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Abstract

~

Background:Thymus extracts have become attractive targets for screening bioactive compounds with potential applications
in pharmaceuticals, food, and cosmetics industries.

Objectives: This is the first report assessing the anticholinesterase and antioxidant activities, along with total phenolic and
flavonoid contents (TPC and TFC), of hydroethanolic extracts from six populations of Thymus caramanicus Jalas at vegetative and
flowering stages, collected from different regions in Kerman province, Iran.

Methods: The anticholinesterase and antioxidant activity, as well as TPC and TFC of T. caramanicus hydroethanolic extracts,
were evaluated using Ellman, DPPH, Folin-Ciocalteu, and aluminum chloride assays, respectively.

Results: All extracts inhibited both acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) enzymes, with most
showing a stronger effect on AChE. The extract T2-F exhibited the highest anti-AChE (IC;: 28.74 + 0.21 ng/mL) and anti-BuChE
(IC50: 65.49 + 0.81 pg/mL) activities. The DPPH results indicated overall suitable antioxidant activity, with T4-F showing the
highest antioxidant capacity (IC;: 16.22 * 0.07 pg/mL), though about 4.2 times lower than ascorbic acid. The TPC (76.60 + 0.98 -

211.73 £ 2.13 mg GAE/g extract) and TFC (19.15 + 0.09 - 53.90 + 0.13 mg QE/g extract) analyses revealed that T6-V and T5-F are rich
sources of polyphenolic and flavonoid compounds. Pearson’s correlation analysis showed no direct correlation between TPC
and TFC with their anticholinesterase and antioxidant activities.

Conclusions: The hydroethanolic extracts of T. caramanicus demonstrated significant anticholinesterase and antioxidant
activities, making them promising candidates for further studies aimed at developing therapeutic compounds with dual
anticholinesterase and antioxidant properties, potentially for treating Alzheimer's disease (AD).
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1. Background

Alzheimer's disease (AD) is the most common form of
dementia in individuals over 65 years old. This
neurodegenerative disorder progresses gradually and
eventually leads to death. Alzheimer's disease is
characterized by impairments in memory, learning, and
cognition, which result from the destruction of
cholinergic neurons and the subsequent reduction in
acetylcholine levels in the brain. Acetylcholine, a

neurotransmitter, plays a crucial role in memory and
learning processes.

The nervous system expresses two enzymes
responsible for breaking down acetylcholine:
Acetylcholinesterase (AChE) and butyrylcholinesterase
(BuChE). However, the hydrolysis of acetylcholine by
AChE occurs much faster than that by BuChE. In a
healthy brain, AChE is the primary enzyme involved in
acetylcholine metabolism (accounting for 80%), but
evidence suggests that BuChE can partly compensate for
the function of AChE. Interestingly, while the overall 3D
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structure of both enzymes, especially their active sites,
is remarkably similar, their roles in the brain differ
slightly, especially in the context of neurodegenerative
diseases such as AD (1).

There is currently no definitive treatment for AD. The
most common strategy to mitigate the cognitive
symptoms of the disease and improve patients' quality
of life is the prescription of cholinesterase inhibitors
(ChEIs). These inhibitors are also used in the
symptomatic treatment of other neurological disorders,
such as Parkinson's disease (PD), Down’s syndrome,
vascular dementia, and dementia with Lewy bodies (2).
In recent years, there has been growing interest in
studying natural resources to discover and develop new
ChEIs (3-5).

The genus Thymus L. (known as "Avishan" in Persian),
belonging to the Lamiaceae or mint family, consists of
more than 350 species of aromatic plants with
evergreen leaves. Of these, 18 species have been
identified in Iran. One such species is Thymus
caramanicus Jalas, an endemic species to Iran that
thrives in the mountainous regions of Kerman, Yazd,
and Isfahan. Although the members of the Thymus genus
are distributed across Asia, North Africa, and Europe, the
western Mediterranean region is considered their main
origin (6, 7).

Plants of the Thymus genus have been used in
traditional medicine for thousands of years. They
exhibit a wide range of biological effects, including anti-
inflammatory, antioxidant, antimicrobial, and pain-
relieving properties. Additionally, they show potential
for the treatment of various conditions, such as
dementia and cancer (8-12).

In this research, the anticholinesterase and
antioxidant activities, along with the total phenolic
content (TPC) and total flavonoid content (TFC), of
hydroethanolic extracts from six populations of
T.caramanicus (in both vegetative and flowering stages)
collected from different regions of Kerman province,
Iran, have been investigated. @ While the
anticholinesterase activity of other species of thyme has
been studied, this is the first time that the
anticholinesterase activity of T. caramanicus has been
evaluated. Although there are reports on the
antioxidant activity of methanolic extracts and essential
oils from this plant, the antioxidant activity of
hydroethanolic extracts of T caramanicus is being
explored for the first time.

2. Objectives

This study is significant because it evaluates several
distinct populations of this species during both the
vegetative and flowering stages, offering a
comprehensive analysis of its bioactivity across
different growth phases.

3.Methods

3.1. Chemicals

Acetylcholinesterase,  BuChE, acetylthiocholine
iodide, S-butyrylthiocholine iodide, neostigmine,
Ellman's reagent (DTNB), DPPH, ascorbic acid, gallic acid,
Folin-Ciocalteu reagent, and quercetin were provided by
Sigma-Aldrich. KH,PO,, K,HPO,, AlCl;, methanol, and

ethanol were purchased from Merck.

3.2. The Thymus caramanicus Populations and the
Production of Hydroethanolic Extracts

Six populations of T. caramanicus (in both vegetative
and flowering stages: Figure 1) (Appendix 1 in
Supplementary File) were gathered from different
regions of Kerman province, Iran. The collected aerial
parts of the plants were dried at room temperature
(25°C) and in dark conditions for 72 hours.

The hydroethanolic extracts of the plant samples
were prepared as follows: Five grams of each dried
powdered sample was soaked in 200 mL of 80% ethanol
in a glass container. The mixture was continuously
stirred using a magnetic stirrer for 24 hours at room
temperature. After soaking, the ethanol solution was
filtered through Whatman No. One filter paper to
remove solid residues. The filtered solution was then
concentrated using rotary evaporation at 40°C under
reduced pressure (200 mbar). Finally, the extracts were
dried completely in a vacuum oven at 40°C. The
obtained extracts were stored in the dark at -20°C for
future use.

3.3. Evaluation of Anticholinesterase Activity

The Ellman method (13), with some modifications (4),
was used to evaluate the anticholinesterase activity of
the extracts. The activity of the enzymes (AChE or
BuChE) was measured in the absence and presence of six
different concentrations of each T caramanicus
hydroethanolic extract (in 70% ethanol) and
neostigmine (used as the positive control). All assays
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Figure 1. The flowering (A); and vegetative (B) stages of T2 sample

were conducted in a 96-well plate with a final volume of
200 pL per well. Each concentration was tested in
triplicate to ensure reliability The results were
expressed as the IC;y, which represents the

concentration of extract required to inhibit 50% of AChE
or BuChE activity.

3.4. Investigation of Antioxidant Activity

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) method (14)
was applied to assess the antioxidant activity of T
caramanicus extracts. 250 YL of each Thymus ethanolic
extract in methanol was added to 750 pL of 0.4 mM
DPPH solution. The mixture was incubated for 30
minutes at room temperature in the dark. After
incubation, the sample's absorbance was measured at
517 nm. The DPPH solution initially has a deep violet
color, which turns pale yellow or colorless as
antioxidants react with the DPPH radicals.

For each sample, six different concentrations were
analyzed, and all tests were performed in triplicate. The
control sample contained 250 pL of methanol and 750
uL of DPPH solution (0.4 mM). Ascorbic acid was used as
the positive control.
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To determine the percentage of free radical DPPH
inhibition by each sample concentration, the following
formula was used:

Inhibition of DPPH (%) = [(Acontrol = Asample) [Acontroll
X100

- Acontrol: Absorbance of the control sample
- Asample: Absorbance of the sample

The IC;( values were calculated by plotting a dose-

response graph, which displayed the DPPH inhibition
percentage versus the logarithm of the sample
concentration.

3.5. Determination of Total Phenolic Content

The TPC of T. caramanicus hydroethanolic extracts was
determined using the colorimetric Folin-Ciocalteu
method (15), with gallic acid as the calibration standard.
A mixture containing 100 pL of 0.2 N Folin-Ciocalteu
reagent, 585 UL of distilled water, and 15 L of the extract
(in 80% ethanol, final concentration of 50 pg/mL) was
prepared. After incubating for one minute at room
temperature in the dark, 300 pL of 7.5% sodium
carbonate was added to the mixture. The mixture was
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Table 1. The Ellman’s Assay Results

Samples IC,, for AChE (ng/mL) IC,, for BuChE (ng/mL) Selectivity for AChE

T1-F 91.47 £1.09 606.31+5.81 6.63

T1-V 39.97+0.43 109.26 £1.25 273

T2-F 28.74+0.21 65.49 +0.81 2.28

T2-V 40.93+0.51 138.03 £2.01 3.37

T3-F 45.86+0.38 168.11+2.11 3.67

3V 63.51+0.61 18113 +£2.72 2.85

T4-F 51.2%0.6 130.76 £1.81 2.59

T4V 451410.46 123.42+1.75 2.73

T5-F 95.49 +0.88 288.4+3.1 3.02

T5-V 3111+ 0.37 537.03+4.83 17.26

T6-F 49.15%0.57 85.23+0.76 1.73

T6-V 173.78 £2.05 1862.08 £10.01 10.72

Neostigmine 0.023+0.001 0.04+0.0005 0.57

Abbreviations: AChE, acetylcholinesterase; BuChE, butyrylcholinesterase.

then incubated for an additional 30 minutes under the
same conditions.

The resulting blue color was measured at an
absorbance of 735 nm using a spectrophotometer. The
blank sample consisted of 600 L of distilled water, 100
uL of 0.2 N Folin-Ciocalteu reagent, and 300 uL of
sodium carbonate (7.5%). Results were reported as
milligrams of gallic acid equivalents (GAE) per gram of
extract (mg GAE[g extract). Each sample was tested in
triplicate to ensure reliability.

3.6. Determination of Total Flavonoid Content

The TFC of T caramanicus extracts was measured
using the aluminum chloride colorimetric method (16),
with quercetin serving as the calibration standard. A
solution containing 500 uL of the hydroethanolic
extract in 75% ethanol (final concentration: 50 pg/mL)
was mixed with 500 pL of 2% aluminum chloride. After
incubating the mixture for 15 minutes at room
temperature in the dark, the absorbance of the resulting
yellow color was measured using a spectrophotometer
at 435 nm. The blank sample consisted of 500 uL of
distilled water and 500 uL of 2% aluminum chloride.
Each sample was analyzed in triplicate. The TFC of the
Thymus extracts was expressed in milligrams of
quercetin equivalents (QE) per gram of extract (mg QE/g
extract).

3.7. Statistical Analysis

The data were presented as arithmetical mean values
with standard deviations. Pearson’s correlation was
used to analyze the relationship between the TPC and
TFC of the T caramanicus hydroethanolic extracts and
the studied parameters. Statistical analysis was
conducted using the one-way ANOVA method via SPSS
software (version 13.0).

4. Results and Discussion

4.1 Inhibition of Cholinesterase
(Acetylcholinesterase and Butyrylcholinesterase)

Enzymes

The IC; values for AChE inhibition by T. caramanicus

extracts ranged from 28.74 + 0.21 ug/mL (T2-F) to 173.78 +
2.05 pg/mL (T6-V), as shown in Table 1. Similarly, for
BuChE inhibition, the T2-F extract exhibited the
strongest activity (65.49 * 0.81 pg/mL), while T6-V
showed the weakest (1862.08 + 10.01 pg/mL). A
comparison of the inhibitory potential of the extracts
against AChE and BuChE revealed that the extracts
generally had a stronger inhibitory effect on AChE than
on BuChE. For instance, the T5-V, T6-V, and TI-F extracts
inhibited AChE 17.26, 10.72, and 6.63 times more
effectively than BuChE, respectively.

A comparison between extracts from the flowering
and vegetative stages showed mixed results, with some
flowering extracts and some vegetative extracts
performing better in terms of cholinesterase inhibition.

In summary, the findings indicate a significant
anticholinesterase activity of the T. caramanicus extracts.
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Table 2. The Results of DPPH, Total Phenolic Content, and Total Flavonoid Content Assays

Samples DPPH (IC;: ng/mL) TPC (mg GAE/g Extract) TFC (mg QE/g Extract)

T1-F 35.48+0.19 120.82+1.1 34.7+0.19

T1-V 19.05+0.09 115.54 £ 0.78 3113+ 0.11

T2-F 34.67+0.21 108.54t1.5 27131 0.21

T2V 3235+ 0.11 101.17 £ 0.67 20.29+0.13

T3-F 38.01+0.15 142.94+1.4 40.5%0.15

3-V 39.81+0.32 76.6+0.98 19.15+0.09

T4-F 16.22+0.07 113.45+£2.07 29.36+0.17

T4-V 63.09 + 0.41 147.85+1.8 37.96+0.31

T5-F 34.1+0.16 179.79 £2.16 47.95+0.26

T5-V 3715+0.22 98.71+1.22 243+0.12

T6-F 34.8+0.17 84.1+0.28 20.4+0.08

T6-V 30.19+0.13 211.73+2.13 53.9+0.13

Ascorbic acid 3.89+0.03

As noted, this is the first report on the
anticholinesterase activity of T. caramanicus, although
similar activities have been reported in other Thymus
species. For example, the essential oils and extracts of T.
lotocephalus have demonstrated strong anti-AChE and
anti-BuChE activities (17). In another study on alcoholic
extracts of six Thymus species, all extracts exhibited AChE
inhibition, with T longicaulis, T. pulegioides, and T.
vulgaris showing the most potent anticholinesterase

activity (9).

4.2. 2,2-Diphenyl-1-Picrylhydrazyl Free Radical Scavenging
Assay

The results of the DPPH free radical scavenging assay
(Table 2) indicate that the antioxidant activity of the
studied T. caramanicus extracts ranges from 16.22 + 0.07
pg/mL to 63.09 + 0.41 pg/mL. Among the extracts, the
flowering extract of T4 (T4-F) exhibited the highest
ability to inhibit DPPH free radicals, while the vegetative
extract of T4 (T4-V) showed the lowest activity. When
compared to the standard compound (ascorbic acid,
IC50: 3.89 * 0.03 pg/mL), the antioxidant activity of the

extracts is considered suitable. The antioxidant activity
of ascorbic acid is approximately 4.2 times higher than
that of the most active extract (T4-F).

A more detailed analysis reveals that the IC; values
of most extracts (9 out of 12) are relatively close,
indicating no significant difference in their antioxidant
activities.

The antioxidant activity of various Thymus species has
been well-documented in the literature (9, 18-20).

Jundishapur ] Nat Pharm Prod. 2024;19(4): e151624

Scientific evidence also supports the antioxidant effects
of T caramanicus. A study on the essential oil and
methanolic extract of T. caramanicus aerial parts, using
DPPH and B-carotene/linoleic acid assays, demonstrated
that the polar and non-polar subfractions of the
methanolic extract exhibited the highest antioxidant
activity in these assays, respectively (21). In another
study, the strong antioxidant activity of T caramanicus
essential oil was confirmed through its use in
improving the physiochemical properties of potato
chips (22).

There is a confirmed relationship between oxidative
stress and the occurrence of several well-known diseases
and disorders, including neurodegenerative diseases,
aging, cardiovascular diseases, rheumatoid arthritis,
cancer, diabetes, and inflammation. Natural
antioxidants, found in foods and medicinal plants, such
as polyphenolic, flavonoid, terpenoid, and carotenoid
compounds, can inhibit or delay the oxidation process
through various mechanisms, including the inhibition
of free radicals. These natural compounds play a crucial
role in preventing or treating oxidative stress-related
disorders (5, 23, 24).

In general, compounds with both anticholinesterase
and antioxidant properties are considered promising
candidates for AD treatment. This is because they
simultaneously increase the available amount of
acetylcholine in the brain and prevent the destructive
effects of oxidative stress (25, 26). The results of this
study demonstrate the good anticholinesterase and
antioxidant activity of T. caramanicus hydroethanolic
extracts. Therefore, these extracts hold promise for
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Table 3. The Pearson’s Correlations Between Total Phenolic Content and Total Flavonoid Content of Thymus caramanicus Hydroethanolic Extracts and the Studied Parameters

Variables TPC TFC
Anti-AChE 07552 0.727°
Anti-BuChE 0.670° 0.617°
DPPH 0.077 0.068
TPC 1 0.977%
TFC 0.9772 1

Abbreviations: AChE, acetylcholinesterase; BuChE, butyrylcholinesterase.
2 Correlation is significant at the 0.01 level (two-tailed).

b Correlation is significant at the 0.05 level (two-tailed).

further studies aimed at discovering medicinal
compounds with both anticholinesterase and
antioxidant effects, which may be beneficial for the

treatment of AD.

4.3. Total Phenolic Content and Total Flavonoid Content

As shown in Table 2, the TPC of the T. caramanicus
extracts ranges from 211.73 + 2.13 mg GAE/g extract (T6-V)
to 76.60 £ 0.98 mg GAE/g extract (T3-V). Similarly, the TFC
varies between 53.90 + 0.13 mg QE/g extract (T6-V) and
19.15 £ 0.09 mg QE/g extract (T3-V). Besides T6-V, T5-F also
exhibits high contents of polyphenolic (179.79 + 2.16 mg
GAE|g extract) and flavonoid (47.95 + 0.26 mg QE/g
extract) compounds. Comparing the TPC and TFC
results, the extracts obtained from the flowering stages
generally possess higher TPC and TFC, with the
exceptions of T4 and T6. According to the literature,
Thymus extracts are rich sources of phenolic and
flavonoid compounds such as rosmarinic acid,
salvianolic acids, luteolin, apigenin, myricetin, and
kaempferol (19, 27, 28).

4.4. Analysis of the Correlation Between the Studied
Parameters

As demonstrated in Table 3, there is a strong positive
correlation between TPC and TFC (r = 0.977), indicating
that extracts with higher TPC also tend to have higher
TFC and vice versa. As mentioned earlier, Thymus extracts
are rich in phenolic and flavonoid compounds, and
several of their biological properties, such as
antioxidant, antimicrobial, and anti-inflammatory
activities, are attributed to these compounds (19, 29).

However, the correlation analysis revealed no
significant correlation between the antioxidant activity
of T caramanicus extracts and their TPC (r = 0.077) and

TEC (r = 0.068). Interestingly, the anti-AChE activity of
the extracts exhibited a moderate negative correlation
with TPC (r = 0.755) and TFC (r = 0.727). Similarly, the
anti-BuChE activity showed a moderate negative
correlation with TPC (r = 0.670) and TFC (r = 0.617).

These findings may be due to the presence of
carotenoid and terpene compounds in Thymus species
(30), which are known to exhibit antioxidant (31, 32) and
anticholinesterase activities (33, 34).

The results of a study on the antioxidant activity of
hydroethanolic extracts from six Thymus species,
assessed using six different assays, revealed that the TPC
was only directly correlated with the results of the
Reducing Power assay. No significant correlation was
observed between the levels of polyphenolic
compounds and the results of the other assays used to
evaluate antioxidant activity. Additionally, the study did
not find any considerable correlation between the anti-
AChE activity and the polyphenol content of the extracts

(9).

4.5. Conclusions

The results demonstrated that all T. caramanicus
extracts are capable of inhibiting both AChE and BuChE
enzymes, with most exhibiting a recognizable
preference for AChE. The T2-F extract showed the highest
inhibitory ability against both AChE and BuChE. The
DPPH assay results indicated that the overall antioxidant
activity of the studied extracts was suitable, with the
most active extract (T4-F) exhibiting antioxidant activity
approximately 4.2 times lower than the standard
compound, ascorbic acid. The IC;, values of most

extracts (9 out of 12) were close to each other, and no
significant differences in antioxidant activity were
observed.
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The evaluation of TPC and TFC showed that the two
extracts with the highest TPC and TFC levels (T6-V and T5-
F) can be considered rich sources of phenolic and
flavonoid compounds. However, Pearson’s correlation
analysis indicated no direct correlation between the TPC
and TFC of the extracts and their anticholinesterase and
antioxidant activities.

In summary, the results of this study suggest that T.
caramanicus hydroethanolic extracts possess suitable
anticholinesterase and antioxidant activities. Therefore,
these extracts are promising candidates for further
research to explore drug agents with concurrent
anticholinesterase and antioxidant properties for the
treatment of AD and other neurological disorders.
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