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Abstract

Background and objectives: Alzheimer's disease is a progressive neurodegenerative
condition that leads to cognitive decline and memory disorders. The primary symptoms include
a gradual deterioration of cognitive functions and language abilities. One key factor contributing
to Alzheimer's disease is the reduced level of acetylcholine, a crucial neurotransmitter in the
brain. This decline is partly attributed to the increased activity of acetylcholinesterase, the
enzyme responsible for breaking down acetylcholine. As a result, acetylcholinesterase inhibitors
have become a promising treatment option for managing the disease. In recent years, there has
been a growing interest in discovering more effective, plant-based drugs with fewer side effects.
Frankincense gum (Boswellia thurifera Roxb.) is a significant medicinal plant in Iranian
traditional medicine, known for its potential to enhance memory and cognitive function. The
solvent used in the extraction process plays a crucial role in determining the quality and potency
of the extracted compounds. Therefore, this study aimed to investigate the effect of different
extraction solvents on the acetylcholinesterase inhibitory activity of frankincense gum extract.
Methodology: Ethanol, methanol, ether, ethyl acetate, acetone, and hexane were selected as
solvents for extracting frankincense gum using the maceration method, followed by
concentration with a rotary evaporator. The resulting extracts were then tested for their ability to
inhibit acetylcholinesterase activity, as well as for their phenolic and flavonoid content. To
evaluate the acetylcholinesterase inhibitory activity, Elman’s method was employed, using a
microplate spectrophotometry technique. Various concentrations of the extracts were tested to
determine the inhibition percentage and calculate the IC50 values. All measurements were
performed in triplicate to ensure accuracy. Extracts exhibiting the most significant inhibitory
effects were further analyzed to understand their enzyme inhibition kinetics. The total phenolic
content of the extracts was measured using the Folin-Ciocalteu reagent. The absorbance of the
reaction products was compared to a standard curve of Gallic acid to quantify the phenolic
compounds. The total flavonoid content of the extracts was determined using the aluminum
chloride colorimetric method, and the flavonoid content was calculated by comparing the
absorbance of the extracts to the standard curve of quercetin solution. This comprehensive
analysis allowed for a detailed evaluation of the acetylcholinesterase inhibitory potential and the
chemical composition of the frankincense gum extracts, providing valuable insights into their
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potential as therapeutic agents for Alzheimer's disease.

Results: The ethanol extract of frankincense exhibited the highest inhibitory effect on
acetylcholinesterase activity, as indicated by its lowest IC50 value. In contrast, the methanol
extract, which had the highest IC50 value, demonstrated the weakest inhibitory effect. The other
solvents fell between these two, with increasing 1C50 values: hexane < ethyl acetate < ether <
acetone. Enzyme inhibition kinetics revealed distinct patterns of inhibition. The acetone extract
showed a competitive inhibition pattern, while the hexane extract exhibited a non-competitive
inhibition pattern. The ethanolic, ethyl acetate, methanolic, and ether extracts displayed a mixed
inhibition pattern. In terms of chemical composition, the ethanol extract contained the highest
amount of total phenolic compounds, suggesting a strong correlation between phenolic content
and inhibitory activity. However, the total flavonoid content was similar across all extracts, with
no significant differences observed between them. These findings highlight the potential of
frankincense extracts, particularly the ethanol extract, as promising candidates for further
research and development in the treatment of Alzheimer's disease.

Conclusion: The findings of this study demonstrate that the ethanolic extract of frankincense
gum exhibits a significant inhibitory effect on acetylcholinesterase enzyme activity.
Additionally, this extract contains the highest concentration of total phenols, suggesting that
ethanol is an effective solvent for extracting acetylcholinesterase inhibitors, which may possess
phenolic properties. Future research aimed at isolating these phenolic compounds could lead to
the discovery of potent inhibitors with potential medicinal applications.

Keywords: Acetylcholinesterase, enzyme inhibition, Boswellia thurifera Roxb., phenol,
flavonoid, ethanol.
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Figure 2. Double reciprocal diagram of acetylcholine esterase (control) in presence of Boswellia thurifera gum
acetone extract (test), competitive inhibition
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Figure 4. Double reciprocal diagram of acetylcholine esterase (control) in presence of Boswellia thurifera gum
methanol extract (test), mixed (uncompetitive-noncompetitive) inhibition
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Figure 5. Double reciprocal diagram of acetylcholine esterase (control) in presence of Boswellia thurifera gum
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Figure 6. Double reciprocal diagram of acetylcholine esterase (control)in presence of Boswellia thurifera gum
ethyl acetate extract (test), mixed (uncompetitive-noncompetitive) inhibition
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Figure 10. Standard graph of changes in absorbance at 765 nm versus changes in gallic acid concentration
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Figure 11. Phenols content of different solvents-extracted Boswellia thurifera gum extracts
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Figure 13. Flavonoids content and 1Cso value of different solvents-extracted Boswellia thurifera gum extracts

sl o S e Sl oS el a8 b G
Sl Slee Gl e glagsls Sl (s e S sl crse Sl oS el sbeaiS)le 51 eolanl
b a b gl e wsliad Sladl GdsS Skl oSS Jeel w5l el ) 2l ol talS



VAY

2 el e L LI L Gl s 16, L8
el Lol e olis a5 5 S e e S ol
SLSs cale 5 Oule 5l S8 by 4 el S
b 5 e 5l il cblls Ay S
sy Sl 4 5 o5l mls 4 ae s b shas
Ored s bl 1 a3 pae clbe
05> oba s as 3o Ml e badsOk
4O adlsl s (Kay, 2010) a8 cysbs | s e s 5
o 5 Al aly bejlas a0 g gime i
S35 St s s 5 olS 5 Js s Shes 4 s
2 5 eslas (J8 Gsme i (S5 0 (e e
N RS - SR | PRV COCE S - AT PER
S INCI PR SN IR TR RIS N K S LI
o553 sl S w as (sl Flas ol des
S osba cwl sas ey cuus Wl o« s s
(Sl sl sbedls Jole (ol ol sl
Vanessa & Mah, ) cul ol 5 Jsb 5 gadssde
ICs0 jlake 5 L3 (6 5ime oln (glamslin 8 e (2021
S i dmye (VY USE) spii olnil laojlas
s Cambgn 0> JsB Sy B 5 Sl olas

e ) el St slas ol S48l
las 4 by e Jlde op i aeslae ol ag g
e 4 by ie oS 5 Shae pes s
Sl oslas 5 bl 5y s Shas peo SIS
JS) dms i ol a8 506 g sme i 5 oYL WS
s Shes s ad s cdles GGl 5L a5 (Y

w‘fb b.a\.wJS.s b)LA.Cé)\.@.A
&l ol

PR CCRICE WS St SO BN PO A ST
ol slael el say plies S o&sils iy s osles

Folad Fe o o) e 5 ool oLS Slades aslilas

watiMe b Line b 5hmad 058 il slaeniS e
olis ey S o (Soreq & Seidman, 2001) » S
a ooy 5uS slas gole &S Lo 4 sad el
dede A asia 5 %38 525l T 4 Yase olslen
Oline 3 LSS (Sdpws sboal 5525 Mo 4 (j
4SS0l s alile g sl a8 O e clg]
oy e sl ) 4 DLl o esg pgm o 5L 2o
v oS5 o) (Singh & Atal, 1986) cowy ool
el plaas 5 b, uilel ol o HAS 55 252 50
b Sl el 55N G5l Gskls sbaas
.(Badria et al., 2003) » ,
e s3s4 5 JUs & A6 s 5e 5 saame Sl
51U oF by sas glsnd LS5 g5 5 ol ok
ol grosn oS Cad oas ol ol aUS s jlas S
Tomsone et al., 2012) wlosls plas |, 5k 5 Seacas
.(Dhawan & Gupta., 2017 Kajdzanoska et al., 2011
gl 5ol Gl gJUs 48 5 S ol b
walys JUs of Lo eas o LA g 5l islise olse
FheS i a Sl e w olsie sl a0
JUs 2t 5l Sun 5 508 gao 3 35 50 00 lge
el U8 gas g 3 S eslas gl il
2 Golge cl o may &S ol ol ey ol s
Sl elas 4 by sl ods8 Jed pe.jﬂ S
4..@),\,5@.4 slas cdle oS C i aal e ,ul
<l Sy 4 ke sl 51 slizad U s
Gl sl <o gl <l <Sland ol <ol s
2 s o5 OlSy o, Slosar )
St Jebo 5 51 e sad gl maal lasjlae
Shodal Cay el o ealinal Lae jlae Loy wyl Ll
2 gbosl Jb a4 Sl gl ._,-iw I
S UK a5 g o ojlas g (St 6 S
St o oeslas S\ 08 51 00
e g5 Ol cnl oo ol 5 Laste las )l
SR oslas (2l Ssl olas heg sas Jlel



el 0285l Jolse (g szt

References
- Abdel-Tawab, M., Werz, O. and Schubert-Zsilavecz,

M., 2011. Boswellia serrata: an overall assessment
of in vitro, preclinical, pharmacokinetic and clinical
data. Clinical pharmacokinetics, 50(6): 349-369.
Al-Yasiry, A.R. and Kiczorowska, B., 2016.
Frankincense-therapeutic properties. Postepy
higieny i medycyny doswiadczalnej, 70: 380-391.

- Arens, A.M. and Kearney, T., 2019. Adverse Effects

of Physostigmine. Journal of medical toxicology:
official journal of the American College of Medical
Toxicology, 15(3): 184-191.

- Badria, F.A., Mikhaeil, B.R., Maatooqg, G.T. and

Amer, M.M., 2003. Immunomodulatory
triterpenoids from the oleogum resin of Boswellia
carterii Birdwood. Zeitschrift fur Naturforschung.
C, Journal of biosciences, 58(7-8): 505-516.

- Bubley, A., Erofeev, A., Gorelkin, P., Beloglazkina,

E., Majouga, A. and Krasnovskaya, O., 2023.
Tacrine-Based Hybrids: Past, Present, and Future.
International journal of molecular sciences, 24(2):
1717-1724.

- Chang, C.C., Yang, M.H., Wen, H.M. and Chern, J.C.,

2002, Estimation of total flavonoid content in
propolis by two complementary colorimetric
methods. Journal of food and drug analysis, 10: 18-
27.

- Dhawan, D. and Gupta, J., 2017. Comparison of

Different Solvents for Phytochemical Extraction
Potential from Datura metel Plant Leaves.
International Journal of Biological Chemistry, 11(1):
17-22.

- Ellman, G.L., Courtney, K.D., Andres Jr, V., Feather-

Stone, R.M., 1961. A new and rapid colorimetric
determination of acetylcholinesterase activity.
Biochemical pharmacology, 7(2): 88-95.

Hafez Ghoran, S., Taktaz, F., Mozafari, A.A,
Tunctirk, M., Sekeroglu, N. and Kijjoa, A., 2022.
Uncommon Terpenoids from Salvia Species:
Chemistry, Biosynthesis and Biological Activities.
Molecules (Basel, Switzerland), 27(3): 1128.

- Huang, K., Chen, Y., Liang, K., Xu, X., Jiang, J., Liu,

M. and Zhou, F., 2022. Review of the Chemical
Composition, Pharmacological Effects,
Pharmacokinetics, and Quality Control of Boswellia
carterii. Evidence-Based Complementary and
Alternative Medicine, 2022: 6627104.

- Ingkaninan, K., Temkitthawon, P., Chuenchom, K.,

Yuyaem, T. and Thongnoi, W., 2003. Screening for
acetylcholinesterase inhibitory activity in plants used

VAY

in Thai traditional rejuvenating and neurotonic
remedies. Journal of ethnopharmacology, 89(2-3):
261-264.

- Kajdzanoska, M., Petreska, J. and Stefova, M., 2011.

Comparison of Different Extraction Solvent
Mixtures  for  Characterization of Phenolic
Compounds in Strawberries. Journal of Agricultural
and Food Chemistry, 59(10): 5272-5278.

- Kay, C., 2010. The future of flavonoid research.

British Journal of Nutrition, 104(S3): S91-S95.

- Luo, X., Lauwers, M., Layer, P.G. and Wen, C., 2021.

Non-neuronal Role of Acetylcholinesterase in Bone
Development and Degeneration. Frontiers in cell and
developmental biology, 8: 620543.

- Rajabian, A., Sadeghnia, H., Fanoudi, S. and Hosseini,

A., 2020. Genus Boswellia as a new candidate for
neurodegenerative disorders. Iranian journal of basic
medical sciences, 23(3): 277-286.

- Saxena, M. and Dubey, R., 2019. Target Enzyme in

Alzheimer's Disease: Acetylcholinesterase
Inhibitors. Current topics in medicinal chemistry,
19(4): 264-275.

- Shahidi, F. and Naczk, M., 1995. Food Phenolics:

Sources, Chemistry, Effects and Applications.
Technomic Publishing Co., Lancaster. 331p.

- Singh, G.B. and Atal, C.K., 1986. Pharmacology of an

extract of salai guggal ex-Boswellia serrata, a new
non-steroidal anti-inflammatory agent. Agents and
Actions 18: 407-412.

- Soreq, H. and Seidman, S., 2001. Acetylcholinesterase

— new roles for an old actor. Nat Rev Neurosci 2:
294-302.

Tattersall, J. 2009. Seizure activity post
organophosphate exposure. Frontiers in bioscience
(Landmark edition), 14(10): 3688-3711.

- Tomsone, L., Kruma, Z. and Galoburda, R., 2012.

Comparison of different solvents and extraction
methods for isolation of phenolic compounds from
horseradish roots (Armoracia Rusticana). World
Academy of Science, Engineering and Technology,
64: 903-908.

- Vanessa, V.V. and Mah, S.H., 2021. Xanthone:

Potential ~ Acetylcholinesterase  Inhibitor ~ for
Alzheimer's Disease Treatment. Mini reviews in
medicinal chemistry, 21(17): 2507-2529.

- Villegas, L.G.C., Mashhadi, N., Chen, M., Mukherjee,

D., Taylor K.E. and Biswas, N., 2016. A Short
Review of Techniques for Phenol Removal from
Wastewater. Currrent Pollution Reports 2: 157-167.


https://pubmed.ncbi.nlm.nih.gov/?term=COURTNEY+KD&cauthor_id=13726518
https://pubmed.ncbi.nlm.nih.gov/?term=ANDRES+V+Jr&cauthor_id=13726518
https://pubmed.ncbi.nlm.nih.gov/?term=ANDRES+V+Jr&cauthor_id=13726518
https://pubmed.ncbi.nlm.nih.gov/?term=FEATHER-STONE+RM&cauthor_id=13726518
https://pubmed.ncbi.nlm.nih.gov/?term=Liang+K&cauthor_id=35069765
https://pubmed.ncbi.nlm.nih.gov/?term=Xu+X&cauthor_id=35069765
https://pubmed.ncbi.nlm.nih.gov/?term=Jiang+J&cauthor_id=35069765
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+M&cauthor_id=35069765
https://pubmed.ncbi.nlm.nih.gov/?term=Zhou+F&cauthor_id=35069765

