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Abstract

Reactive gliosis, microgliosis, and subsequent secretion of various inflammatory mediators like
cytokines, proteases, reactive oxygen, and nitrogen species are the suggested key players
associated with systemic inflammation-driven neuroinflammation and cognitive impairments in
various neurological disorders. Conventionally, non-steroidal anti-inflammatory drugs are
prescribed to suppress inflammation but due to their adverse effects, their usage is not well
accepted. Natural products are emerging better therapeutic agents due to their affordability and
inherent pleiotropic biological activities. In Ayurveda, Ashwagandha (Withania somnifera) is
well known for its immunomodulatory properties. The current study is an extension of our
previous report on in vitro model system and was aimed to investigate anti-neuroinflammatory
potential of water extract from the Ashwagandha leaves (ASH-WEX) against systemic LPS-
induced neuroinflammation and associated behavioral impairments using in vivo rat model
system. Oral feeding of ASH-WEX for 8 weeks significantly ameliorated the anxiety-like
behavior as evident from Elevated plus maze test. Suppression of reactive gliosis, inflammatory
cytokines production like TNF-a, IL-1f, IL-6, and expression of nitro-oxidative stress enzymes
like iNOS, COX2,NOX2 etc were observed in ASH-WEX-treated animals. NFxB, P38, and
JNK MAPKSs pathways analysis showed their involvement in inflammation suppression which
was further confirmed by inhibitor studies. The current study provides first ever preclinical
evidence and scientific validation that ASH-WEX exhibits the anti-neuroinflammatory potential
against systemic LPS-induced neuroinflammation and ameliorates associated behavioral
abnormalities. Aqueous extract from Ashwagandha leaves and its active phytochemicals may
prove to be promising candidates to prevent neuroinflammation associated with various
neuropathologies.

Keywords: Anxiety-like behavior; Ashwagandha; Inflammatory cytokines; Lipopolysaccharide;
Neuroinflammation; Reactive gliosis.


https://pubmed.ncbi.nlm.nih.gov/?term=Gupta+M&cauthor_id=29846872
https://pubmed.ncbi.nlm.nih.gov/29846872/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Kaur+G&cauthor_id=29846872
https://pubmed.ncbi.nlm.nih.gov/29846872/#affiliation-2
https://doi.org/10.1007/s12017-018-8497-7

Similar articles

o Aqueous extract from the Withania somnifera leaves as a potential anti-
neuroinflammatory agent: a mechanistic study. Gupta M, Kaur G. J Neuroinflammation.

2016 Aug 22;13(1):193. doi: 10.1186/s12974-016-0650-3. PMID: 27550017 Free PMC
article.

. Withania somnifera as a potential candidate to ameliorate high fat diet-induced anxiety
and neuroinflammation. Kaur T, Kaur G. J Neuroinflammation. 2017 Oct 12;14(1):201.

doi: 10.1186/s12974-017-0975-6. PMID: 29025435 Free PMC article.

o Withania somnifera as a potential anxiolytic and immunomodulatory agent in acute sleep
deprived female Wistar rats. Kaur T, Singh H, Mishra R, Manchanda S, Gupta M, Saini

V, Sharma A, Kaur G. Mol Cell Biochem. 2017 Mar;427(1-2):91-101. doi: 10.1007/
s11010-016-2900-1. Epub 2016 Dec 21. PMID: 28004351

. Scientific basis for the therapeutic use of Withania somnifera (ashwagandha): a review.
Mishra LC, Singh BB, Dagenais S. Altern Med Rev. 2000 Aug;5(4):334-46. PMID:

10956379 Review.

o  Scientific basis for the use of Indian ayurvedic medicinal plants in the treatment of
neurodegenerative disorders: ashwagandha. Ven Murthy MR, Ranjekar PK, Ramassamy
C, Deshpande M. Cent Nerv Syst Agents Med Chem. 2010 Sep 1;10(3):238-46. doi:
10.2174/1871524911006030238. PMID: 20528765 Review.

. Withania somnifera (L.) Dunal ameliorates neurodegeneration and cognitive impairments
associated with systemic inflammation. Gupta M, Kaur G. BMC Complement Altern

Med. 2019 Aug 15;19(1):217. doi: 10.1186/s12906-019-2635-0. PMID: 31416451 Free
PMC article.

o Sesquiterpene dimer (DSF-52) from Artemisia argyi inhibits microglia-mediated
neuroinflammation via suppression of NF-»B, JNK/p38 MAPKSs and Jak2/Stat3 signaling
pathways. Zeng KW, Wang S, Dong X, Jiang Y, Tu PF. Phytomedicine. 2014 Feb
15;21(3):298-306. doi: 10.1016/j.phymed.2013.08.016. Epub 2013 Sep 20. PMID:
24055519

o Deoxysappanone B, a homoisoflavone from the Chinese medicinal plant Caesalpinia
sappan L., protects neurons from microglia-mediated inflammatory injuries via inhibition
of InB kinase (IKK)-NF-»B and p38/ERK MAPK pathways. Zeng KW, Yu Q, Song FJ,
Liao LX, Zhao MB, Dong X, Jiang Y, Tu PF. Eur J Pharmacol. 2015 Feb 5;748:18-29.
doi: 10.1016/j.ejphar.2014.12.013. Epub 2014 Dec 18. PMID: 25530267

o Aqueous [ eaf Extract of Withania somnifera as a Potential Neuroprotective Agent in
Sleep-deprived Rats: a Mechanistic Study. Manchanda S, Mishra R, Singh R, Kaur T,

Kaur G. Mol Neurobiol. 2017 May;54(4):3050-3061. doi: 10.1007/s12035-016-9883-5.



https://pubmed.ncbi.nlm.nih.gov/27550017/
https://pubmed.ncbi.nlm.nih.gov/27550017/
https://pubmed.ncbi.nlm.nih.gov/29025435/
https://pubmed.ncbi.nlm.nih.gov/29025435/
https://pubmed.ncbi.nlm.nih.gov/28004351/
https://pubmed.ncbi.nlm.nih.gov/28004351/
https://pubmed.ncbi.nlm.nih.gov/10956379/
https://pubmed.ncbi.nlm.nih.gov/20528765/
https://pubmed.ncbi.nlm.nih.gov/20528765/
https://pubmed.ncbi.nlm.nih.gov/31416451/
https://pubmed.ncbi.nlm.nih.gov/31416451/
https://pubmed.ncbi.nlm.nih.gov/24055519/
https://pubmed.ncbi.nlm.nih.gov/24055519/
https://pubmed.ncbi.nlm.nih.gov/24055519/
https://pubmed.ncbi.nlm.nih.gov/25530267/
https://pubmed.ncbi.nlm.nih.gov/25530267/
https://pubmed.ncbi.nlm.nih.gov/25530267/
https://pubmed.ncbi.nlm.nih.gov/27037574/
https://pubmed.ncbi.nlm.nih.gov/27037574/

Epub 2016 Apr 1. PMID: 27037574

o Withania somnifera Reverses Transactive Response DNA Binding Protein 43
Proteinopathy in a Mouse Model of Amyotrophic Lateral Sclerosis/Frontotemporal Lobar

Degeneration. Dutta K, Patel P, Rahimian R, Phaneuf D, Julien JP. Neurotherapeutics.
2017 Apr;14(2):447-462. doi: 10.1007/s13311-016-0499-2. PMID: 27928708 Free PMC
article.

o Withania somnifera and Its Withanolides Attenuate Oxidative and Inflammatory
Responses and Up-Regulate Antioxidant Responses in BV-2 Microglial Cells. Sun GY, Li

R, Cui J, Hannink M, Gu Z, Fritsche KL, Lubahn DB, Simonyi A. Neuromolecular Med.
2016 Sep;18(3):241-52. doi: 10.1007/s12017-016-8411-0. Epub 2016 May 21. PMID:
27209361

o Withania somnifera water extract as a potential candidate for differentiation based
therapy of human neuroblastomas. Kataria H, Wadhwa R, Kaul SC, Kaur G. PLoS One.

2013;8(1):e55316. doi: 10.1371/journal.pone.0055316. Epub 2013 Jan 31. PMID:
23383150 Free PMC article.

o A leaf methanolic extract of Wercklea insignis attenuates the lipopolysaccharide-induced
inflammatory response by blocking the NF-«B signaling pathway in RAW 264.7
macrophages. Park JW, Kwon OK, Jang HY, Jeong H, Oh SR, Lee HK, Han SB, Ahn KS.
Inflammation. 2012 Feb;35(1):321-31. doi: 10.1007/s10753-011-9322-8. PMID:
21465277

o Inhibitory effects of alternaramide on inflammatory mediator expression through TLR4-
MyD88-mediated inhibition of NF-kB and MAPK pathway signaling in
lipopolysaccharide-stimulated RAW264.7 and BV?2 cells. Ko W, Sohn JH, Jang JH, Ahn
JS, Kang DG, Lee HS, Kim JS, Kim YC, Oh H. Chem Biol Interact. 2016 Jan
25;244:16-26. doi: 10.1016/j.cbi.2015.11.024. Epub 2015 Nov 24. PMID: 26620692

o Intermittent fasting combined with supplementation with Ayurvedic herbs reduces
anxiety in middle aged female rats by anti-inflammatory pathways. Singh H, Kaur T,
Manchanda S, Kaur G. Biogerontology. 2017 Aug;18(4):601-614. doi: 10.1007/
$10522-017-9706-8. Epub 2017 May 6. PMID: 28478492

See all similar articles

Cited by 2 articles

. Withania somnifera (L.) Dunal ameliorates neurodegeneration and cognitive impairments
associated with systemic inflammation. Gupta M, Kaur G. BMC Complement Altern

Med. 2019 Aug 15;19(1):217. doi: 10.1186/s12906-019-2635-0. PMID: 31416451 Free
PMC article.


https://pubmed.ncbi.nlm.nih.gov/27928708/
https://pubmed.ncbi.nlm.nih.gov/27928708/
https://pubmed.ncbi.nlm.nih.gov/27928708/
https://pubmed.ncbi.nlm.nih.gov/27209361/
https://pubmed.ncbi.nlm.nih.gov/27209361/
https://pubmed.ncbi.nlm.nih.gov/23383150/
https://pubmed.ncbi.nlm.nih.gov/23383150/
https://pubmed.ncbi.nlm.nih.gov/21465277/
https://pubmed.ncbi.nlm.nih.gov/21465277/
https://pubmed.ncbi.nlm.nih.gov/21465277/
https://pubmed.ncbi.nlm.nih.gov/26620692/
https://pubmed.ncbi.nlm.nih.gov/26620692/
https://pubmed.ncbi.nlm.nih.gov/26620692/
https://pubmed.ncbi.nlm.nih.gov/28478492/
https://pubmed.ncbi.nlm.nih.gov/28478492/
https://pubmed.ncbi.nlm.nih.gov/?linkname=pubmed_pubmed&from_uid=29846872
https://pubmed.ncbi.nlm.nih.gov/31416451/
https://pubmed.ncbi.nlm.nih.gov/31416451/

o Herbo-mineral formulation 'Ashwashila' attenuates rheumatoid arthritis symptoms in
collagen-antibody-induced arthritis (CAIA) mice model. Balkrishna A, Sakat SS, Joshi K,
Paudel S, Joshi D, Joshi K, Ranjan R, Gupta A, Bhattacharya K, Varshney A. Sci Rep.
2019 May 29;9(1):8025. doi: 10.1038/s41598-019-44485-9. PMID: 31142786 Free PMC
article.

References

J Clin Invest. 2001 Jul;108(1):73-81 - PubMed
Neurotherapeutics. 2010 Oct;7(4):354-65 - PubMed
Phytomedicine. 2012 Jan 15;19(2):122-9 - PubMed
Mov Disord. 2002 Jan;17(1):116-24 - PubMed
J Neuroinflammation. 2012 May 20;9:96 - PubMed

Nk =


https://pubmed.ncbi.nlm.nih.gov/31142786/
https://pubmed.ncbi.nlm.nih.gov/31142786/
https://pubmed.ncbi.nlm.nih.gov/11435459/
https://pubmed.ncbi.nlm.nih.gov/20880500/
https://pubmed.ncbi.nlm.nih.gov/21893401/
https://pubmed.ncbi.nlm.nih.gov/11835448/
https://pubmed.ncbi.nlm.nih.gov/22607609/

