamus shows a strong presence of phytochemicals
such as alkaloids, terpenoids, steroids, saponins and flavonoids. ICsy of antioxidant potential of
Methanolic root extract of Acorus calamus was found to be 210 pg/ml. Ic 50 of xanthine oxidase
inhibitory potential of methanolic root extract of Acorus calamus was found to be 310 pg/ml.
Conclusion: Methanolic root extract of Acorus calamus exhibited significant antioxidant and
anti gout potential. Further research on the natural Xanthine oxidase inhibitors especially in vivo

studies and investigation of active compounds and its pharmacokinetics to be elucidated.
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Introduction:

Acorus calamus also known as sweet flag is a mid-term, perennial, fragrant herb. The plant’s
rhizomes are brown in colour, twisted, cylindrical, curved and shortly nodded, with radiant green
leaves, a sword-like structure, which has curvy margins and is thick in the middle (1,2). Itis a
tall wetland monocot from the family Acoraceae and species Acorus(3)

Gout is a chronic disorder or an inflammatory joint disease that elevates the uric acid levels in
blood that triggers the formation of monosodium urate crystals in the joint. It can also cause
tophi, joint deformities and kidney stones (4). Its occurrence has increased since the past 50
years, especially in developing countries (5) only 5% of the individuals who had hyperuricemia
above 9 mg/dL developed gout. Accordingly, it is proved that the incidence of gout is shared by
factors such as genetic predisposition . In India, approximately 0.3% of the population is affected
by gout, and the statistics prove that it's higher in men aged above 50 years (6).

Xanthine oxidase is an enzyme that generates reactive oxygen species that catalyses oxidative
hydroxylation of hypoxanthine and xanthine to uric acid in further oxidation ,leading to
inflammation at joints that causes severe pain,redness and soreness.(7)However, it forms uricase
which is not a functional human enzyme,as a result people can develop hyperuricemia (8).
Hyperuricemia is the key predictor for development of gout (1), it occurs when serum uric acid
levels are more than 0.42 mmol/L and the main cause is due to the unbalanced excretion and
production of uric acids, therefore the main approach for treating gout is by reducing the uric
acid production (1).

Recently it has been reported that treating gout using medicinal plants is gaining new interest (9),

due to its less side effects and lower cost (3). The synthetic drugs used in the treatment of gout
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are reported to have various side effects and cannot be used for a longer period of time(10). Our
team has extensive knowledge and research experience that has translate into high quality
publications (11),(12),(13),(14),(15),(16),(17),(18),(19),(20),(21),(22),(23),(24),(25), (26),(27),
(28), (29),(30)The aim of this current research is to validate the in vitro antioxidant and anti gout
potential of methanolic root extract of Acorus calamus.

Materials and methods

Preparation of methanolic root extract of Acorus calamus:

Acorus calamus was purchased from a herbal health care centre. Air dried,

crushed and made into powder form. Methanol was added to it. 80% of methanolic extract was
obtained. The extract was then prepared by a hot percolation method. Later it was dried and used

to analyze the antioxidant and anti-inflammatory potential(31)..

DPPH radical scavenging activity

Scavenging of 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) radicals was assessed by the method of
Hatano et al (1989). DPPH solution (1.0 ml) was added to 1.0 ml of extract at different
concentrations (0.1 to 0. 5mg/ml). The mixture was kept at room temperature for 50 minutes and
the activity was measured at 517nm. Same concentration of ascorbic acid was used as standard.
The capability to scavenge the DPPH radical was calculated and expressed in percentage (%)

using following formula:

DPPH radical scavenging (%) = Control OD - Sample OD X 100

Control OD

In vitro anti-inflammatory activity of methanolic root extract of Acorus calamus by
Xanthine oxidase inhibitory activity

The anti-inflammatory activity of methanolic root extract of Acorus calamus was studied by
using inhibition of albumin denaturation technique which was studied according to the method of
Leela Prakash and Mohan Dass, (2010). The reaction mixture consisted of 1% aqueous solution
of bovine albumin fraction and test extracts, the reaction mixture’s pH was adjusted using a little

amount of 1IN HCI. The sample extracts were incubated at 37 °C for 20 min and then heated to
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51°C for 20 min, after cooling the samples the turbidity was measured at 660nm. (UV Visible
Spectrophotometer Model 371, Elico India Ltd). The experiment was performed in triplicate.
The Percentage inhibition of protein denaturation was calculated as follows:
Percentage inhibition(%) = (Abs Control — Abs Sample) X 100 / Abs control

Statistical analysis

The triplicate analysis results of the experiments performed on control and experimented Acorus
calamus were expressed as mean + standard deviation. Results were analyzed statistically by a
two-way analysis of variance (ANOVA) and significant differences between the mean values
were measured using Tukey’s multiple range test using Graph Pad Prism version 5. The results

with the p<0.05 level were considered to be statistically significant.

Results and discussion:

Serial no. Phytochemicals Presence

1 Amino acids + +
2 Protein +

3 Alkaloids -

4 Terpenoids +

5 Steroids +

6 Carbohydrates -

7 Sapanoids +

8 Flavonoids + +

Table 1: Phytochemical screening of methanolic root extract of Acorus calamus
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Figure 1: Represents antioxidant potential of methanolic root extract of Acorus calamus by
DPPH Assay against the standard Ascorbic acid.. X-axis represents the concentration in pug/mi
while Y-axis represents the inhibitory potential of the extracts.Blue bar represents the standard —
Ascorbic acid, purple bar represents methanolic root extract of Acorus calamus.Each bar

represents Mean = SEM of 3 independent observations. Significance at p < 0.05.



Xanthine oxidase inhibitory potential of methanolic root extract of Acarus calamus
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Figure 2: Represents anti-inflammatory activity - Xanthine oxidase inhibitory potential of
Acorus calamus root ethanolic extract compared with the standard - Allopurinol. X-axis
represents the concentration in pg/ml and Y-axis represents the inhibitory potential of the
extracts.Green bar represents the standard -Allopurinol, purple bar represents methanolic root

extract of Acorus calamus. Each bar represents Mean £ SEM of 3 independent observations.

Significance at p < 0.05.

From the above study the methanolic root extract of Acorus calamus shows a presence of
phytochemicals such as alkaloids, terpenoids, steroids, saponins and flavonoids (Table 1).
Phytochemicals are secondary metabolites which are exclusively present in plants. The presence
of these phytochemicals are responsible for the medicinal property of these plant extracts. (32).
The antioxidant activity of Acorus Calamus was determined by performing the DPPH radical
scavenging assay. They are molecules possessing unpaired electrons emerging from phenolic
compounds. Plant extract with phenolic phytochemicals can scavenge the free radicals and thus
the antioxidant potential can be estimated (6). Methanolic root extract of Acorus calamus
exhibited a significant antioxidant potential and increased in a dose dependent manner as
compared to the standard. 1Csy of Methanolic root extract of Acorus calamus was found to be
210 pg/ml (Figure 1).

A dose dependent Xanthine oxidase inhibitory activity ( anti-gout) was observed for the extract

in the present study, the standard drug allopurinol showed greater percent of inhibition of
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Xanthine oxidase than the extract of the compounds with some concentration (33). ICsg of
xanthine oxidase inhibitory potential of methanolic root extract of Acorus calamus was found to
be 310 pg/ml (Figure 2) Gout is a disorder whose prevalence has increased in the last 50 years.
Reasons for the disorder can be genetic, highliving and excess alcohol consumption. The current
treatment for gout predominantly depends on synthetic drugs with serious side effects (34).
Prolonged usage of synthetic drugs can lead to adverse side effects and now research is focussed
to explore the rich phytochemicals of herbal extracts which are a part of indegenous medicine.
(35). More research and awareness has to be spread to cure the disorder instead of just managing
one. Rawlani et al (2014) has stated that conventional radiography is an effective diagnostic
method to treat chronic tophaceous gout and ultrasonography has been used recently to assist in
both diagnosing and monitoring the disease (36). Riibenthaler et al (2016) has stated that
utilizing computed tomography is associated with ionizing radiation, with a little added benefit
over ultrasonography and computed tomography, Reiser and Clevert et al (2016) stated that
magnetic resonance imaging is a great modality to image bones and soft tissues as it has less
radiation and better quality (37).The current common clinical treatments for gout are mainly self
medication and anti-inflammatory medications (NSAIDs) by (38).

Conclusion:

The bioactive compounds found in medicinal plants remain as an important component of
research for the development of new drugs with potential to fight against several diseases and
disorders. Methanolic root extract of Acorus calamus shows significant antioxidant and anti-gout
properties as compared to the standards. Hence it can be used as an antioxidant and anti gout
drug for the management of various health ailments. Further studies on the in vitro cell line and
in vivo experimental models need to be carried out in order to ascertain its potential mechanisms

of action towards the development of clinical utility.
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The study highlights the efficacy of "herbal” which is an ancient tradition, used in some
parts of India. This ancient concept should be carefully evaluated in the light of modern
medical science and can be utilized partially if found suitable.

References:

10.

Zhang W-Z. Why Does Hyperuricemia Not Necessarily Induce Gout? Biomolecules
[Internet]. 2021 Feb 14;11(2). Available from: http://dx.doi.org/10.3390/biom11020280

Acorus calamus Linn [Internet]. SpringerReference. Available from:
http://dx.doi.org/10.1007/springerreference_67975

Altaf M, Manoharadas S, Zeyad MT. Green synthesis of cerium oxide nanoparticles using
Acorus calamus extract and their antibiofilm activity against bacterial pathogens. Microsc
Res Tech [Internet]. 2021 Feb 8; Available from: http://dx.doi.org/10.1002/jemt.23724

Choi N, Yang G, Jang JH, Kang HC, Cho Y-Y, Lee HS, et al. Loganin Alleviates Gout
Inflammation by Suppressing NLRP3 Inflammasome Activation and Mitochondrial
Damage. Molecules [Internet]. 2021 Feb 18;26(4). Available from:
http://dx.doi.org/10.3390/molecules26041071

Kapoor N, Saxena S. Xanthine oxidase inhibitory and antioxidant potential of Indian
Muscodor species [Internet]. VVol. 6, 3 Biotech. 2016. Available from:
http://dx.doi.org/10.1007/s13205-016-0569-5

Dhiman P, Malik N, Khatkar A, Kulharia M. Antioxidant, Xanthine Oxidase and
Monoamine Oxidase Inhibitory Potential of Coumarins: A Review [Internet]. Vol. 21,
Current Organic Chemistry. 2017. p. 294-304. Available from:
http://dx.doi.org/10.2174/1385272820666161021103547

Wakabayashi T, Ueno S, Nakatsuji T, Hirai T, Niinomi I, Oyama S, et al. Safety profiles of
new xanthine oxidase inhibitors: A post-marketing study. Int J Clin Pharmacol Ther
[Internet]. 2021 Feb 9; Available from: http://dx.doi.org/10.5414/CP203898

Port FD, Du Port F. The Signs and Causes of Gout [Internet]. The Decade of Medicine or
The Physician of the Rich and the Poor. 1988. p. 80-80. Available from:
http://dx.doi.org/10.1007/978-3-642-73715-2_127

Wetherbee DK. Tokens of Acorus Calamus: Walt Whitman’s “Root of Wash’d Sweet-
Flag.” 1976*. 48 p.

Kamatani N. Febuxostat ; a non-purine xanthine oxidase inhibitor useful for the treatment of
gout and hyperuricemia [Internet]. Vol. 35, GOUT AND NUCLEIC ACID
METABOLISM. 2011. p. 210. Available from: http://dx.doi.org/10.6032/gnam.35.210


http://paperpile.com/b/wyeiCo/ZEuL
http://paperpile.com/b/wyeiCo/ZEuL
http://paperpile.com/b/wyeiCo/ZEuL
http://paperpile.com/b/wyeiCo/IzNc
http://paperpile.com/b/wyeiCo/IzNc
http://paperpile.com/b/wyeiCo/IzNc
http://paperpile.com/b/wyeiCo/Vzaw
http://paperpile.com/b/wyeiCo/Vzaw
http://paperpile.com/b/wyeiCo/Vzaw
http://paperpile.com/b/wyeiCo/Vzaw
http://paperpile.com/b/wyeiCo/uWlb
http://paperpile.com/b/wyeiCo/uWlb
http://paperpile.com/b/wyeiCo/uWlb
http://paperpile.com/b/wyeiCo/uWlb
http://paperpile.com/b/wyeiCo/uWlb
http://paperpile.com/b/wyeiCo/qD1X
http://paperpile.com/b/wyeiCo/qD1X
http://paperpile.com/b/wyeiCo/qD1X
http://paperpile.com/b/wyeiCo/qD1X
http://paperpile.com/b/wyeiCo/GuG8
http://paperpile.com/b/wyeiCo/GuG8
http://paperpile.com/b/wyeiCo/GuG8
http://paperpile.com/b/wyeiCo/GuG8
http://paperpile.com/b/wyeiCo/GuG8
http://paperpile.com/b/wyeiCo/wDs3
http://paperpile.com/b/wyeiCo/wDs3
http://paperpile.com/b/wyeiCo/wDs3
http://paperpile.com/b/wyeiCo/wDs3
http://paperpile.com/b/wyeiCo/cgl6
http://paperpile.com/b/wyeiCo/cgl6
http://paperpile.com/b/wyeiCo/cgl6
http://paperpile.com/b/wyeiCo/cgl6
http://paperpile.com/b/wyeiCo/x1nH
http://paperpile.com/b/wyeiCo/x1nH
http://paperpile.com/b/wyeiCo/XsKs
http://paperpile.com/b/wyeiCo/XsKs
http://paperpile.com/b/wyeiCo/XsKs
http://paperpile.com/b/wyeiCo/XsKs

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Wu F, Zhu J, Li G, Wang J, Veeraraghavan VP, Krishna Mohan S, et al. Biologically
synthesized green gold nanoparticles from Siberian ginseng induce growth-inhibitory effect
on melanoma cells (B16). Artif Cells Nanomed Biotechnol. 2019 Dec;47(1):3297-305.

Chen F, Tang Y, Sun Y, Veeraraghavan VP, Mohan SK, Cui C. 6-shogaol, a active
constiuents of ginger prevents UVB radiation mediated inflammation and oxidative stress
through modulating NrF2 signaling in human epidermal keratinocytes (HaCaT cells). J
Photochem Photobiol B. 2019 Aug;197:111518.

Li Z, Veeraraghavan VP, Mohan SK, Bolla SR, Lakshmanan H, Kumaran S, et al.
Apoptotic induction and anti-metastatic activity of eugenol encapsulated chitosan
nanopolymer on rat glioma C6 cells via alleviating the MMP signaling pathway [Internet].
Vol. 203, Journal of Photochemistry and Photobiology B: Biology. 2020. p. 111773.
Available from: http://dx.doi.org/10.1016/j.jphotobiol.2019.111773

Babu S, Jayaraman S. An update on p-sitosterol: A potential herbal nutraceutical for
diabetic management. Biomed Pharmacother. 2020 Nov;131:110702.

Malaikolundhan H, Mookkan G, Krishnamoorthi G, Matheswaran N, Alsawalha M,
Veeraraghavan VP, et al. Anticarcinogenic effect of gold nanoparticles synthesized from
Albizia lebbeck on HCT-116 colon cancer cell lines. Artif Cells Nanomed Biotechnol. 2020
Dec;48(1):1206-13.

Han X, Jiang X, Guo L, Wang Y, Veeraraghavan VP, Krishna Mohan S, et al.
Anticarcinogenic potential of gold nanoparticles synthesized from Trichosanthes kirilowii
in colon cancer cells through the induction of apoptotic pathway. Artif Cells Nanomed
Biotechnol. 2019 Dec;47(1):3577-84.

Gothai S, Muniandy K, Gnanaraj C, Ibrahim IAA, Shahzad N, Al-Ghamdi SS, et al.
Pharmacological insights into antioxidants against colorectal cancer: A detailed review of
the possible mechanisms. Biomed Pharmacother. 2018 Nov;107:1514-22.

Veeraraghavan VP, Hussain S, Balakrishna JP, Dhawale L, Kullappan M, Ambrose JM, et
al. A Comprehensive and Critical Review on Ethnopharmacological Importance of Desert
Truffles: Terfezia claveryi, Terfezia boudieri, and Tirmania nivea [Internet]. Food Reviews
International. 2021. p. 1-20. Available from:
http://dx.doi.org/10.1080/87559129.2021.1889581

Sathya S, Ragul V, Veeraraghavan VP, Singh L, Niyas Ahamed MI. An in vitro study on
hexavalent chromium [Cr(V1)] remediation using iron oxide nanoparticles based beads.
Environmental Nanotechnology, Monitoring & Management. 2020 Dec 1;14:100333.

Yang Z, Pu M, Dong X, Ji F, Priya Veeraraghavan V, Yang H. Piperine loaded zinc oxide
nanocomposite inhibits the PI3BK/AKT/mTOR signaling pathway via attenuating the
development of gastric carcinoma: In vitroandin vivostudies. Arabian Journal of Chemistry.
2020 May 1;13(5):5501-16.

Rajendran P, Alzahrani AM, Rengarajan T, Veeraraghavan VP, Krishna Mohan S.


http://paperpile.com/b/wyeiCo/cJ1ML
http://paperpile.com/b/wyeiCo/cJ1ML
http://paperpile.com/b/wyeiCo/cJ1ML
http://paperpile.com/b/wyeiCo/gZtsT
http://paperpile.com/b/wyeiCo/gZtsT
http://paperpile.com/b/wyeiCo/gZtsT
http://paperpile.com/b/wyeiCo/gZtsT
http://paperpile.com/b/wyeiCo/fNlT9
http://paperpile.com/b/wyeiCo/fNlT9
http://paperpile.com/b/wyeiCo/fNlT9
http://paperpile.com/b/wyeiCo/fNlT9
http://paperpile.com/b/wyeiCo/fNlT9
http://paperpile.com/b/wyeiCo/fNlT9
http://paperpile.com/b/wyeiCo/kL9MB
http://paperpile.com/b/wyeiCo/kL9MB
http://paperpile.com/b/wyeiCo/VBBQt
http://paperpile.com/b/wyeiCo/VBBQt
http://paperpile.com/b/wyeiCo/VBBQt
http://paperpile.com/b/wyeiCo/VBBQt
http://paperpile.com/b/wyeiCo/QmDOz
http://paperpile.com/b/wyeiCo/QmDOz
http://paperpile.com/b/wyeiCo/QmDOz
http://paperpile.com/b/wyeiCo/QmDOz
http://paperpile.com/b/wyeiCo/wqFPX
http://paperpile.com/b/wyeiCo/wqFPX
http://paperpile.com/b/wyeiCo/wqFPX
http://paperpile.com/b/wyeiCo/SOfaK
http://paperpile.com/b/wyeiCo/SOfaK
http://paperpile.com/b/wyeiCo/SOfaK
http://paperpile.com/b/wyeiCo/SOfaK
http://paperpile.com/b/wyeiCo/SOfaK
http://paperpile.com/b/wyeiCo/SOfaK
http://paperpile.com/b/wyeiCo/l3LLS
http://paperpile.com/b/wyeiCo/l3LLS
http://paperpile.com/b/wyeiCo/l3LLS
http://paperpile.com/b/wyeiCo/ydOdk
http://paperpile.com/b/wyeiCo/ydOdk
http://paperpile.com/b/wyeiCo/ydOdk
http://paperpile.com/b/wyeiCo/ydOdk
http://paperpile.com/b/wyeiCo/9eaAH

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.

33.

Consumption of reused vegetable oil intensifies BRCAL mutations. Crit Rev Food Sci Nutr.
2020 Oct 27;1-8.

Barma MD, Muthupandiyan I, Samuel SR, Amaechi BT. Inhibition of Streptococcus
mutans, antioxidant property and cytotoxicity of novel nano-zinc oxide varnish. Arch Oral
Biol. 2021 Jun;126:105132.

Samuel SR. Can 5-year-olds sensibly self-report the impact of developmental enamel
defects on their quality of life? Int J Paediatr Dent. 2021 Mar;31(2):285-6.

Samuel SR, Kuduruthullah S, Khair AMB, Shayeb MA, Elkaseh A, Varma SR. Dental pain,
parental SARS-CoV-2 fear and distress on quality of life of 2 to 6 year-old children during
COVID-19. Int J Paediatr Dent. 2021 May;31(3):436-41.

Tang Y, Rajendran P, Veeraraghavan VP, Hussain S, Balakrishna JP, Chinnathambi A, et
al. Osteogenic differentiation and mineralization potential of zinc oxide nanoparticles from
Scutellaria baicalensis on human osteoblast-like MG-63 cells [Internet]. Vol. 119, Materials
Science and Engineering: C. 2021. p. 111656. Available from:
http://dx.doi.org/10.1016/j.msec.2020.111656

Yin Z, Yang Y, Guo T, Veeraraghavan VP, Wang X. Potential chemotherapeutic effect of
betalain against human non-small cell lung cancer through PI3K/Akt/mTOR signaling
pathway. Environ Toxicol. 2021 Jun;36(6):1011-20.

Veeraraghavan VP, Periadurai ND, Karunakaran T, Hussain S, Surapaneni KM, Jiao X.
Green synthesis of silver nanoparticles from agueous extract of Scutellaria barbata and
coating on the cotton fabric for antimicrobial applications and wound healing activity in
fibroblast cells (L929). Saudi J Biol Sci. 2021 Jul;28(7):3633-40.

Mickymaray S, Alfaiz FA, Paramasivam A, Veeraraghavan VP, Periadurai ND, Surapaneni
KM, et al. Rhaponticin suppresses osteosarcoma through the inhibition of PI3K-Akt-mTOR
pathway. Saudi J Biol Sci. 2021 Jul;28(7):3641-9.

Teja KV, Ramesh S. Is a filled lateral canal — A sign of superiority? [Internet]. Vol. 15,
Journal of Dental Sciences. 2020. p. 562-3. Available from:
http://dx.doi.org/10.1016/j.jds.2020.02.009

Kadanakuppe S, Hiremath S. Social and Behavioural Factors Associated with Dental Caries
Experience among Adolescent School Children in Bengaluru City, India [Internet]. Vol. 14,
British Journal of Medicine and Medical Research. 2016. p. 1-10. Available from:
http://dx.doi.org/10.9734/bjmmr/2016/24021

Worthington OJ. The Phlobatannin of Slash Pine (Pinus Caribaea, Morelet). 1936. 252 p.

Fagugli RM, Gentile G, Ferrara G, Brugnano R. Acute renal and hepatic failure associated
with allopurinol treatment. Clin Nephrol. 2008 Dec;70(6):523-6.

Ranjana, Ranjana, Nooreen Z, Bushra U, Jyotshna, Bawankule DU, et al. Standardization


http://paperpile.com/b/wyeiCo/j0i3R
http://paperpile.com/b/wyeiCo/j0i3R
http://paperpile.com/b/wyeiCo/j0i3R
http://paperpile.com/b/wyeiCo/mAAZJ
http://paperpile.com/b/wyeiCo/mAAZJ
http://paperpile.com/b/wyeiCo/AgckZ
http://paperpile.com/b/wyeiCo/AgckZ
http://paperpile.com/b/wyeiCo/AgckZ
http://paperpile.com/b/wyeiCo/33nEN
http://paperpile.com/b/wyeiCo/33nEN
http://paperpile.com/b/wyeiCo/33nEN
http://paperpile.com/b/wyeiCo/33nEN
http://paperpile.com/b/wyeiCo/33nEN
http://paperpile.com/b/wyeiCo/33nEN
http://paperpile.com/b/wyeiCo/xDs3u
http://paperpile.com/b/wyeiCo/xDs3u
http://paperpile.com/b/wyeiCo/xDs3u
http://paperpile.com/b/wyeiCo/PBti1
http://paperpile.com/b/wyeiCo/PBti1
http://paperpile.com/b/wyeiCo/PBti1
http://paperpile.com/b/wyeiCo/PBti1
http://paperpile.com/b/wyeiCo/b9jPB
http://paperpile.com/b/wyeiCo/b9jPB
http://paperpile.com/b/wyeiCo/b9jPB
http://paperpile.com/b/wyeiCo/GLoof
http://paperpile.com/b/wyeiCo/GLoof
http://paperpile.com/b/wyeiCo/GLoof
http://paperpile.com/b/wyeiCo/GLoof
http://paperpile.com/b/wyeiCo/1a2u7
http://paperpile.com/b/wyeiCo/1a2u7
http://paperpile.com/b/wyeiCo/1a2u7
http://paperpile.com/b/wyeiCo/1a2u7
http://paperpile.com/b/wyeiCo/1a2u7
http://paperpile.com/b/wyeiCo/9HGd
http://paperpile.com/b/wyeiCo/6L9O
http://paperpile.com/b/wyeiCo/6L9O
http://paperpile.com/b/wyeiCo/kkTN

34.

35.

36.

37.

38.

and xanthine oxidase inhibitory potential of Zanthoxylum armatum fruits [Internet]. Vol.
230, Journal of Ethnopharmacology. 2019. p. 1-8. Available from:
http://dx.doi.org/10.1016/j.jep.2018.10.018

Nanda BL. DETERMINATION OF PHYTOCHEMICALS AND ANTIOXIDANT
ACTIVITY OF ACORUS CALAMUS RHIZOME [Internet]. Vol. 4, Journal of Drug
Delivery and Therapeutics. 2014. Available from: http://dx.doi.org/10.22270/jddt.v4i6.1005

Roberts CJ. The Effect of Prolonged Drug Usage on Fetal Development. An
Epidemiological Approach [Internet]. Advances in Experimental Medicine and Biology.
1972. p. 457-65. Available from: http://dx.doi.org/10.1007/978-1-4684-3219-0_39

Rawlani S, Rawlani S. Conventional Radiography [Internet]. Oral and Maxillofacial
Imaging Techniques. 2014. p. 5-5. Available from:
http://dx.doi.org/10.5005/jp/books/12342 2

Rubenthaler J, Reiser M, Clevert D-A. Diagnostic vascular ultrasonography with the help of
color Doppler and contrast-enhanced ultrasonography [Internet]. VVol. 35, Ultrasonography.
2016. p. 289-301. Available from: http://dx.doi.org/10.14366/usg.16027

Terkeltaub R. Gout. Novel therapies for treatment of gout and hyperuricemia [Internet].
Vol. 11, Arthritis Research & Therapy. 2009. p. 236. Available from:
http://dx.doi.org/10.1186/ar2738


http://dx.doi.org/10.1016/j.jep.2018.10.018
http://paperpile.com/b/wyeiCo/Njlk
http://paperpile.com/b/wyeiCo/Njlk
http://paperpile.com/b/wyeiCo/Njlk
http://paperpile.com/b/wyeiCo/Njlk
http://paperpile.com/b/wyeiCo/siVZ
http://paperpile.com/b/wyeiCo/siVZ
http://paperpile.com/b/wyeiCo/siVZ
http://paperpile.com/b/wyeiCo/siVZ
http://paperpile.com/b/wyeiCo/prn1
http://paperpile.com/b/wyeiCo/prn1
http://paperpile.com/b/wyeiCo/prn1
http://paperpile.com/b/wyeiCo/prn1
http://paperpile.com/b/wyeiCo/vPE5
http://paperpile.com/b/wyeiCo/vPE5
http://paperpile.com/b/wyeiCo/vPE5
http://paperpile.com/b/wyeiCo/vPE5
http://paperpile.com/b/wyeiCo/vtAV
http://paperpile.com/b/wyeiCo/vtAV
http://paperpile.com/b/wyeiCo/vtAV
http://paperpile.com/b/wyeiCo/vtAV

