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cognitive decline. TPM proposes various treatments, including compound
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Email: zarm@sums.ac.ir Methods: This study evaluated the antioxidant activity of six herbal

constituents of Safoof-e-hefz using the DPPH radical scavenging assay.
Methanol and dichloromethane extracts of each constituent, as well as the
complete formulation, were assessed for acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) inhibitory activities using Ellman’s method,
with tacrine as the positive control.

Results: The findings identified Melissa officinalis (lemon balm) as the most
effective constituent, exhibiting the highest antioxidant (IC50=64.1 pug/mL)
and AChE inhibitory (89%) activities. The prepared formulation revealed
an acceptable effect on AChE (up to 77%) and BChE, while showing no
significant overall antioxidant activity.

Conclusion: In all quantitative analyses, methanol extracts demonstrated
superior overall activity to dichloromethane extracts. Additionally, none of
the extracts displayed a dose-dependent effect, which could be attributed to
their high tannin content, as tannins can chelate the enzyme and interfere
with accurate inhibitory activity determination.
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1. Alzheimer's disease or AD
2. Brain neurotransmitters
3. Acetylecholine
4. Presynaptic vesicles
5. Muscarinic receptors
6. Nicotinic receptors

7. Acetylcholinesterase
8. Butyrylcholinesterase
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24. Speed vacuum cocentrator
25. Volumetric flask

26. 96-well plate

27. UV spectrophotometer
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18. Dichloromethane

19. Sonicator

20. Dichloromethane extract
21. Rotary evaporator

22. Freezdryer

23. Methanolic extract
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37. 24-well plate

38. Blank

39. Dimethylsulfoxide
40. Tacrine
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28. Dimethylsufoxide

29. Ellman’s reagent

30. Spectrophotometric method
31. Thiocholine

32. Substrate

33. Butyrylthiocholine iodide
34. Acetylcholine iodide

35. Glycerin buffer

36. Eppendorf
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45. Bioactive
46. Flavonoids
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56. Oleo gum resin

57. Anthocyanin
58. Synergy

et oS 53 Moy Ly 2y e Bl o
lej._) b p.,)j odisS Jles 3£ 9 MoaisS e Jole
sk 56 gy To0 Jlo o a5 lasdlhae s ¢l
s ol Sld ol oy sl 50 dszee lasid
4 3B ool Ofiee U laJgid (b 45 03,5 onalive
it Lo (agad JLd ol g oty 4 Jlasl
sl e baded L <l ol ys (T0)
mho 4 Jlail b g a8 o Jee M dlalionis
OrSion Pemy g Oleyed job o (et (o
oo Jyd (b S et 557 5 jphm aio)S o
0315 39y 2l (S9S ke Sl (loleS 5l (glamny yo S
(Y2) ol Jloy95 10 sozed BB ool 5l ol
st L LS5 aSil s azgi byl aalllas o
cdale o o] (FoiS e pas 2yl s dugemipoly 5
A 920,00 ol dzgi B i Lolp,S Ls Ve
5 T el Mansind gl asine 5k
Sl gamgidld CluSys 5l e iagh jo el 66
Sl oy ()15 (pasld syl (1S il )l
S5e i bl 5o Jslowe glaJsid Lol (YY)
by cud,l g witee i L Togdl 0
aalllae 5 (Y8 YA) ifs lapyatiay 4 Jlasl (ol
Jeiol ool Jlan 5 Loy oy 53l @ 5 (%00
g Sldlas ple o ol ouds aiBloyy slaul dsS
g il a8 ol ouls o)l 30 ladie sla gl
NTH Y PERN L PSRN PR PN IO gsli.y LSysba
(VA=TY) g o syl (dsS sl sl e ey
b GlaSy gl agmiol wilen 5 Jalsls
e @y yid shealpyS (oo Ve 2Bl o 5 el Jgd
odalice (55nS los duoys (LSS u.a‘ Olyae Lyl
(YY) el ol ol DL Judo s Ylasal aS wuo 8
5 el 52 a5 sl Pun SIS epyly oSy
48 .l Piper nigrum 4 Piper longum s
&y ool paesilSe w0y plonil L8 lalllas
3 Wotree) (el Jlon Jold S5 ol il
(YT XF) ool oo a8l 5l pdsST il il e
Sl pl g0 o by, S (g0 slaojlas pioren
O cdale o s Gleg,lS (60 o)lacs olen 4
oS il o3l Sl a0 008 i Laele,S Lee

47. Polyphenols

48. Chelating agent

49. Multidentate ligands
50. Tannin

51. Terpenoid

52. Quercetin (flavonoid)
53. Dalton

54. Piperine

55. Alkaloid
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59. Bioactive compounds

60. Oxidative stress
61. B-Amyloid accumulation
62. Tau hyperphosphorylation

1Fe0 yles ) o ylois ¢ ¥ 0499



e 5 (ot (ldogy,d

10.

11.

DiPiro JT, Talbert RL, Yee G, Matzke GR,
Wells BG, Posey LM, et al. A pathophysiologic
approach. In: Pharmacotherapy. New York:
McGraw-Hill; 2008. p. 385-400.

Cajal SR. Degeneration & regeneration
of the nervous system. New York: Hatner
Publishing Company; 1959.

McKhann GM, Knopman DS, Chertkow H,
Hyman BT, Jack CR Jr, Kawas CH, et al. The
diagnosis of dementia due to Alzheimer’s
disease: recommendations from the National
Institute on Aging-Alzheimer’s Association
workgroups on diagnostic guidelines for
Alzheimer’s disease. Alzheimers Dement.
2011;7(3):263-9.

Prince M, Bryce R, Albanese E, Wimo A,
Ribeiro W, Ferri CP. The global prevalence
of dementia: a systematic review and
metaanalysis. Alzheimers Dement.
2013;9(1):63-75.

Hirtz D, Thurman DJ, Gwinn-Hardy K,
Mohamed M, Chaudhuri AR, Zalutsky R.
How common are the “common’ neurologic
disorders? Neurology. 2007;68(5):326-37.
Holtzman DM, Morris JC, Goate AM.
Alzheimer’s disease: the challenge of
the second century. Sci Transl Med.
2011;3(77):77srl.

Perry EK, Gibson PH, Blessed G, Perry
RH, Tomlinson BE. Neurotransmitter
enzyme abnormalities in senile dementia.
Choline acetyltransferase and glutamic acid
decarboxylase activities in necropsy brain
tissue. J Neurol Sci. 1977;34(2):247-65.
Suh WH, Suslick KS, Suh YH. Therapeutic
agents for Alzheimer’s disease. Curr
Med Chem Cent Nerv Syst Agents.
2005;5(4):259-69.

Ibn Sina (Avicenna). Kitab al-Qanun fi
al-Tibb (Canon of medicine). New Delhi:
Jamia Hamdard Printing Press; 1998. Arabic.
Ahmadian-Attari MM, Ahmadiani A,
Kamalinejad M, Dargahi L, Shirzad M,
Mosaddegh M. Treatment of Alzheimer’s
disease in Iranian traditional medicine.
Iran Red Crescent Med J. 2015;17(1):e18052.
Persian.

Aghili MH. Qarabadin Kabir. Tehran: Ostad
Allah Qoli Khan Qajar Publisher; 1855.
Persian.

&Lo

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Sabahi Z, Zarshenas MM, Farmani F, Faridi P,
Moein S, Moein M. Essential oil composition
and in vitro antioxidant activity of ethanolic
extract of Thymus daenensis Celak from
Iran. Glob J Pharmacol. 2013;7(2):153-8.
Manyam BV. Dementia in Ayurveda. J
Altern Complement Med. 1999;5(1):81-8.
Lin HQ, Ho MT, Lau LS, Wong KK, Shaw
PC, Wan DC. Anti-acetylcholinesterase
activities of traditional Chinese medicine
for treating Alzheimer’s disease. Chem Biol
Interact. 2008;175(1-3):352-4.

Lima E, Rauter AP, Medeiros J. Flavonoids as
promising multitarget agents in Alzheimer’s
disease therapy. Appl Sci. 2023;13(8):4651.
LiJ, Sun M, Cui X, Li C. Protective effects
of flavonoids against Alzheimer’s disease:
pathological hypothesis, potential targets,
and structure-activity relationship. Int ] Mol
Sci. 2022;23(17):10020.

Ferreira A, Proenca C, Serralheiro ML,
Araujo ME. The in vitro screening
for acetylcholinesterase inhibition and
antioxidant activity of medicinal plants
from Portugal. J Ethnopharmacol.
2006;108(1):31-7.

Cao J, Xia X, Chen X, Xiao J, Wang Q.
Characterization of flavonoids from
Dryopteris erythrosora and evaluation
of their antioxidant, anticancer and
acetylcholinesterase inhibition activities.
Food Chem Toxicol. 2013;51:242-50.
Uriarte-Pueyo I, Calvo MI. Flavonoids as
acetylcholinesterase inhibitors. Curr Med
Chem. 2011;18(34):5289-302.

Fikrican B, Serap D, Mehmet Emin
D. Antioxidant and anti-cholinesterase
inhibition properties of Melissa officinalis
subsp. officinalis and Lavandula angustifolia.
J Int Sci Publ. 2022;16:317-24.

Ozarowski M, Mikolajczak PL, Piasecka
A, Kachlicki P, Kujawski R, Bogacz A, et
al. Influence of the Melissa officinalis leaf
extract on long-term memory in scopolamine
animal model with assessment of mechanism
of action. Evid Based Complement Alternat
Med. 2016;2016:9729818.

Chaiyana W, Okonogi S. Inhibition of
cholinesterase by essential oil from food
plant. Phytomedicine. 2012;19(8-9):836-9.

1P 3l ) o lois ¢ V¥ 0498



SatlyT s ool Sy5m Sy cysegard Sl ulsS lae s ilopnST il il

23.

24.

25.

26.

27.

28.

29.

30.

Khatami Z, Herdlinger S, Sarkhail P, Zehl
M, Kaehlig H, Schuster D, et al. Isolation
and characterization of acetylcholinesterase
inhibitors from Piper longum and
binding mode predictions. Planta Med.
2020;86(15):1118-24.

Zhou S, Huang G. The biological activities
of butyrylcholinesterase inhibitors. Biomed
Pharmacother. 2022;146:112556.

He Q, Lv'Y, Yao K. Effects of tea polyphenols
on the activities of a-amylase, pepsin, trypsin
and lipase. Food Chem. 2007;101(3):1178-82.
Spencer CM, Cai Y, Martin R, Gaftney
SH, Goulding PN, Magnolato D, et al.
Polyphenol complexation—some thoughts
and observations. Phytochemistry.
1988;27(8):2397-409.

Cichon N, Grabowska W, Gorniak L, Stela M,
Harmata P, Ceremuga M, et al. Mechanistic
and therapeutic insights into flavonoid-
based inhibition of acetylcholinesterase:
implications for neurodegenerative diseases.
Nutrients. 2024;17(1):78.

Zarei A, Changizi AS, Taheri S, Hosseini
N. A brief overview of the effects of Melissa
officinalis L. extract on the function of various
body organs. J] Med Plants. 2015;17(7):1-6.
Mehansho H, Butler LG, Carlson DM.
Dietary tannins and salivary proline-rich
proteins: interactions, induction, and defense
mechanisms. Annu Rev Nutr. 1987;7:423-40.
Jabir NR, Khan FR, Tabrez S.
Cholinesterase targeting by polyphenols:
a therapeutic approach for the treatment of

31.

32.

33.

34.

35.

36.

Alzheimer’s disease. CNS Neurosci Ther.
2018;24(9):753-62.

Roseiro LB, Rauter AP, Serralheiro MLM.
Polyphenols as acetylcholinesterase
inhibitors: structural specificity and
impact on human disease. Nutr Aging.
2012;1(2):99-111.

Parmar VS, Jain SC, Gupta S, Talwar S,
Rajwanshi VK, Kumar R, et al. Polyphenols
and alkaloids from Piper species.
Phytochemistry. 1998;49(4):1069-78.
Chonpathompikunlert P, Wattanathorn
J, Muchimapura S. Piperine, the main
alkaloid of Thai black pepper, protects
against neurodegeneration and cognitive
impairment in animal model of cognitive
deficit like condition of Alzheimer’s disease.
Food Chem Toxicol. 2010;48(3):798-802.
Tripathi AK, Ray AK, Mishra SK. Molecular
and pharmacological aspects of piperine as
a potential molecule for disease prevention
and management: evidence from clinical
trials. Beni Suef Univ J Basic Appl Sci.
2022;11(1):16.

Magiatis P, Melliou E, Skaltsounis AL,
Chinou IB, Mitaku S. Chemical composition
and antimicrobial activity of the essential oils
of Pistacia lentiscus var. chia. Planta Med.
1999;65(8):749-52.

Adel Pilerood S, Prakash J. Evaluation of
nutritional composition and antioxidant
activity of Borage (Echium amoenum) and
Valerian (Valerian officinalis). J Food Sci
Technol. 2014;51(5):845-54.

1Fe0 yles ) o ylois ¢ ¥ 0499



