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A B S T R A C T   

Acetylcholinesterase (AChE) inhibitor and telomerase reverse transcriptase (TERT) potentiator phytochemicals 
are highly targeted as anti-Alzheimerꞌs disease and as an anti-ageing process. A phytochemical study of Thun-
bergia erecta aerial parts resulted in the isolation of ten compounds (1–10). Their structures were identified based 
on spectral data and comparison with literature values. The activity of our pure isolates on AChE and TERT 
enzymes by documented in vitro assay methods were evaluated. The results indicated that apigenin (2), vanillic 
acid (4), and acacetin-7-O-β-D-glucoside (7) exhibited potent inhibition of AChE (IC50 37.33, 30.80 and 49.57 
ng/mL, respectively), compared to the standard drug donepezil (IC50 31.25 ng/mL). In the TERT enzyme assay, 
compound 7 triggered a 1.66‑fold increase in telomerase activity at the concentration of 2.85 ng/ml. This is the 
first study that demonstrates that compound 7 isolated from T. erecta can lead to such telomerase activity relative 
to control cells. Virtual screening studies including docking, rapid overlay chemical structure (ROCS), and 
calculated structure–property relationships (SPR) were implemented in this work. Molecular docking studies 
supported the binding of compounds 2, 4, and 7 through hydrogen bonds (HBs) formation to essential amino acid 
residues namely ARG:24 A, SER:347 A, LYS:51 A, PHE:346 A, and GLY:345 A of acetylcholinesterase. ROCS and 
SPR analyses realized compound 2 as a possible treatment of Alzheimer’s disease and as a lead compound for 
drug development process through applying semisynthetic modifications.   

1. Introduction 

Alzheimer’s disease (AD) is a neurodegenerative disease of the cen-
tral nervous system distinguished by a low level of acetylcholine (ACh) 
in the brain which is associated with profound memory impairment, 
emotional disturbance, and personality changes in late stages [1,2]. 
Acetylcholine is the main neurotransmitter in the body and the primary 
neurotransmitter responsible for cholinergic transmission in the brain 
[3]. The most important enzyme controlling ACh levels in the healthy 
brain is majorly acetylcholinesterase (AChE). Therefore, inhibition of 
AChE is an effective therapeutic approach to alleviate the symptoms of 
AD [1,4]. Till now, cholinesterase inhibitors are the only approved drugs 
for treating patients with mild to moderately severe AD [5–7]. 

Cholinesterase inhibitors have generally shown consistent symptomatic 
relief in short-term trials lasting from 3 to 6 months, and occasionally up 
to 12 months [8]. The approved drugs for AD treatment, galantamine, 
and rivastigmine (Fig. 1), are alkaloids derived from natural sources. 
They showed sporadic AD relief without preventing the advancement of 
the disease [9]. Synthetic drugs such as donepezil (Fig. 1) are available 
for the symptomatic treatment of AD as well. However, the search for 
newer molecules from natural products for better management of AD 
has gained much attention worldwide. 

According to literature, AD is associated with ageing in such a way 
that virtually all people will present this disease; the increase in life 
expectancy would produce a high prevalence of AD [10,11]. A signifi-
cant difference between ageing and AD is that the number of neurons 
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does not change very much during ageing, but neuron and synapse loss 
is a hallmark of AD [12]. Ageing is a multifactorial phenomenon 
resulting in a progressive functional decline at the cell, tissue, and 
organismal levels. In recent years, a variety of molecular mechanisms 
have been identified as the key molecular causes of ageing, including 
depletion of telomeres, cellular senescence, genomic instability, 
exhaustion of stem cells, mitochondrial dysfunction, and epigenetic 
changes [13]. Many interventions, such as exercise and calorie restric-
tion, can also alleviate ageing phenotypes. Drugs and AD treatments, 
such as histone deacetylase (HDAC) inhibitors treatment and neural 
stem cell transplantation can also slow down ageing phenotypes 
[12,14]. Furthermore, telomere attrition has been recognized as a pri-
mary cause of ageing, since it can induce all the above characteristics of 
ageing, although the degree to which it is a major cause of ageing is 
under active investigation [13]. Telomeres are DNA sequences repeated 
at the end of the linear chromosomes and secure chromosome stability 
during replication [15]. The length of the telomere is shortened every 
cell division and through oxidative stress. When telomeres lose their 
length decisively, cell division can no longer take place which causes 

cells to turn in senescence [16]. Essential shortening of telomeres has 
been suggested to be at the root of various disease states and syndromes; 
the premature ageing syndrome and bone marrow failure syndrome 
[17–19]. Telomere attrition in the stem cell compartments leads to the 
depletion of their tissue- and self-renewal ability, leading to age-related 
diseases [20,21] such as hypertension, cardiovascular disease, athero-
sclerosis, liver cirrhosis [17], diabetes [18], infectious diseases, and 
Alzheimer’s disease. On the other hand, the telomere length positively 
gets together with longevity [22]. 

Studies have shown that telomere shortening during ageing in 
human somatic cells occurs because of the absence of telomerase activity 
[16]. Telomerase, which is composed of a structural RNA and two pro-
teins, is a cellular reverse transcriptase that adds new DNA onto the 
telomeres, and therefore it is responsible for telomere length [16]. 
Telomerase reverse transcriptase (TERT) is a catalytic subunit of the 
enzyme telomerase. It is responsible for catalyzing the addition of re-
petitive DNA sequences to the ends of a chromosome’s telomeres. This 
addition prevents attrition of the telomere following several circles of 
replication. TERT activators displayed neuroprotective activities in 

Fig. 1. Structure of (*) synthetic and (**) natural drugs used for treatment of Alzheimer’s disease, and those defined as (***) telomerase activators.  

Fig. 2. Structure of isolated compounds (1–10) from T. erecta.  
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experimental models with neurodegenerative troubles suggesting that 
stimulating the telomerase activity in neurons may conserve against age- 
related neurodegeneration and Alzheimer’s disease [23]. Chemical 
compounds that activate telomerase (telomerase activators) are used as 
an anti-ageing supplement in anti-ageing nutritional disciplines [16,24]. 
Cycloastragenol (Fig. 1) was first defined as a telomerase activator when 
Astragalus membranaceus extracts were screened for anti-ageing prop-
erties and it showed a potent telomerase activation in neuronal cells 
[19]. Moreover, some secondary metabolites like resveratrol and gen-
istein (Fig. 1) have been shown to stops cells proliferation by down-
regulation of telomerase in cancer cells [22]. So, the path to reinforce 
telomere length through increasing telomerase activity is a very 
thoughtful anti-ageing strategy [24]. 

Thunbergia erecta (Benth.) T. Anderson (Acanthaceae), known as the 
bush clock vine or king’s mantle, is a well-mannered shrub, 4 to 6 feet 
tall and wide, characterized by its yellow-throated purple tubular 
flowers. Plants of the genus Thunbergia are native to tropical regions in 
Africa, Madagascar, and Southern Asia [25]. They have been reported to 
produce alkaloids, flavonoids, tannin, phenolic acids, iridoid, and glu-
cosides [26,27]. Traditionally, they have been used for the treatment of 
inflammation and pyrexia, and nowadays they have been reported to 
show antibacterial, antifungal, anthelmintic, antidiabetic, cytotoxic, 
antioxidant, hepatoprotective, antidepressant, anti-inflammatory, anti-
nociceptive, wound healing, anti-diarrheal, antifibrotic, and detoxifi-
cation activities [28,29]. 

Thunbergia erecta has been used for insomnia, depression and anxiety 
management in traditional medicine, and its leaves methanolic extract 
has exhibited sedative and anxiolytic activities on animal models in a 
recent study, which is suggesting the presence of neuropharmacological 
interventions of T. erecta in the management of brain disorders [30,31]. 
Interestingly, the safety of MeOH extract of leaves of T. erecta on mice 
was previously established [31]. In our continuous efforts [32] to find 
new anti-Alzheimer’s disease drug candidates, T. erecta aerial parts have 
been investigated. Ten compounds (1–10, Fig. 2) were isolated from the 
plant, and their structures were identified as β-sitosterol-3-O-β-D- 
glucoside (1), apigenin (2), apigenin-7-O-β-D-glucoside (3), 3-methoxy- 
4-hydroxy benzoic acid (vanillic acid) (4), trans-ferulic acid (5), 3,4,5- 
trimethoxy phenol-1-O-β-D-glucoside (6), acacetin-7-O-β-D-glucoside 
(7), acacetin-7-O-(α-D-apio-furanosyl) (1 → 6)-β-D-glucoside (8), benzyl- 
7-O-β-xylopyranosyl (1′ ′→2′)-β-D-glucoside (9) and rosmarinic acid (10) 
based on their spectroscopic data and comparison with literature values. 
Consequently, we have evaluated the potentials of these pure isolates as 
AChE inhibitors and as TERT activators by in vitro assay methods. 

In recent times, computational (in silico) methods including database 
search algorithms, determination of quantitative structure–activity re-
lationships, similarity search methods, computational modeling, and 
docking have been established and broadly applied to the development 
and testing of pharmacological hypothesis. These approaches have been 
commonly used to study possible drug targets and consider the prop-
erties of absorption, distribution, metabolism, excretion, and toxicity as 
well as the physicochemical characterization. 

This paper deals with phytochemical isolation and identification of 
ten compounds from T. erecta aerial parts and evaluating their anti-
cholinesterase and their capacity to enhance telomerase activity in 
normal melanocytes cell line (HFB4). It also details the computational 
measurements and its results as to identify the potential active sites or 
functionalities responsible for these activities. 

2. Material and methods 

2.1. General experimental procedures 

Silica gel (70–230 μ, 60 Ao, E-Merk, Germany) for column chroma-
tography, silica gel 60 F254 precoated aluminum sheets (20 × 20, 0.2 
mm thickness, E-Merck, Germany) for thin-layer chromatography (TLC) 
analyses. Sephadex LH-20 (25–100 µm, Sigma-Aldrich, Sweden). 

Reversed-phase C18 silica gel (Nacalai Tesque, Inc., Kyoto, Japan) and 
silica gel RP-18 F254 plates (Merck, Darmstadt, Germany). JEOL JNM-AL 
300 spectrometer (JEOL Ltd, Tokyo, Japan) at 300 MHz for 1H NMR and 
75 MHz for (13C NMR), Varian unity plus spectrometer (Palo Alto, CA, 
USA) at 400 MHz (1H NMR) and 100 MHz (13C NMR) using TMS as an 
internal standard. Bruker Avance DRX-500 spectrometer at 500 MHz (1H 
NMR) and 125 MHz (13C NMR), Germany. JMS spectrometer (JEOL Ltd., 
Tokyo, Japan) for mass spectroscopic analysis. DMSO‑d6 (δH 2.50, δC 
39.51), CD3OD-d4 (δH 3.31 and 4.78, δC 49.15) and C5D5N-d5 (δH 7.22, 
7.58 and 8.74, δC 123.87, 135.91 and 150.35); Nacalai Tesuque, Inc., 
Kyoto, Japan; were used as NMR solvents [33]. Acetylcholinesterase 
inhibitor screening kit (cat. # IACE-100) was purchased from BioAssay 
Systems (Hayward, CA, USA). Donepezil (Cat # sc-218265) was pur-
chased from Santa Cruz Biotechnology (Texas, U.S.A). DMSO (Sigma- 
Aldrich, St. Louis MO). Telomerase reverse transcriptase (TERT) ELISA 
kit (cat. # K4187-100) was purchased from Biovision (Milpitas, USA). 
Curcumin (Sigma-Aldrich, Germany). 

2.2. Plant material 

The fresh aerial parts (leaves and tender stems of young pre- 
flowering herbs) of T. erecta were collected in September 2016 from El 
Orman Botanical Garden, Giza, Egypt. The plant was identified by Dr. 
Therese Labib, consultant of plant taxonomy at the Ministry of Agri-
culture and the former director of El Orman Botanical Garden. A 
voucher specimen (USC-PH-Cog-03) was deposited at the Pharmacog-
nosy Department, Faculty of Pharmacy, University of Sadat City, 
Menoufiya, Egypt. The plant material was shade-dried, finely powdered 
for the extraction process. 

2.3. Extraction and isolation 

The freshly powdered dried aerial parts (1.4 Kg) of T. erecta were 
extracted with 80% aqueous methanol by maceration at room temper-
ature till exhaustion (8L × 4). The combined alcoholic extracts were 
concentrated under reduced pressure at 40 ℃ and left to dry to afford 
118 g of a yellowish-green viscous residue. The dried extract was sus-
pended in distilled water and successively partitioned between 
dichloromethane (DCM) (2L × 5). Each phase was concentrated under 
reduced pressure separately to give dichloromethane fraction (DCMF, 4 
g) and aqueous fraction (Aq-F, 112 g). Vacuum liquid chromatography 
(VLC) was used for the initial fractionation of the DCMF. Step gradient 
elution with a nonpolar solvent (n-hexane) and increasing the gradient 
with polar solvents (EtOAc and MeOH) gave eight fractions (F1-F8). F6 
(925 mg), eluted with DCM and MeOH solvent mixture, was subjected to 
silica gel column chromatography (CC) (2 × 100 cm, i.d.), initially 
eluted with DCM then the polarity was increased gradiently with MeOH. 
The DCM/MeOH (80:20, v/v) eluate afforded compound 1 (1.2 mg). 
VLC was used for initial fractionation of the Aq-F using gradient elution 
with DCM/MeOH (75:25, v/v) followed by EtOAc/MeOH gradients and 
gave ten fractions (I–X). 

Fraction I (13 g) was subjected to silica gel CC (2 × 100 cm, i.d.), 
with DCM/MeOH (95:5, v/v) as a developer, then polarity was gra-
diently increased with MeOH till DCM/MeOH (60:40, v/v). Similar 
fractions were combined and concentrated under reduced pressure to 
afford eleven subfractions (1–11). Subfraction I-2 (14 mg) was subjected 
to decantation and clarification using methanol to afford compound 2 
(1.5 mg). A part (0.5 g) of the subfraction I-8 (1.5 g) was subjected to 
Sephadex LH-20 (20 g) column chromatography (1.5 × 100 cm, i.d.) 
with MeOH, collecting 10 mL/fraction. Similar fractions were combined 
and afforded fourteen subfractions. Subfraction I-8–14 (31 mg) was 
further purified on Sephadex LH-20 (10 g) CC (1 × 50 cm, i.d.), eluted 
with MeOH in isocratic manner and afforded compound 3 (1.5 mg). 

Fraction II (30 mg) subjected to silica gel CC (1 × 50 cm, i.d.), eluted 
with DCM/MeOH (95:5, 90:10, and 85:15, v/v). The collected fractions 
were monitored by silica gel TLC to afford eight subfractions II-(1–8). 
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Subfraction II-2 (3 mg) was further purified using reversed-phase C18 
(RP-18) CC (0.5 × 20 cm, i.d.), eluted with MeOH/H2O (50:50, v/v) to 
afford compounds 4 (0.8 mg) and 5 (0.9 mg). 

Fraction VI (503 mg) was subjected to RP-18 CC (1.5 × 50 cm, i.d.), 
initially eluted with MeOH/H2O (05:95, v/v), then gradient increase in 
polarity till (50/50, v/v), collected as 15 mL/fraction, and afforded 
twenty sub-fractions. Subfraction VI-7 (30 mg) was further purified 
using RP-18 CC (0.5 × 20 cm, i.d.) with MeOH/H2O (20:80 v/v), iso-
cratically, to afford compound 6 (1.4 mg). Chromatography of the 
subfraction VI-19 (20 mg) by the same mode afforded compound 7 (10 
mg). 

Repeated chromatography of fraction IX (1.5 g) on silica gel CC (2 ×
50 cm, i.d.) with CHCl3/MeOH (90:10 then 80:20, v/v) afforded pure 
compound 8 (2.2 mg) and two crude samples (208 mg and 229 mg). 
Repeated chromatography of the former sample on RP-18 CC (0.5 × 20 
cm, i.d.) with MeOH/H2O (50:50, v/v) afforded pure compound 9 (2 
mg). Repeated chromatography of the later crude sample on Sephadex 
LH-20 column (1.5 × 100 cm, i.d.) with MeOH, isocratically, afforded 
compound 10 (2 mg). 

2.3.1. β-Sitosterol-3-O-β-D-glucoside (1) 
A white amorphous powder, 1H NMR (C5D5N-d5, 400 MHz): δH 3.94 

(1H, m, H-3), 5.36 (1H, brs., H-6), 0.68 (3H, s, H-18), 0.95 (3H, s, H-19), 
(3H, d, J = 6.4 Hz, H-21), 0.91 (3H, d, J = 7.8 Hz, H-26), 0.89 (3H, d, J 
= 7.8 Hz, H-27), 0.87 (3H, t, J = 7.1 Hz, H-29), 5.06 (d, J = 7.7 Hz, H-1′), 
and 3.94–4.60 (H-2′–H2-6′). 13C NMR (C5D5N-d5, 100 MHz): δc 37.9 (C- 
1), 30.7 (C-2), 78.5 (C-3), 39.8 (C-4), 141.4 (C-5), 122.4 (C-6), 32.6 (C- 
7), 32.5 (C-8), 50.8 (C-9), 37.4 (C-10), 21.7 (C-11), 40.4 (C-12), 42.9 (C- 
13), 57.3 (C-14), 25.0 (C-15), 29.0 (C-16), 56.7 (C-17), 12.4 (C-18), 19.9 
(C-19), 36.97 (C-20), 19.5 (C-21), 34.7 (C-22), 26.8 (C-23), 46.5 (C-24), 
29.9 (C-25), 19.7 (C-26), 20.4 (C-27), 23.9 (C-28), 12.6 (C-29), 103.0 (C- 
1′), 75.8 (C-2′), 79.1 (C-3′), 72.1 (C-4′), 78.9 (C-5′), and 63.3 (C-6′) [34]. 

2.3.2. Apigenin (2) 
A yellowish-white powder, 1H NMR (DMSO‑d6, 300 MHz): δH 6.76 

(1H, s, H-3), 6.16 (1H, d, J = 2.1, H-6), 6.45 (1H, d, J = 2.1, H-8), 7.90 
(2H, d, J = 8.8 Hz, H-2′, 6′), 6.90 (2H, d, J = 8.8 Hz, H-3′, 5′), and 12.95 
(1H, s, 5-OH). Positive FABMS m/z 271 [M + H]+ [35]. 

2.3.3. Apigenin-7-O-β-D-glucoside (3) 
A light yellow powder, 1H NMR (DMSO‑d6, 300 MHz): δH 6.84 (1H, s, 

H-3), 6.41 (1H, d, J = 2.1 Hz, H-6), 6.80 (1H, d, J = 2.1 Hz, H-8), 7.92 
(2H, d, J = 8.8 Hz, H-2′, 6′), 6.89 (2H, d, J = 8.8 Hz, H-3′, 5′), 5.04 (1H, 
d, J = 7.3 Hz, H-1′ ′), and 3.14–3.70 (H-2′–H2-6′). Positive FABMS m/z 
433 [M + H]+ [36]. 

2.3.4. 3-Methoxy-4-hydroxy benzoic acid (Vanillic acid) (4) 
A white amorphous powder, 1H NMR (CD3OD-d4, 500 MHz): δH 7.57 

(1H, d, J = 1.9 Hz, H-2), 6.83 (1H, d, J = 8.2 Hz, H-5), 7.55 (1H, dd, J =
8.2, 1.9 Hz, H-6), 3.90 (3H, s, OCH3). EIMS m/z (rel. int. %): 168 (100), 
[M]+, 153 [M− CH3]+, (50), 105 (69), and 97 (18) [37]. 

2.3.5. trans-Ferulic acid (5) 
A white amorphous powder, 1H NMR (CD3OD-d4, 400 MHz): δH 7.07 

(1H, d, J = 2.0 Hz, H-2), 6.95 (1H, d, J = 8.2 Hz, H-5), 7.05 (1H, dd, J =
8.2, 2.0 Hz, H-6), 7.55 (1H, d, J = 16.0 Hz, H-7), 6.28 (1H, d, J = 16.0 
Hz, H-8), and 3.89 (3H, s, OCH3). EIMS m/z (rel. int. %): 194 (100), 
Positive FABMS m/z 195 [M + H]+ [38]. 

2.3.6. 3,4,5-Trimethoxyphenol-1-O-β-D-glucoside (6) 
A white amorphous powder, 1H NMR (CD3OD-d4, 400 MHz): δH 6.49 

(2H, s, H-2, 6), 4.87 (1H, d, J = 7.6 Hz, H-1′), 3.18–3.37 (H-2′–H2-6′), 
3.69 (3H, s, 4-OCH3), and 3.84 (6H, s, 3, 5-OCH3). 13C NMR (CD3OD-d4, 
100 MHz): δC 155.6 (C-1), 95.9 (C-2), 154.7(C-3), 146.7 (C-4), 154.7 (C- 
5), 95.9 (C-6), 102.6 (C-1′), 74.8 (C-2′), 78.4 (C-3′), 71.6 (C-4′), 78.9 (C- 
5′), 62.3 (C-6′), 57.3 (3, 5-OCH3), and 61.7 (4-OCH3). Positive FABMS 

m/z 369 [M + Na]+ [39]. 

2.3.7. Acacetin-7-O-β-D-glucoside (7) 
A white amorphous powder, 1H NMR (DMSO‑d6, 300 MHz): δH 6.94 

(1H, s, H-3), 6.45 (1H, d, J = 2.1 Hz, H-6), 6.85 (1H, d, J = 2.1 Hz, H-8), 
8.05 (2H, d, J = 9.0 Hz, H-2′, 6′), 7.12 (2H, d, J = 9.0 Hz, H-3′, 5′), 5.07 
(1H, d, J = 7.2 Hz, H-1′ ′), 3.85–3.20 (H-2′ ′–H2-6′ ′), 3.85 (3H, s, 
4′–OCH3), and 12.91 (1H, s, 5-OH). 13C NMR (DMSO‑d6, 75 MHz): δC 
163.8 (C-2), 103.7 (C-3), 181.7 (C-4), 161.0 (C-5), 99.5 (C-6), 162.9 (C- 
7), 94.8 (C-8), 156.8 (C-9), 105.3 (C-10), 122.6 (C-1′), 128.6 (C-2′, 6′), 
114.6 (C-3′, C-5′),162.4 (C-4′), 128.4 (H-6′), 99.8 (C-1′ ′), 72.9 (C-2′ ′), 
77.1 (C-3′ ′), 69.5 (C-4′ ′), 76.3 (C-5′ ′), 60.5 (C-6′ ′), and 55.5 (4′–OCH3). 
Positive FABMS m/z 447 [M + H]+ [40]. 

2.3.8. Acacetin 7-O-(α-D-apio-furanosyl) (1 → 6)-β-D-glucoside (8) 
A yellow gummy residue, 1H NMR (DMSO‑d6, 500 MHz): δH 6.95 

(1H, s, H-3), 6.43 (1H, d, J = 2.1 Hz, H-6), 6.82 (1H, d, J = 2.1 Hz, H-8), 
8.06 (2H, d, J = 9.0 Hz, H-2′, 6′), 7.14 (2H, d, J = 9.0 Hz, H-3′, 5′), 3.86 
(3H, s, 4′–OCH3), 5.06 (1H, d, J = 7.4 Hz, glc-H-1′ ′), 3.16–3.66 (H- 
2′ ′–H2-6′ ′), 4.82 (1H, d, J = 3.0 Hz, api-H-1′ ′ ′), 3.74 (1H, dd, J = 2.9, 6.4, 
H-3′ ′ ′), 3.58 (1H, d, J = 9.3, H-4a ′ ′ ′), 3.88 (1H, d, J = 9.3, H-4b ′ ′ ′), and 
3.34 (1H, m, H-5′ ′ ′). 13C NMR (DMSO‑d6, 125 MHz): δC 163.9 (C-2), 
103.8 (C-3), 182.0 (C-4), 161.1 (C-5), 99.6 (C-6), 162.9 (C-7), 94.8 (C- 
8), 157.0 (C-9), 105.4 (C-10), 122.6 (C-1′), 114.6 (C-2′, 6′), 128.4 (C-3′, 
5′), 162.4 (C-4′), 55.6 (4′–OCH3), 99.8 (C-1′ ′), 73.0 (C-2′ ′), 76.2 (C-3′ ′), 
69.7 (C-4′ ′), 75.6 (C-5′ ′), 67.4 (C-6′ ′), 109.2 (C-1′ ′ ′), 76.0 (C-2′ ′ ′), 78.7 
(C-3′ ′ ′), 73.3 (C-4′ ′ ′), and 63.2 (C-5′ ′ ′). Positive FABMS m/z 579 [M +
H]+ [40]. 

2.3.9. Benzyl-7-O-β-xylopyranosyl (1′ ′→ 2′)-β-D-glucoside (9) 
A colorless needles; 1H NMR (DMSO‑d6, 400 MHz): δH 7.39 (2H, d, J 

= 7.1 Hz, H-2, 6), 7.31 (2H, t, J = 7.0 Hz, H-3, 5), 7.26 (1H, d, J = 7.1 Hz, 
H-4), 4.55 (1H, d, J = 12.2 Hz, H-7a), 4.81 (1H, d, J = 12.2 Hz, H-7b), 
4.38 (1H, d, J = 7.5 Hz, H-1′), 3.27 (1H, d, J = 7.4, H-2′), 3.11–3.67 (H- 
3′–H2-6′), 4.40 (1H, d, J = 7.2 Hz, H-1′ ′), and 295–3.67 (H-2′ ′–H-5′ ′). l3C 
NMR (DMSO‑d6, 100 MHz): δC 138.2 (C-1), 127.4 (C-2, 4, 6), 128.2 (C-3, 
5), 69.8 (C-7), 100.7 (C-1′) 82.5 (C-2′), 76.4 (C-3′), 69.6 (C-4′), 76.9 (C- 
5′), 60.9 (C-6′), 105.2 (C-1′ ′), 75.5 (C-2′ ′), 76.0 (C-3′ ′), 69.6 (C-4′ ′), and 
65.9 (C-5′ ′). Positive FABMS [M + Na]+ ion peak at m/z 425 [41]. 

2.3.10. Rosmarinic acid (10) 
A yellowish white residue, 1H NMR (CD3OD-d4, 400 MHz): δH 7.01 

(1H, d, J = 2.0 Hz, H-2), 6.76 (1H, d, J = 8.1 Hz, H-5), 6.92 (1H, dd, J =
8.1, 2.0 Hz, H-6), 6.25 (1H, d, J = 16.0 Hz, H-8), 6.74 (1H, d, J = 1.9 Hz, 
H-2′), 6.68 (1H, d, J = 8.1 Hz, H-5′), 6.60 (1H, dd, J = 8.1, 1.9 Hz, H-6′), 
2.96 (1H, dd, J = 14.2, 8.7 Hz, H-7′a), 3.08 (1H, dd, J = 14.4, 3.6 Hz, H- 
7′b), and 5.12 (1H, dd, J = 8.7, 3.6 Hz, H-8′). 13C NMR (CD3OD-d4, 100 
MHz): δC 127.7 (C-1), 115.2 (C-2), 146.9 (C-3), 149.7 (C-4), 116.5 (C-5), 
123.1 (C-6), 147.4 (C-7), 114.9 (C-8), 168.9 (C-9), 130.0 (C-1′), 117.6 
(C-2′), 146.2 (C-3′), 145.2 (C-4′), 116.3 (C-5′), 121.8 (C-6′), 38.0 (C-7′), 
75.9 (C-8′), and 175 (C-9′). Positive FABMS m/z 361 [M + H]+ [42]. 

2.4. Anticholinesterase assay 

AChE inhibitory effect of the isolated compounds (1–10) was 
measured by the improved spectrophotometric method of Ellman in a 
96-well plate reader using a Quanti-Chrome assay kit. In which the 
enzyme hydrolyses the substrate acetylthiocholine resulting in the 
product thiocholine which reacts with Ellman’s reagent [5,5-dithiobis- 
(2-nitrobenzoic acid), DTNB] to produce 2-nitrobenzoate-5-mercapto-
thiocholine and 5-thio-2-nitrobenzoate which can be detected at 412 
nm [43]. Donepezil was used as a positive control. 

2.4.1. Sample preparation 
Electrophorus electricus Anticholinesterase (eeAChE, included with 

the kits) was diluted to 400 U/L using assay buffer (pH 7.5). After 
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reconstitution of the substrate and the DTNB, they were stored at − 20 
℃. The test compounds were dissolved in DMSO, considering that the 
DMSO concentration of the 5 μL of test compounds added to the reaction 
should be (40%, v/v) DMSO or less. All components were equilibrated to 
the desired reaction temperature (room temperature). The reagent was 
prepared freshly and used within 30 min. 

2.4.2. 96-Well plate reaction preparation 
According to the manufacturer’s protocol, an equal volume (45 μL) 

of AChE was transferred into separate wells. An equal volume (45 μL) of 
assay buffer was transferred into one well, called no enzyme control 
well, which is considered as a 100% inhibition control. To the no 
enzyme control well and one well containing AChE (no inhibitor con-
trol), 5 μL of solvent that the test compounds were dissolved in (40% 
DMSO) was added. To the remainder of the wells contained AChE, 5 μL 
of the test compounds was added. The plate was incubated for 15 min. 
For each reaction well, 154 μL assay buffer with 1 μL substrate (100 mM) 
and 0.5 μL DTNB (1 mM) were added. Exactly 150 μL of this working 
reagent was added to each sample, sample blank, and no-inhibitor 
control wells. The plate was tapped to mix, and the optical density 
was read at 412 nm at 0 min and at 10 min in a plate reader (Bioline Elisa 
Plate Reader, India). 

% inhibition of acetylcholinesterase activity was calculated accord-
ing to the following formula:  

% inhibition = 1 − ΔOD test compound/ ΔOD no inhibitor × 100                  

Where ΔOD test compound is the OD412nm value of a test compound 
well at 0 min subtracted from the OD412nm value of a test compound well 
at 10 min and ΔOD no inhibitor is the OD412nm value of the no inhibitor 
control well at 0 min subtracted from the OD412nm value of the no in-
hibitor control well at 10 min. [3]. 

2.5. TERT activity assay 

In this study, telomerase reverse transcriptase (TERT) was used for in 
vitro quantitative determination of Human TERT activity. The human 
fibroblast cell line (HFB4), also known as normal human skin melano-
cyte cell line, was used as a model system for the study of possible 
propagation of telomerase in response to our test samples and curcumin. 

HFB4 cells (from VACSERA, Giza, Egypt) were maintained in RPMI- 
1640 medium supplemented with 10% heat-inactivated FBS, 100 U/mL 
penicillin, and 100 U/mL streptomycin. In this experiments, HFB4 cells 
were plated in a six well plate at a density of 2 × 105 cells/well and were 
incubated at 37 ℃ in a humidified atmosphere of 5% CO2 for 24 h. The 
cells were then treated with tested compounds, curcumin (positive 
control), or left without treatment (negative control). After 24 h, the 
supernatant was collected from all conditions, centrifuged for 20 min at 
1000 × g at 4 ℃ and the assay was immediately carried out on the 
supernatant. 

The microtiter plate provided in the kit was pre-coated with a TERT- 
specific antibody. The collected supernatant from the previous experi-
ment for the curcumin, samples, and no treatment wells were then 
added to the appropriate microtiter plate wells with a biotin-detection 
antibody specific to TERT. Next, streptavidin conjugated to Horse-
radish peroxidase (SABC) was added to each microplate well and incu-
bated. Only those wells that contain TERT, biotin-detection antibody, 
and enzyme-conjugated avidin exhibited a color change after 3,3′,5,5′- 
tetramethylbenzidine (TMB) substrate solution was added. The enzyme- 
substrate reaction was terminated by adding the stop solution and the 
color change was measured spectrophotometrically at a wavelength of 
450 nm. Then, the TERT concentration in the samples was determined 
by comparing the optical density of samples to the standard curve. 

2.5.1. Standard preparation 
The lyophilized TERT standard has been reconstituted by adding 1 

mL of standard/sample dilution buffer to make the 10 ng/mL standard 
stock solution. The solution was allowed to sit at room temperature for 
10 min, then gently mixed completely. Through adding 0.3 mL of the 
above stock solution in 0.3 mL of standard/sample dilution buffer, a 0.6 
mL of 5 ng/mL top standard was prepared. Two-fold serial dilutions of 
the top standards were performed to make the standard curve within the 
range of this assay. 

After all reagents, samples, and standards were prepared (30 min 
before the experiment), the plate was washed 2 times with 1X wash 
solution before adding standard, sample, and control wells. A 100 μL of 
each standard or samples was added into appropriate wells, the wells 
were covered and incubated for 1.5 h at 37 ℃. The cover was removed, 
and the plate content was discarded without washing. A 0.1 mL of 
biotin-detection antibody work solution [prepared in dilution buffer at 
(1:100, w/v)] was added into the above wells and the plate was sealed 
and incubated at 37 ℃ for 60 min. The solution was discarded, and the 
wells were washed 3 times with 1X wash solution then with wash buffer 
(350 μL). The plate was clapped on absorbent filter papers then 0.1 mL 
of SABC working solution [prepared in dilution buffer at (1:100, w/v)] 
was added into each well, the plate was covered and incubated at 37 ℃ 
for 30 min. The solution was discarded, and the wells were washed 5 
times with 1X wash solution. A 90 μL of TMB substrate was added into 
each well and the plate was covered and incubated at 37 ℃ in dark 
within 15–30 min. At the end of incubation, the shades of blue had been 
seen in the first 3–4 wells. A 50 μL of stop solution was added to each 
well and the result was read at 450 nm within 20 min. 

The relative OD450 = (OD450 of each well) – (OD450 of no treatment 
well). The standard curve plotted by drawing the relative OD450 of each 
standard solution (Y) versus the respective concentration of the standard 
solution (X). The human TERT concentration of the samples was inter-
polated from the standard curve. 

2.5.2. Statistical analysis 
Data were presented as mean ± standard deviation (SD). All analyses 

were carried out in triplicates. Graph Pad Prism 7 and Microsoft Excel 
2010 were used for the statistical and graphical evaluations. 

2.6. Molecular docking study 

The docking studies for the AChE tested compounds were operated 
on the crystal structure of human cholinesterase (PDB ID: 4BDT) using 
Open Eye® software [44–46]. The Open Eye Omega software was used 
to generate different ligand conformations. Docking was done using 
Fred and structure visualization was done with Vida. The interaction 
between the ligands and AChE was studied and the binding poses with 
the highest binding affinity were picked and compared. 

2.7. Shape alignment and scoring using ROCS analysis 

The Rapid Overlay of Chemical Structures (ROCS) application de-
termines the similarity between molecules based on their three- 
dimensional shape and color, which are important factors in exploring 
similarity between ligands in their binding proteins [47]. The standard 
anti AChE drug, donepezil, was selected as a query molecule and ROCS 
was used to explore compounds to determine the ones that are most 
similar in shape and color to donepezil [47,48]. 

3. Results and discussion 

The air-dried powdered aerial parts of T. erecta were extracted with 
MeOH/H2O (8:2) by maceration at room temperature. The dry meth-
anolic extract was fractionated to yield DCM and aqueous fractions. 
Repeated column chromatography of the DCM and aqueous MeOH 
afforded ten known compounds (1–10). The structural formula of the 
isolated compounds (Fig. 2) was solved based on their spectroscopic 
data and comparison with literature values. To the best of our 
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knowledge, compounds 6–8 are first reported in the Acanthaceae family, 
while compounds 4 and 9 are first reported in genus Thunbergia. 
Moreover, compounds 1, 2, 3, 5, and 10 were first isolated from the 
plant species. 

3.1. Anticholinesterase 

The isolated compounds were examined for their anticholinesterase 
activity against AChE in vitro using modified Ellman’s method [43]. The 
inhibitory effect of the tested compounds and the percentage of inhibi-
tion was evaluated. Compounds 4 and 2 showed potent enzyme inhi-
bition activity with IC50 30.80 and 37.33 ng/mL, respectively compared 
to standard drug donepezil (31.25 ng/mL) (Table 1). Compounds 1, 7, 
and 10 showed significant enzyme inhibition activity with IC50 values 
75.72, 49.57, and 83.02, respectively. To the best of what we know, this 
is the first report concerning the AChE inhibitory effect of compounds 1, 
2, 3, 6, 7, 8, and 9. While, compounds 4, 5, and 10 reported to have 
anticholinesterase effect, and the same isolated compounds from 
T. erecta are following published data in their AchE [49–51]. For 
instance, rosmarinic acid (10) has been reported to reduce the levels of 
protein carbonyls in the hippocampus and exerted significant effects on 
memory and learning in SAMP8 mice [52]. Demirezer et al. reported that 
the binding energies of rosmarinic acid, galantamine, huperzine A, and 
physostigmine to (AChE) were –8.0, –7.7, –7.5, and –7.0 kcal/mol, 
respectively. Rosmarinic acid showed the lowest binding energy 
implying that rosmarinic acid was more effective than galantamine, 
huperzine A, and physostigmine against AD [53]. Also, Apigenin (2) was 
reported to exert significant results in AD treatment. Zhao et al. 
demonstrated that 3-month oral treatment with apigenin relieved 
memory retention in APP/PS1 double transgenic AD mice [expressing a 
chimeric mouse/human amyloid precursor protein (Mo/HuAPP695swe) 
and a mutant human presenilin 1 (PS1-dE9)]. The apigenin ameliorative 
effect was attributed to reducing the oxidative stress (increasing SOD 
and GSH-Peroxidase activity) and reducing Aβ (amyloid β) burden 
through down-regulation of Beta-secretase 1 (BACE1) and Beta- 
carboxyl-terminal fragment (β-CTF) levels [54]. Also, apigenin was re-
ported to inhibit the activity of β-secretase, the principal enzyme 
responsible for break releasing the β-amyloid fragment, in a 
concentration-dependent manner in both cell-free and cell-based assay 
systems [55,56]. 

3.2. TERT activity 

Telomerase activators are essential for anti-ageing and telomerase- 
dependent disease treatments, as telomere shortening was associated 
with cellular ageing and telomerase-related gene mutations with mul-
tiple diseases [57]. Various studies exhibited that the ageing process can 
be overturned by telomerase activity in mice and rats [58]. A study 
exhibited that telomerase activation with overexpression of TERT in 
different tissues gives rise to a prolonged lifespan of up to 10% if 
compared to wild-type mice [59]. Another study showed that increased 

TERT expression in cancer-resistant mice delayed ageing and extend 
longevity by 40% [24]. Telomerase activation is a probably helpful 
technique for anti-ageing strategy and to fight age-related diseases 

In this study, we tested some isolated compounds from T. erecta for 
their anti-ageing activity in vitro using TERT enzyme assay and curcumin 
as standard (Table 2). The Normal melanocytes cell line (HFB4) was 
used as a model system in this study because the genetic background of 
melanocytes dictates how fast these cells reach replicative senescence. 
Noteworthy, it was also previously used as a model system to study the 
complexity of cellular aging and transformation [60]. From the obtained 
results (Table 2), compound 7 triggered a 1.66‑fold increase in telo-
merase activity at the concentration of 2.85 ng/ml. Telomerase activity 
triggered by compounds 2, 6, and 4 at their concentrations used (1.92, 
2.02, and 2.19 ng/ml, respectively), did not differ largely compared to 
the untreated cells. Moreover, curcumin was also a significant activator 
of telomerase at the examined concentration (1 µM), leading to a 
1.62–fold increase in telomerase activity relative to the untreated cells. 

The obtained significant telomerase activating effect of compound 7 
(flavone moiety) agreed with the formerly published data. Curcumin, a 
widely studied polyphenol nutraceutical, could delay symptoms of 
ageing. It caused the elongation of the lifespan of model organisms, 
alleviated ageing symptoms, and postponed the progression of age- 
related diseases in which cellular senescence is directly involved [61]. 
On the other hand, some secondary metabolites like resveratrol and 
genistein have been shown to downregulate telomerase, which was 
found to contributes to apoptosis of breast cancer (MCF-7) cells [22]. 
Moreover, flavonol compounds such as quercetin and its derivative 
quercetin caprylate were also reported to be proteasome activators with 
antioxidant properties [62]. According to Choi et al., apige-
nin–containing cream increased dermal density and elasticity, and 
reduced fine wrinkle length, suggesting that this compound holds 
promise as an anti-ageing cosmetic ingredient [63]. 

3.3. Molecular docking 

Molecular docking of compounds (1–10) and the standard drug 
donepezil with the human cholinesterases protein (PDB ID: 4BDT) [64] 
was performed to understand the mechanism of AChE inhibition by the 
isolated compounds. The receptor of this enzyme contains two parts; 
hydrophobic clefts and polar clefts. Hydrophobic pocket delimited by 
Tyr: 337A, Pro 446A, Tyr: 449A, Met: 443A and Trp: 439A. Polar cleft 
contains peptide VAL: 340A - PHE: 346A. Donepezil was docked with 
the receptor through the formation of one hydrogen bond (HB) with 
PHE: 346A by its amino group (HB donor). The skeleton of donepezil 
interacted with the receptor through hydrophobic-hydrophobic inter-
action (Fig. 3d). 

Among the isolated compounds, 2, 4, and 7 were the most promising 
in the molecular docking study as follows: Compound 2 (IC50: 37.33 ng/ 
mL) showed HB formation with ARG: 24A through its hydroxyl group at 
the C-7 position. Additionally, this compound exhibited another HB with 
SER: 347A through its hydroxyl group at position C-5 (Fig. 3a). Likewise, 
compound 4 (IC50: 30.8 ng/mL) docked with the receptor through the 
formation of HB with ARG: 24A by its hydroxyl group located at position 
C-4. The other parts of this compound interacted with the receptor 
through hydrophobic-hydrophobic interaction (Fig. 3b). In this regard 

Table 1 
In vitro enzyme inhibition activity of T. erecta isolated compounds 1–10.  

Compound % Inhibition IC50 (ng/mL) 
Conc. of compounds (µM)  
0.01 0.1 1 10 

1 32 56 68 85 75.72 ± 4.33 
2 37 59 79 89 37.33 ± 4.02 
4 37 62 77 83 30.8 ± 1.61 
5 27 50 69 84 127.9 ± 7.31 
6 22 38 71 83 212.03 ± 9.31 
7 32 61 75 84 49.57 ± 2.14 
8 21 37 58 79 372.70 ± 21.3 
9 30 50 68 87 107.70 ± 6.16 
10 31 53 71 88 83.02 ± 4.74 
Donepezil 33 68 79 88 31.25 ± 2.64  

Table 2 
Results of the TERT enzyme assay of some isolated compounds from T. erecrta.  

Compound Concentration (ng/mL) Fold 

2 1.921 ± 0.0168 1.12077 
4 2.197 ± 0.0257 1.281797 
6 2.025 ± 0.0444 1.181641 
7 2.853 ± 0.0137 1.664527 
Curcumin 2.78 ± 0.0251 1.621937 
HFB4 (control) 1.714 ± 0.0670 1  
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and according to the binding mode for these two compounds, the hy-
droxyl group at C-4 (for compound 4) and C-7 (for compound 2) 
exhibited HBs formation with the same amino acid indicating that both 
compounds have shape similarity to each other. Moreover, the presence 
of hydroxyl-phenyl-carbonyl moiety is crucial for anticholinesterase 
activity (Fig. 4). 

Compound 7 (IC50: 49.57 ng/mL) interacted with LYS: 51A through 
HB formation by the oxygen atom of the heterocyclic ring of flavonoid 
moiety (HB acceptor), while the rest of the aglycone part displayed 
hydrophobic-hydrophobic interaction. The sugar part of this compound 
revealed two HBs formation with PHE346A (HB donor) and GLY: 345A 

Fig. 3. Visual representation of compounds 2 (a), 4 (b), 7 (c), and donepezil (d) docked with PDB ID: 4BDT. H-bonds are shown with green dotted lines. (For 
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 

Fig. 4. 2D structures for compounds 2 and 4 with common pharmaco-
phoric features. 

Fig. 5. 2D structure of compounds 2 and 7 with HB interaction.  
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(HB acceptor) through hydroxyl groups at positions C-3 and C-4 
(Fig. 3c), respectively. This explains the important HB formation with 
PHE: 346A as recorded in the standard drug donepezil. 

In a comparative interpretation between compounds 2 and 7, which 
are originated from the same nucleus (flavone), the hydroxyl group at C- 
7 of compound 2 formed HB with ARG: 24A, while, in compound 7, the 
hydroxyl group at C-7 position was blocked by sugar moiety. This evi-
dence guides us to the important role of the free hydroxyl group at this 
position (Fig. 5). 

3.4. Shape similarity using ROCS techniques 

Rapid overlay of chemical structures (ROCS) is used to understand 
the similarity between molecules based on their three-dimensional 
shape. Shape similarity is considered as a crucial descriptor for 
computational drug discovery to demonstrate and see effectively about 
the protein–ligand interactions [47]. Shape exhibits good neighborhood 
behaviors that high similarity in shape behaves reflective of high simi-
larity in biology and not by any means similar in 2D [48]. The ROCs 
analysis outputs are the overlay between the query and database mol-
ecules as presented by ROCS and VIDA applications. The visualization of 
the query includes shape counter, shape atoms, and color atoms labels. 
The color shape of query I (reference compound 4BDT), illustrated the 
following atoms labels 4 rings, 3 donors, and 3 acceptors (Fig. 6a). The 
color shape of query II (donepezil), illustrated 4 rings, 1 donor, 3 ac-
ceptors (Fig. 7a). Compound 2 showed overlay with a query I and query 
II, as represented in (Fig. 6c and 7C, respectively). 

The second output of the analysis of ROCS is Tanimoto scores and 

these scores represent various aspects of that alignment. Shape Tani-
moto (Tanimoto coefficient) and Color Tanimoto are the two core 
scoring methods. Tanimoto Combo is the sum of the two independent 
components (Shape and Color Tanimoto). Shape Tanimoto illustrates 
the shared volume and mismatch volume and has a scale from 0 to 1, 
while Color Tanimoto reflects the degree of matching or mismatching of 

Fig. 6. Visual representation shape and color atoms of 4BDT (a) and compound 2; (b): Overlay and alignment of compound 2 on 4BDT shape.  

Fig. 7. Visual representation shape and color atoms of donepezil (a) and compound 2, (b) Overlay and alignment of compound 2 on donepezil shape.  

Table 3 
Tanimoto Combo (TC) score of the tested compounds compared to 4BDT.  

Compound Tanimoto Combo Shape Tanimoto Color Tanimoto 

4BDT ligand 2.00 1.00 1.00 
Donepezil 0.667 0.448 0.218 
2 0.976 0.649 0.327 
4 0.805 0.549 0.256 
6 0.793 0.594 0.198 
7 0.457 0.315 0.141  

Table 4 
Tanimoto Combo (TC) score of the tested compounds compared to donepezil.  

Compound Tanimoto Combo Shape Tanimoto Color Tanimoto 

Donepezil 2.00 1.00 1.00 
4BDT ligand 0.618 0.482 0.136 
2 0.815 0.616 0.199 
6 0.608 0.488 0.120 
4 0.528 0.350 0.178 
7 0.466 0.364 0.101  
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light chemical characteristics in 3 dimensions and also has a scale from 
0 to 1.0. (Table 3 and 4). The scores are computed, and the process was 
repeated to each conformation of the query molecules (I and II) and each 
confirmation for the database compounds 2, 4, 6, and 7 (Tables 3 and 4). 
Compound 2 showed a higher score in Tanimoto combo to lead I (as a 
query) equal to 0.97 rather than the lead II (as a query) which equal to 
0.81. 

3.5. Structure property relationship (SPR) 

The fast method for assessing the drug-like properties of the bioac-
tive compound is applying ‘Lipinski’s rule of five [65]. The rule is sig-
nificant for drug development where a pharmacologically active lead 
structure is streamlined step-wise for increased activity and selectivity 
just as drug-like properties as described by Lipinski’s rule. After the 
application of the rule of five on the tested compounds, the compounds 
2, 4, 6, and 7 obey the Lipinski’s rule (Table 5) and they could be used 
orally. 

4. Conclusion 

This study describes the isolation and spectroscopic characterization 
of ten compounds from Thunbergia erecta aerial parts. The majority of 
these compounds were evaluated for their inhibitory potential against 
AChE. Experimental study indicated that compounds 4 and 2 exhibited a 
potent inhibition of AChE followed by compounds 7, 1, and 10. The 
higher affinity of compounds 4 and 2 towards the AChE peptide 

suggested the possible development of such compounds against Alz-
heimer’s disease and other neurodegenerative disorders. Molecular 
docking analysis of compounds 2, 4, and 7 with AChE confirmed the 
experimental results. According to our studies from in vitro and in silico 
perspectives, compound 2 could be considered as a drug candidate and 
as a lead drug for the development anti-Alzheimer’s disease agents. This 
could occur through a semisynthetic approach which will be considered 
in our near future work. Compound 7 generated a 1.66‑fold increase in 
telomerase activity, suggesting that this compound is a hopeful candi-
date for anti-ageing interventions. By reviewing current literatures, 
there were little studies about telomerase activators until now, and this 
can encourage scientists to detail studies about telomerase activators to 
preserve healthy and support a long-life span. 
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Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.bioorg.2021.104643. 

Table 5 
Structure-property relationship and application of the rule of five.  

Compound Structure Mwt. No. of HB donor No. of HB acceptor Log P 

1 576 4 6 6.05 

2 270 3 5 1.9 

3 432 6 10 0.06 

4 168 2 4 1.35 

5 194 2 4 1.42 

6 346 4 9 − 0.57 

7 446 5 10 0.33 

8 578 7 14 − 0.98 

9 402 6 10 − 1.49 

10 360 5 8 2.07  
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[7] S. López, J. Bastida, F. Viladomat, C. Codina, Acetylcholinesterase inhibitory 
activity of some Amaryllidaceae alkaloids and Narcissus extracts, Life Sci. 71 (21) 
(2002) 2521–2529. 

[8] M. Mehta, A. Adem, M. Sabbagh, New acetylcholinesterase inhibitors for 
Alzheimer’s disease, Int J Alzheimers Dis. 2012 (2012). 

[9] K. Sharma, Cholinesterase inhibitors as Alzheimer’s therapeutics, Mol. Med. 
Reports 20 (2) (2019) 1479–1487. 

[10] B. Imtiaz, A.-M. Tolppanen, M. Kivipelto, H. Soininen, Future directions in 
Alzheimer’s disease from risk factors to prevention, Biochem. Pharmacol. 88 (4) 
(2014) 661–670. 

[11] D. Imtiaz, A. Khan, A. Seelye, A mobile multimedia reminiscence therapy 
application to reduce behavioral and psychological symptoms in persons with 
Alzheimer’s, J. Healthcare Eng. 2018 (2018). 

[12] X. Xia, Q. Jiang, J. McDermott, J.D.J. Han, Aging and Alzheimer’s disease: 
comparison and associations from molecular to system level, Ageing Cell 17 (5) 
(2018). 
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