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Abstract :
Introduction: GOUT is a form of arthritis characterised by severe pain, redness, tenderness in joints. In gout,
elevation of uric acid in the blood triggers the formation of crystals, causing joint pain. India is a country that is
rich in  medicinal  plants.  Therefore  its  flora  might  offer  promising therapies  for  gout.  Neem and Tulsi  exhibit
xanthine  oxidase  inhibitory  activity.  Neem  and  Tulsi  have   natural  bioactive  compounds  which  include
flavonoids, proteins, amino acids, terpenoids, alkaloids, carbohydrates, saponins, steroids.
Aim : Aim of this study is to estimate the anti gout activity of aqueous extract of selected medicinal plants with
standard drug (allopurinol).
Materials and methods :  Phytochemical screening and anti gout activity of Neem and Tulsi were analysed and
comparison with standard drug (allopurinol) is also done .
Results :  NEEM and TULSI extract  shows an increase in xanthine oxidase inhibition in tested concentration.
Phytochemical analysis showed that neem contains proteins, amino acids, flavonoids, alkaloids, carbohydrates,
saponins and tulsi contains terpenoids, flavonoids , alkaloids, carbohydrates, steroids.
Conclusion:  From  this  study  it  is  concluded  that  medicinal  plants  like  Neem  and  Tulsi  exhibit  anti  gout
activity.The standard drug allopurinol showed greater percentage of inhibition of xanthine oxidase enzyme than
that  of tulsi , neem extracts in all given tested concentrations.

Keywords:  Preliminary  phytochemical  analysis  ,  Antigout  activity  ,  Innovative  technique,  Aqueous  extract,
Neem, Tulsi, novel method
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Introduction  :
      Gout incidence has increased over the past 50 years, especially in developing countries (1). Gout is a type of
inflammatory  arthritis  triggered  by  interactions  of  monosodium  urate  crystals  and  tissue(2)).xanthine  oxidase
catalyses the oxidative hydroxylation of hypoxanthine to xanthine to uric acid, leading to painful inflammation
(3).Gout has also been reported to cause joint deformities and kidney stones(4)).
     Hyperuricemia  ,  major  etiological  factor  of  gout,  develops  either  due  to  overproduction  caused  by  a
metabolic disorder or due to under excretion of blood uric acid due to abnormal renal urate transport activity(5)
).Several risk factors for the development of gout have been established including hyperuricemia, age, genetic
factors,  dietary  factors,  alcohol  consumption,  metabolic  syndrome,  hypertension,  obesity,  diuretic  use,
cholesterol level, chronic renal diseases.(6)
      Several  drugs  have  been  approved  for  the  treatment  of  gout  ,  including  colchicine,  steroids,  non-steroidal
anti  -  inflammatory  drugs,  inhibitors,  allopurinol.  Although  these  agents  are  effective  ,  they  also  cause  side
effects  such  as  skin  allergies,  fever,  rashes,  renal  dysfunction,  aseptic  meningitis  and  hepatic  dysfunction(7).
Recently  treating  disease  using  medicinal  plants  is  gaining  new interest  and research  on  medicinal  plants  has
increased  worldwide  due  to  fewer  side  effects  and  lower  cost(8).  India  is  a  country  that  is  rich  in  medicinal
plants. The 2 important medicinal plants in India are Neem and Tulsi which is used in the treatment of gout.(9)
         Tulsi  is  a  traditional  plant  which  is  widely  used  as  a  herbal  tea,  commonly  used  in  ayurveda  .  Tulsi
promotes  a  healthy  heart,  anti  aging,  treats  kidney  stones,  relieves  headache,  fights  acne,  relieves  fever,  eye
health and oral health.(10) It has anti-inflammatory properties. It lowers rheumatoid arthritis. Chewing of tulsi
cures cold , cough , sore throat.(11)
         Neem  is  an  antifungal,  anti  diabetic,  anti  bacterial,  contraceptive  sedative.  Neem  products  are  used
selectively in controlling pests in plants .  Neem is considered a part of ayurvedic medicine. All parts of neem
are used for preparing many different medicines especially for skin disease((12).  Neem leaves are used in the
treatment of leprosy, eye disorders, bloody nose, skin ulcers, cardiovascular disease, diabetes , liver problems.
The leaf is also used for birth control and to cause abortions. Our team has extensive knowledge and research
experience  that has translate into high quality publications (13),(14),(15),(16),(17),(18),(19),(20),(21),(22),(23),
(24),(25),(26),(27),(28),(29),(30),(31),(32)

         The aim of the study is to estimate the anti gout activity of aqueous extract of selected medicinal plants (
neem, tulsi ) with standard drug (allopurinol).

Materials and methods:
Phytochemical screening test :
 Test for phlobatannin:
      1  ml  of  extract  was  treated  with  1ml  of  1%  of  HCL  and  boiled  for  10min  the  formation  of  red  colour
precipitate indicates the presence of phlobatannin 
Test for carbohydrates:
      3 to 5 drops of molisch reagent was added with 1 ml of the extract concentrated. Sulphuric acid was added
carefully through the side of the test tube. The mixture was allowed to stand for 2 minutes and diluted with 5ml
of distilled water. The development of red or dull violet ring at the junction of the liquid showed the presence of
carbohydrates
Test for flavonoids:
      Few drops  of  1% liquid  ammonia  were  taken  in  a  test  tube  and  along  with  1ml  of  the  extract  was  added
resulting in the formation of yellow color thereby indicating the presence of flavonoids.
Test for alkaloids:
     2ml of sample was mixed with 2ml of HCL and then 6 drops of HCN was added further 2 drops of picric
acid was added that resulted in a creamish pale yellow ppt indicating the presence of alkaloids.
Test for terpenoids:
      2ml  of  sample  along  with  2ml  of  chloroform  and  3ml  of  conc  H2SO4  was  added  .  The  red  colour  ppt
obtained indicates the presence of terpenoids.
Test for proteins:
     1mm of ninhydrin was dissolved in 1ml of acetone and the small amount of extract was added with anhydrin.
The formation of purple colour revealed the presence of proteins.
Direction of saponins:
     FOAM TEST - a fraction of the extract was vigorously shaken with water and observed for persistent foam.
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Test for steroids :
      1 ml  of  chloroform was  mixed  with  1ml  of  extract  and  then  10  drops  of  acetic  anhydride  and  5  drops  of
concentrated  sulphuric  acid  were  mixed.  The  formation  of  dark  red  colour  or  dark  pink  colour  indicates  the
presence of steroids.

Invitro xanthine oxidase inhibitory  activity of Neem  and  Tulsi extract :
      In  vitro  xanthine  oxidase   inhibitory  activity  of  the  extract  was  assessed  as  per  the  method  of  (14,  15).
Briefly the assay mixture consisted of 1ml of the fraction (0.1 to 0.5g/ml),  2.9ml/g phosphate buffer (pH 7.5)
and 0.1ml of xanthine oxidase enzyme solution (0.1 units/ml in phosphate buffer pH 7.5) which was prepared
immediately before use. After pre-incubation at 25c from 15 mins , the reaction was initiated by the addition of
2ml of substrate solution (150 M xanthine in the same buffer). The assay mixture was incubated at 25c for 30
mins.  The  reaction  was  then  stopped  by  addition  by  1ml  of  1N  hydrochloric  acid  and  the  absorbance  was
measured at 290mm using a spectrometer. Allopurinol (0.1 to 0.5mg/dl) a known inhibitor of xo is defined as
the amount of enzyme required to produce 
1 mm of the uric acid 1 min at 25c. Xol activity was expressed as the percentage inhibition of xo in the above
assay calculated as percentage of inhibited as follows:
             Inhibitory activity (%) = (1- AS/AC)*100 where 
             AS - Absorbance in presence of test substance.
             AC - Absorbance of control.
Statistical analysis  :
          The data were subjected to satisfied analysis using one way analysis of variance (ANOVA) and Duncan's
multiple  range  test  to  assess  the  significance  of  individual  variations  between  the  groups.  In  Duncan's  test
significance was considered at the level of p<0.05.

Results:
          The main constituents found in the extract were flavonoids , phenols, coumarins, steroids , terpenoids and
quinones. Secondary metabolites such as alkaloids, quinones and phenols present in neem, tulsi extract showed
it is effective in treating various disorders. 
The results of qualitative phytochemical analysis of neem and tulsi extract are given in the below given table .
The results revealed  the presence of terpenoids, alkaloids, carbohydrates, steroids in tulsi extract and protein,
amino acid , alkaloids , saponins, carbohydrates in neem extract.

phytochemical Neem Tulsi

Protein + -

Amino acid + -

Terpenoids - +

Flavonoids + +

Alkaloids + +

Carbohydrates + +

Saponins + -

Steroids - +

Table 1: represents qualitative phytochemical analysis of neem and tulsi extract .
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Figure 1 : represents Anti gout activity of aqueous extract of selected medicinal plants
( Tulsi ). Each bar represents  ±  mean SD of three independent observations. Significance at the level of P<0.05

Figure 2 : represents Anti gout activity of aqueous extract of selected medicinal plants
(Neem  )  .  Each  bar  represents   ±   mean  SD  of  three  independent  observations.  Significance  at  the  level  of
P<0.05



International Journal of Early Childhood Special Education (INT-JECSE)
ISSN:1308-5581 Vol 14, Spl Issue 01, 2022

46

         As  dose  dependent  xanthine  oxidase  inhibitory  activity  was  observed  for  the  extracts  and  drug.  In  the
present  study  ,  the  standard  drug  allopurinol  showed  greater  percentage  of  inhibition  of  xanthine  oxidase
enzyme than that  of tulsi , neem extracts in all given tested concentrations.
          Neem extracts  showed  increased  xanthine  oxidase  inhibition  than  the  tulsi  in  all  tested  concentrations.
(Graph 1 & 2) Allopurinol is the standard drug used for the treatment of gout.
The result revealed that standard drug allopurinol is the most important potential drug of all the three bioactive
molecules observed in the study. The neem extract has more potential than tulsi.The presence of phytonutrients
like  terpenoids,  flavonoids,  carbohydrates,  steroids  which  was  present  in  neem  and  tulsi  extract  might  have
resulted in xanthine oxidase inhibitory activity.
 
Discussion :
         xanthine oxidase inhibition assay is  considered a gold standard to study anti  gout  potential  of  medicinal
plants (  neem and tulsi  )  .  Some plants and their  phytochemicals are worthy of exploration as they can act as
xanthine oxidase inhibitors. These compounds are also safe if taken in the appropriate amount and have less side
effects.  The different parts of the same plants can contribute differently to effect on uric acid levels ,which was
shown in some previous studies ((33)
           Medicinal  plants  contain  many  bio  active  and  antioxidants  that  can  be  used  as  alternative  medicine  to
treat gout . Approximately  65% - 80% of people in developing countries use plants as remedies. Plants are also
an important source of medicine in all the countries. (34)
             Method of extraction is considered an important factor that affects xanthine oxidase inhibition . Based
on  the  results  of  xanthine  oxidase  inhibitory  analysis  neem  and  tulsi  showed  85%  activity.  Ic50  values  ,  the
concentration at which half the xanthine oxidase activity is inhibited, were determined in some previous studies
(35)(36).  Phytochemical  screening  of  the  extracts  also  revealed  their  major  constituents  which  includes
alkaloids, flavonoids and saponins that may act as xanthine oxidase inhibitors (37).
           Allopurinol  is  the  standard  drug  and  common  drug  used  in  the  treatment  of  gout  approved  by  the  US
FDA  for dose upto 800 mg/d(7)).  In this study the plant extracts are compared with standard drugs and found
to  have  efficient  xanthine  oxidase  inhibitory  potential.   Furthermore  ,  for  anti  gout  there  is  a  very  limited
number of  clinical  studies  especially for  xanthine oxidase inhibitor  mechanisms  .  Many pharmacologists  and
clinical  investigators  conducted  larger  randomized  clinical  trials  for  a  long  time  in  order  to  determine  the
efficiency  of  plant  based  drugs  in  the  treatment  of  gout.  The  dose  of  the  plant  extract  ,  method  of  extract
preparation and extraction solvent must also be taken in consideration for further studies.

Limitations of study:
        Active compounds can be isolated and experimental analysis can be done .

Future scope:
        As most of the people need to know about anti gout activity of Neem and Tulsi extract. It is more advisable
to do more comparisons between medicinal plant extract and standard drug to know which are all the medicinal
plants that  exhibit anti gout activity through which many of the drugs can be developed for treatment of gout.

Conclusion:
          From  this  we  may  conclude  that  aqueous  extract  of  neem  and  tulsi  exhibits  anti  gout  activity.  Further
invivo  studies  and  detailed  molecular  mechanisms  may  be  required  for  developing  these  extracts  into
commercially available drugs for treatment of gout.

Acknowledgement:
         We extend our  sincere  thanks  to  Saveetha  Institute  of  technical  and Medical  Sciences  for  their  constant
support and encouragement.

SOURCE OF FUNDING
The present project  is  supported by
● Saveetha Dental College, 
● Saveetha Institute of Medical and Technical Science, Saveetha University
● S3 METETA Technologies Pvt Ltd. 

Author contribution:
          Ms.Srivarsha Ranjeet : Literature search , survey , data collection , analysis , manuscript writing.
           Dr.V.Vishnupriya, Dr.R.Gayathri, Dr.S.Kavitha : Study design , data verification , manuscript drafting ,
manuscript correcting.

https://paperpile.com/c/rRKEhY/As4E
https://paperpile.com/c/rRKEhY/pV1J
https://paperpile.com/c/rRKEhY/VzXA
https://paperpile.com/c/rRKEhY/LUS4
https://paperpile.com/c/rRKEhY/OvF6
https://paperpile.com/c/rRKEhY/UOGX


International Journal of Early Childhood Special Education (INT-JECSE)
ISSN:1308-5581 Vol 14, Spl Issue 01, 2022

47

Conflict of interest:
          None to declare

 References :
1. Jablonski  K,  Young  NA,  Henry  C,  Caution  K,  Kalyanasundaram  A,  Okafor  I,  et  al.  Physical  activity

prevents acute inflammation in a gout model by downregulation of TLR2 on circulating neutrophils as well
as  inhibition  of  serum CXCL1 and is  associated  with  decreased  pain  and inflammation in  gout  patients.
PLoS One. 2020 Oct 1;15(10):e0237520.

2. Schlesinger N, Lipsky PE. Gout. Elsevier Health Sciences; 2018. 400 p.
3. Bernardes ACFPF, Matosinhos RC, de Paula Michel Araújo MC, Barros CH, de Oliveira Aguiar Soares

RD,  Costa  DC,  et  al.  Sesquiterpene  lactones  from  Lychnophora  species:  Antinociceptive,  anti-
inflammatory, and antioxidant pathways to treat acute gout. J Ethnopharmacol. 2021 Apr 6;269:113738.

4. Abdulhafiz  F,  Mohammed  A,  Kayat  F,  Bhaskar  M,  Hamzah  Z,  Podapati  SK,  et  al.  Xanthine  Oxidase
Inhibitory Activity, Chemical Composition, Antioxidant Properties and GC-MS Analysis of Keladi Candik
(  Miq).  Molecules  [Internet].  2020  Jun  8;25(11).  Available  from:
http://dx.doi.org/10.3390/molecules25112658

5. Lee S, Han EH, Lee SH, Lim MK, Kim C-O, Kang S. Effects of Extract on Serum Uric Acid in Subjects
with  Mild  Hyperuricemia:  A  Randomized,  Placebo-Controlled  Trial.  J  Med  Food.  2020
May;23(5):508–14.

6. Zhang R, Zhan S, Li S, Zhu Z, He J, Lorenzo JM, et al. Anti-hyperuricemic and nephroprotective effects of
extracts  from  Chaenomeles  sinensis  (Thouin)  Koehne  in  hyperuricemic  mice.  Food  Funct.  2018  Nov
14;9(11):5778–90.

7. Jeyaruban A, Hoy W, Cameron A, Healy H, Wang Z, Zhang J, et al. Hyperuricaemia, gout and allopurinol
in  the  CKD  Queensland  registry.  J  Nephrol  [Internet].  2021  Jan  13;  Available  from:
http://dx.doi.org/10.1007/s40620-020-00937-4

8. Ved DK. Demand and Supply of Medicinal Plants in India. 2008. 216 p.
9. Dahiya P, Purkayastha S. Phytochemical Screening and Antimicrobial Activity of Some Medicinal Plants

Against Multi-drug Resistant Bacteria from Clinical Isolates. Indian J Pharm Sci. 2012 Sep;74(5):443–50.
10. Joshee N, Dhekney SA, Parajuli P. Medicinal Plants: From Farm to Pharmacy. Springer Nature; 2019. 439

p.
11. Samant  SS,  Dhar  U,  Palni  LMS.  Medicinal  Plants  of  Indian Himalaya:  Diversity,  Distribution,  Potential

Values. 1998. 161 p.
12. Elayaperumal  M,  Vedachalam  Y,  Loganathan  D,  Kumaravelu  TA,  Anusuya  GS,  Kennedy  J.  Ion  Beam

Analysis  of  Proton-Induced  X-ray  Emission  (PIXE)  Techniques  for  Elemental  Investigation  of  Young
Stage Neem Leaf of Southern India, Tamil Nadu. Biol Trace Elem Res [Internet]. 2020 Oct 28; Available
from: http://dx.doi.org/10.1007/s12011-020-02443-x

13. 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.

14. 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.

15. 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

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

17. 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.

18. 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.

19. 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.

http://paperpile.com/b/rRKEhY/gZG7
http://paperpile.com/b/rRKEhY/gZG7
http://paperpile.com/b/rRKEhY/gZG7
http://paperpile.com/b/rRKEhY/gZG7
http://paperpile.com/b/rRKEhY/EacX
http://paperpile.com/b/rRKEhY/r4k3
http://paperpile.com/b/rRKEhY/r4k3
http://paperpile.com/b/rRKEhY/r4k3
http://paperpile.com/b/rRKEhY/9uI3
http://paperpile.com/b/rRKEhY/9uI3
http://paperpile.com/b/rRKEhY/9uI3
http://dx.doi.org/10.3390/molecules25112658
http://paperpile.com/b/rRKEhY/cMlq
http://paperpile.com/b/rRKEhY/cMlq
http://paperpile.com/b/rRKEhY/cMlq
http://paperpile.com/b/rRKEhY/JlRA
http://paperpile.com/b/rRKEhY/JlRA
http://paperpile.com/b/rRKEhY/JlRA
http://paperpile.com/b/rRKEhY/UOGX
http://paperpile.com/b/rRKEhY/UOGX
http://dx.doi.org/10.1007/s40620-020-00937-4
http://paperpile.com/b/rRKEhY/QzvY
http://paperpile.com/b/rRKEhY/WYJL
http://paperpile.com/b/rRKEhY/WYJL
http://paperpile.com/b/rRKEhY/GhTi
http://paperpile.com/b/rRKEhY/GhTi
http://paperpile.com/b/rRKEhY/3QMc
http://paperpile.com/b/rRKEhY/3QMc
http://paperpile.com/b/rRKEhY/1T9t
http://paperpile.com/b/rRKEhY/1T9t
http://paperpile.com/b/rRKEhY/1T9t
http://paperpile.com/b/rRKEhY/1T9t
http://dx.doi.org/10.1007/s12011-020-02443-x
http://paperpile.com/b/rRKEhY/Sf1sh
http://paperpile.com/b/rRKEhY/Sf1sh
http://paperpile.com/b/rRKEhY/Sf1sh
http://paperpile.com/b/rRKEhY/5TiSn
http://paperpile.com/b/rRKEhY/5TiSn
http://paperpile.com/b/rRKEhY/5TiSn
http://paperpile.com/b/rRKEhY/FoylV
http://paperpile.com/b/rRKEhY/FoylV
http://paperpile.com/b/rRKEhY/FoylV
http://paperpile.com/b/rRKEhY/FoylV
http://dx.doi.org/10.1016/j.jphotobiol.2019.111773
http://paperpile.com/b/rRKEhY/Ipm35
http://paperpile.com/b/rRKEhY/Ipm35
http://paperpile.com/b/rRKEhY/3Uf36
http://paperpile.com/b/rRKEhY/3Uf36
http://paperpile.com/b/rRKEhY/3Uf36
http://paperpile.com/b/rRKEhY/HyZzD
http://paperpile.com/b/rRKEhY/HyZzD
http://paperpile.com/b/rRKEhY/HyZzD
http://paperpile.com/b/rRKEhY/QqEh7
http://paperpile.com/b/rRKEhY/QqEh7
http://paperpile.com/b/rRKEhY/QqEh7


International Journal of Early Childhood Special Education (INT-JECSE)
ISSN:1308-5581 Vol 14, Spl Issue 01, 2022

48

20. 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

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

22. Yang Z, Pu M, Dong X, Ji F, Priya Veeraraghavan V, Yang H. Piperine loaded zinc oxide nanocomposite
inhibits the PI3K/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.

23. Rajendran P, Alzahrani AM, Rengarajan T, Veeraraghavan VP, Krishna Mohan S. Consumption of reused
vegetable oil intensifies BRCA1 mutations. Crit Rev Food Sci Nutr. 2020 Oct 27;1–8.

24. 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.

25. 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.

26. 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.

27. 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

28. 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.

29. Veeraraghavan VP, Periadurai ND, Karunakaran T, Hussain S, Surapaneni KM, Jiao X. Green synthesis of
silver  nanoparticles  from  aqueous  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.

30. 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.

31. 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

32. Theertha M, Sanju S, Priya VV, Jain P, Varma PK, Mony U. Innate lymphoid cells: Potent early mediators
of the host immune response during sepsis. Cell Mol Immunol. 2020 Oct;17(10):1114–6.

33. Hanif  MA,  Nawaz  H,  Khan  MM,  Byrne  HJ.  Medicinal  Plants  of  South  Asia:  Novel  Sources  for  Drug
Discovery. Elsevier; 2019. 768 p.

34. Alamgir  ANM.  Therapeutic  Use  of  Medicinal  Plants  and  Their  Extracts:  Volume  1:  Pharmacognosy.
Springer; 2017. 546 p.

35. Stankovic MS. Medicinal Plants and Natural Product Research. MDPI; 2020. 231 p.
36. Saito  H,  Tanaka  K,  Iwasaki  T,  Oda  A,  Watanabe  S,  Kanno  M,  et  al.  Xanthine  oxidase  inhibitors  are

associated with reduced risk of cardiovascular disease. Sci Rep. 2021 Jan 14;11(1):1380.
37. Saad B, Zaid H, Shanak S, Kadan S. Anti-diabetes and Anti-obesity Medicinal Plants and Phytochemicals:

Safety, Efficacy, and Action Mechanisms. Springer; 2017. 257 p.

http://paperpile.com/b/rRKEhY/UF90X
http://paperpile.com/b/rRKEhY/UF90X
http://paperpile.com/b/rRKEhY/UF90X
http://paperpile.com/b/rRKEhY/UF90X
http://dx.doi.org/10.1080/87559129.2021.1889581
http://paperpile.com/b/rRKEhY/CLt77
http://paperpile.com/b/rRKEhY/CLt77
http://paperpile.com/b/rRKEhY/CLt77
http://paperpile.com/b/rRKEhY/623dv
http://paperpile.com/b/rRKEhY/623dv
http://paperpile.com/b/rRKEhY/623dv
http://paperpile.com/b/rRKEhY/zDqMm
http://paperpile.com/b/rRKEhY/zDqMm
http://paperpile.com/b/rRKEhY/sqCun
http://paperpile.com/b/rRKEhY/sqCun
http://paperpile.com/b/rRKEhY/9sgmS
http://paperpile.com/b/rRKEhY/9sgmS
http://paperpile.com/b/rRKEhY/gsfF5
http://paperpile.com/b/rRKEhY/gsfF5
http://paperpile.com/b/rRKEhY/gsfF5
http://paperpile.com/b/rRKEhY/dhawG
http://paperpile.com/b/rRKEhY/dhawG
http://paperpile.com/b/rRKEhY/dhawG
http://paperpile.com/b/rRKEhY/dhawG
http://dx.doi.org/10.1016/j.msec.2020.111656
http://paperpile.com/b/rRKEhY/omuKp
http://paperpile.com/b/rRKEhY/omuKp
http://paperpile.com/b/rRKEhY/omuKp
http://paperpile.com/b/rRKEhY/kC0cS
http://paperpile.com/b/rRKEhY/kC0cS
http://paperpile.com/b/rRKEhY/kC0cS
http://paperpile.com/b/rRKEhY/kC0cS
http://paperpile.com/b/rRKEhY/oTOoO
http://paperpile.com/b/rRKEhY/oTOoO
http://paperpile.com/b/rRKEhY/oTOoO
http://paperpile.com/b/rRKEhY/NkmUX
http://paperpile.com/b/rRKEhY/NkmUX
http://dx.doi.org/10.1016/j.jds.2020.02.009
http://paperpile.com/b/rRKEhY/9HO8u
http://paperpile.com/b/rRKEhY/9HO8u
http://paperpile.com/b/rRKEhY/As4E
http://paperpile.com/b/rRKEhY/As4E
http://paperpile.com/b/rRKEhY/pV1J
http://paperpile.com/b/rRKEhY/pV1J
http://paperpile.com/b/rRKEhY/VzXA
http://paperpile.com/b/rRKEhY/LUS4
http://paperpile.com/b/rRKEhY/LUS4
http://paperpile.com/b/rRKEhY/OvF6
http://paperpile.com/b/rRKEhY/OvF6

