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INTRODUCTION 
Alzheimer's disease (AD) is a progressive brain ailment that 
leads to a slow and irreversible loss of memory, linguistic 
ability, spatial and temporal perception, and ultimately the 

capacity to take care of oneself.  In those 65 years of age and 
beyond, late-onset Alzheimer's disease is now known to be 
the most common cause of mental function loss [1-2]. The 

ABSTRACT  ARTICLE INFO 
The age-related neurodegenerative illness known as Alzheimer's disease (AD) is typified by 
the unavoidable decline in cognitive function. Existing drugs has limitations, therefore there 
is an urgent need for new neurotherapeutic agents. There has been a lot of excitement in 
recent years about finding therapeutic herbs that can restore cognitive impairment due to 
their lower side effects. The aim of the study is to evaluate the cholinesterase inhibitory and 
antioxidant potentials of Zapoteca portoricensis (Jacq.) H.M. Hern root extracts and also 
identify the bioactive molecules present. Ellman colorimetric assay was used to evaluate the 
cholinesterase inhibitory potentials of various extracts at 1 mg/mL. The antioxidant potentials 
of extracts were evaluated using in-vitro chemical analysis. GC-MS was used to identify 
bioactive molecules from  most active extract. One-way ANOVA at α0.05 was adopted. Ethyl 
acetate extract showed the highest acetylcholinesterase (IC50 = 0.149±0.00 mg/mL) and 
butyrylcholinesterase (IC50 = 0.393±0.02 mg/mL) inhibitory potential as compared to eserine 
for AChE (IC50 = 0.051±0.01 mg/mL) and for BuChE (IC50 = 0.049±0.00 mg/mL). Ethyl 
acetate extract also demonstrated its potential to chelate metals (IC50 = 0.106±0.02 mg/mL) 
as compared to EDTA (IC50 = 0.086±0.00 mg/mL). The DPPH radical scavenging potential 
was higher in ethyl acetate extract (IC50 = 0.082±0.05 mg/mL) when compared to vitamin C 
(IC50 = 0.008±0.00 mg/mL). The total antioxidant capacity of extracts revealed that ethyl 
acetate extract also has the highest concentration (125.5±14.3 mg/g AAE/g of extract 
(R2=0.9276)). The GC-MS analysis of ethyl acetate extract revealed the presence of 62 
compounds which includes n-Hexadecanoic acid (RT 14.81, Area % 10.03), 9,12-
Octadecadienoic acid (Z,Z)- (RT 15.97, Area % 10.03), cis-9-Hexadecenal (RT 16.01, Area 
% 8.36). The ethyl acetate extract from the root of Zapoteca portoricensis has the aptitude 
to prolong the half-life of acetylcholine by its ability to inhibit cholinesterase enzyme. 
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most common type of dementia is AD. Someone in the world 
develops dementia every 3 seconds. In 2020, there are over 
55 million people in the world living with dementia. This 
number is expected to double every 20 years to 78 million in 
2030 and 139 million in 2050 [3]. Alzheimer's sufferers' brains 
exhibit characteristic structures known as tangles and 
plaques, which are improperly structured proteins that are 
thought to be the disease's signature [4]. These distinctive 
formations are not present in every area of the brain. Memory-
related areas are the most prominently affected.  
The primary causes of deteriorating cognitive performance in 
AD patients are the degeneration of cholinergic neurons in the 
brain and loss of neurotransmission. The cholinergic 
hypothesis states that the primary cause of AD is a decrease 
in acetylcholine (ACh) synthesis, which is triggered by the 
cholinesterase enzyme. Consequently, cholinesterase (ChE) 
is an important therapeutic target for the treatment of AD [5-
6]. One possible treatment strategy is to increase the 
cholinergic level of the brain by inhibiting the biological activity 
of cholinesterase using cholinesterase inhibitors which are 
able to increase the function of neural cells by increasing the 
concentration of acetylcholine [7]. A variety of ChE inhibitors 
have been produced which includes donepezil, galantamine, 
rivastigmine and memantine used to treat AD and currently 
accessible on the market [8-9]. Nevertheless, these 
medications have a limited window of effectiveness, and they 
have a variety of dose-related adverse effects, especially at 
larger dosages [10]. 
As of late, lecanemab and aducanumab (anti-amyloid 
monoclonal antibodies (MABs)) have been endorsed within 
the USA by FDA for AD treatment especially in patients with 
mild cognitive impairment or mild dementia stage of the 
progressive neurodegenerative ailment [11-13]. The first 
disease-modifying treatments for Alzheimer’s disease are the 
anti-amyloid monoclonal antibodies; they reduce the disease 
clinical decline by interfering with its fundamental molecular 
mechanisms.  Aducanumab is categorized as a monoclonal 
antibody of the human immunoglobulin gamma 1 (IgG1) class 
of immunotherapeutics. Via the blood-brain barrier, it 
specifically targets and binds aggregated soluble oligomers 
and insoluble fibril conformations of Aβ plaques in the brain to 
carry out its mechanism of action. [14-16]. On the other hand, 
monoclonal antibodies have adverse effects. Patients should 
be closely watched for the development of amyloid-related 
imaging abnormalities (ARIA) such as ARIA-edema (ARIA-E), 
ARIA-hemosiderin deposition (ARIA-H) microhemorrhage, 
ARIA-H superficial siderosis, and infusion reactions during the 
initial phase of treatment. [17-18].  Therefore, there is urgent 
need to continue to explore all therapeutic targets for 
Alzheimer’s disease with the aim of discovering and 
development of new neurotherapeutic agents with high 
efficacy and little or no limitations. 
It has been found that cholinesterase inhibitory activity is 
present in many therapeutic herbs.  Substances separated 
from Acorus tatarinowii Schott (Acoraceae) rhizome were 
found to inhibit acetylcholinesterase [19]. Methanolic extract 

made from Adhatoda vasica (Acanthaceae) plant parts was 
discovered to be AChE inhibitor [20]. Sesuvium 
portulacastrum (Aizoaceae), methanolic leaf extract which is 
known to have a high concentration of alkaloids as shown by 
phytochemical analysis, was found to have dual cholinergic 
inhibitory activity [21]. A flavonoid included in Silybum 
marianum (Asteraceae) called silibinin has the ability to 
prevent the aggregation of AChE and Aβ peptides [22]. 
Zapoteca portoricensis (Jacq.) H.M. Hern (Fabaceae), 
commonly called white stickpea, is a perennial shrub with 
slender unarmed branches and with small oral green leaves. 
In Eastern Nigeria, its various plant components are utilized 
to treat conditions like skin infections, protracted labor, 
convulsions, and constipation. Several pharmacological 
activities of Zapoteca portricensis has been reported such as 
anti-ulcer activity [23], anti-inflammatory effect [24], anti-
microbial effects [25], treatment of testosterone induced 
benign prostate hyperplasia [26], anti-trypanosoma potentials 
[27], hepatoprotective and antioxidant effects [28], and 
treatment and management of sexually transmitted infection 
[29]. 
Alzheimer disease prevention or treatment with natural 
compounds may be an approach that is capable of targeting 
a number of different molecular events implicated in its 
pathogenesis. The aim of the study is to evaluate the 
cholinesterase inhibitory activities and antioxidant potentials 
of Zapoteca portoricensis (Jacq.) H.M.Hern root extracts and 
also identify the bioactive molecules present using Gas 
Chromatography-Mass Spectrometry. 
 
 
MATERIALS AND METHODS 
Materials and Equipment 
Reagents/Solvents 
Methanol, n-hexane, ethyl acetate, ferric chloride (FeCl3), 
sulphuric acid (H2SO4), acetylthiocholine iodide (ATChI), 
butyrylthiocholine chloride (BuChCI), acetylcholinesterase, 
butyrylcholinesterase, Tris-HCl buffer, eserine, ascorbic acid 
(AA), sodium phosphate (NaH2PO4.2H2O), ammonium 
molybdate, Vitamin C, DPPH, FeCl2, ferrozine are of 
Analytical grade obtained from Sigma Aldrich and Loba 
Chemie, India. 
Equipment 
Microplate reader (EPOCH 2, BioTek), Weighing balance 
(M411L, M-Metlar, Nigeria), water bath (HH-2), rotary 
evaporator (BUCHI, R-300), GC-MS-QP2010SE SHIMADZU 
JAPAN machine. 
 
Plant Collection 
The plant roots were collected in the month of February, 2023 
from Obollo Afor, Enugu State, Nigeria. Mr. Felix Nwafor, a 
taxonomist at the University of Nigeria, Nsukka, Department 
of Pharmacognosy and Environmental Medicine, recognized 
the plant. A voucher sample (PCG/UNN/0318) was deposited 
in the herbarium. The roots (1.1 Kg) were shade dried for two 
weeks and then grinded. The powdered root was weighed and 
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found to be 658.2g and then stored in a clean air tight 
container prior to use. 
 
Plant Extraction 
Here, the extraction method is a sequential extraction method 
based on the eluent's rising polarity. For the extractions, n-
hexane, ethyl acetate, and methanol were the three solvents 
utilized. The powdered plant material (658.2 g) was placed 
inside a maceration jar and macerated with 3 L of n-hexane 
and then filtered after 72 hours to get filtrate. After the marc 
had air dried, 3 L of ethyl acetate was added, and it was left 
to stand for an additional 72 hours while being constantly 
stirred every 8 hours. After filtering and drying the marc, two 
liters of methanol were added, let it rest for seventy-two hours, 
and then it was filtered again. The filtrates were subsequently 
concentrated at 40°C using a rotary evaporator set to low 
pressure. 
 
Cholinesterase Inhibitory Assay 
Spectrophotometric analysis was used to assess the 
inhibitions of acetylcholinesterase (AChE) and 
butrylcholinesterase (BuChE) [30]. 240 µL of buffer (50 mM 
Tris-HCl, pH 8.0) and 20 µL of test sample concentrations (1, 
0.5, 0.25, 0.125, 0.06255, 0.03125 mg/mL) were put to 96-
well plates, along with 20 µL of the enzyme preparation (0.28 
U/mL). Following a 30-minute incubation period at 37°C, 20 
µL of 10 mM DTNB (5,5’-dithiobis-(2-nitrobenzoic acid) was 
added to the reaction mixture. Then, 20 µL of 25 mM 
ATChI/BChCl was added to start the reaction. Afterwards, the 
absorbance change per minute (∆A/min) was measured 
spectrophotometrically at 412 nm to ascertain the rate of 
hydrolysis of ATChI/BChCl. As a negative control, a buffer 
solution was employed. Every assay was run in triplicate. The 
positive control utilized was eserine {(-) physostigmine}. 
Percentage inhibition was calculated using Equation 1.  
 
𝐼% = [(𝑉𝑜 − 𝑉𝑖)/𝑉𝑜] × 100 … … … … 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1  
   
where:  
I (%) = Percentage inhibition 
Vi = absorbance of test sample 
Vo = absorbance of control sample 
 
Metal Chelation Assay 
Metal chelation potential of extracts was performed in 
accordance with Singh and Rajini's [31] methodology. Twenty 
times as much ferrozine (5 mM) as 2 mM FeCl2•4H2O was 
diluted in solutions. Briefly, an aliquot one milliliter (1 mL) of 
various extract concentrations was combined with one 
milliliter (1 mL) of FeCl2•4H2O. Ferrozine (1 mL) was added to 
start the reaction after it had been incubated for 5 minutes. 
After giving the combination a good shake and letting it sit for 
a further 10 minutes, the absorbance of the mixture was 
measured using a spectrophotometer set to 562 nm. Using 
the formula below (Equation 2), the percentage inhibition of 

the production of the ferrozine–Fe+2 combination was 
determined: 
 
𝐶𝐸 % = [(𝐴 − 𝐴 )/𝐴 ] × 100 … … . 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2 
 
where  
CE is the chelating effect 
Ac is the absorbance of the control sample (which contains 
ferrozine and FeCl2, complex formation molecules) and 
 As is the absorbance of the tested sample  
 
Radical Scavenging Assay using DPPH Assay 
According to Brand-Williams [32], the extracts' capacity to 
scavenge radicals was assessed using the stable radical 
DPPH (2,2-diphenyl-1-picrylhydrazyl hydrate). DPPH is 
reduced when it reacts with an antioxidant that has the ability 
to donate hydrogen. Using spectrophotometry, the color shift 
from deep violet to light yellow was measured at 517 nm. One 
milliliter of 0.3 millimeter DPPH in methanol was added to one 
milliliter of various concentrations (1, 0.5, 0.25, 0.125, 
0.06255, and 0.03125 mg/mL) of the extracts or standard 
(Vitamin C) in a test tube. After mixing the mixture and letting 
it sit in the dark for thirty minutes, the absorbance at 517 nm 
was measured and compared to a DPPH control that had only 
one milliliter of methanol instead of the extract. The percent of 
inhibition (I%) was calculated using Equation 3. 
 

𝐼% = [(𝐴 − 𝐴 )/𝐴 ] × 100 … … … 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3 
 
where:      
As is the absorbance of the test compound and Ab is the 
absorbance of the control reaction, which contains all of the 
reagents except for the test compound.  
The graph that plotted the percentage of inhibition against 
extract concentration was used to compute the sample 
concentration that provided 50% inhibition (IC50). 
 
Total Antioxidant Capacity 
According to the method described by Prieto [33], one milliliter 
of the reagent solution, which contained 0.6 M sulfuric acid, 
28 mM sodium phosphate (NaH2PO4.2H2O), and 4 mM 
ammonium molybdate, was added to 0.1 milliliter of the 
extracts or standard solutions of ascorbic acid (0.02, 0.04, 
0.06, 0.08, 0.1 mg/mL). For ninety minutes, the tubes holding 
the reaction mixture were incubated at 95 degrees Celsius in 
a water bath. After allowing the combination to stand and 
settle to room temperature, the absorbance at 695 nm was 
measured in comparison to a blank which consisted of the 
reacting mixture containing distilled water in place of the 
extract. The antioxidant activities are expressed as mg of 
AAE/g of the extracts using Equation 4: 
 

𝑦 = 𝑚𝑥 + 𝑐 … … . 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4 
 
where y is the absorbance of sample, m and c values from the 
straight line curve of AA. 
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Gas Chromatography Mass Spectrometry (GC-MS) 
Analysis  
The GC-MS procedure was carried out using GCMS-
QP2010SE Shimadzu, Japan machine. The chemicals 
included in the Zapoteca portoricensis ethyl acetate extract 
were analyzed using a Gas Chromatography Mass 
Spectrometer that was set to operate at a temperature range 
of 60.0°C to 300.00°C, with a hold duration of 1.5-4.6 minutes 
and a rate of 14 C/min. The chromatographic settings were as 
follows: split injection mode, helium 99.999% carrier gas, with 
a column flow rate of 3.22 mL/min. 60.0 °C for the column 
oven, 250.00 °C for the injection, a linear velocity flow control 
mode, 144.4 kPa of pressure, 22.6 mL/min for the total flow, 
32.2 mL/min for the column, 46.3 cm/sec for the linear 
velocity, 3.0 mL/min for the purge, and 5.1 split ratio. Through 
the use of National Institute Standard and Technology (NIST) 
library software and GC-MS spectra, the compounds were 
identified along with their respective retention indices.  
 
Statistical Analysis  
Graphpad Prism 7 was used for the statistical analysis. The 
data was presented in triplicate parallel measurements and as 
mean ± S.D. One-way ANOVA was used for statistical 
analysis, and at α0.05, Dunnett's Multiple Comparisons test 
was used. At the 5% significance level (P < 0.05), differences 
in means were deemed noteworthy. Microsoft Excel was used 
to create standard curves and calculate the 50% inhibitory 
concentration (IC50) values. 
 
 
RESULTS AND DISCUSSION 
Cholinesterase Inhibitory Activity of Extracts of Zapoteca 
Portoricensis Root 
Colorimetric assay method was adopted to evaluate the 
cholinesterase inhibitory potential of extracts of Zapoteca 
portoricensis root. In principle, 5-thio-2-nitrobenzoate (TNB) is 
produced when acetylcholinesterase (AChE) hydrolyzes 
acethylcholine to thiocholine. This thiocholine then interacts 
with 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB). 
Cholinesterase (AChE) activity is reflected in the absorbance 
of TNB, which is used to measure its concentration. The half-
maximal inhibitory concentration (IC50) is a measure of the 
effectiveness of a compound in inhibiting 
biological/biochemical function. The lower the IC50 value, the 
higher the activity. Ethyl acetate extract had the highest 
acetylcholinesterase inhibitory activity, with an IC50 value of 
0.149±0.00 mg/mL (74.60±2.25% inhibition) as compared to 
eserine inhibition on acetylcholinesterase (IC50=0.050±0.01 
mg/mL, 63.64±3.90%) at 0.1 mg/mL. Moreover, 
acetylcholinesterase was significantly inhibited by methanol 
extract at 61.05±1.64% (IC50 = 0.368±0.02 mg/mL), while n-
hexane extract had the lowest average percentage of 
inhibition at 56.59±2.35% (IC50 = 0.444±0.06 mg/mL) (Figure 
1). The extract derived from ethyl acetate exhibited the 
greatest inhibitory efficacy against butyrylcholinesterase (IC50 
= 0.393±0.02 mg/mL, 60.80±1.54% ) when compared to 

standard eserine (IC50 = 0.049±0.00 mg/mL, 61.33±2.37%) at 
0.1 mg/mL, methanol extract also showed good 
butyrylcholinesterase inhibition (IC50 = 0.562±0.03 mg/mL, 
59.25±2.86%) and n-hexane extract having a minimal 
butyrylcholinesterase inhibition (IC50 = 0.913±0.11 mg/mL, 
50.79±3.69%) (Figure 2). Our findings suggest that, 
components found in ethyl acetate extract of Z. portoricensis 
could prevent catalytic hydrolyses of acetylcholine, thereby 
increasing its half-life in the brain. To further corroborate our 
findings, several medicinal plants in family Fabaceae have 
been reported for use in the treatment of neurological 
disorders. Physostigmine a reversible acetylcholinesterase 
inhibitor approved by FDA originally was isolated from the 
seed of calabar bean Physostigma venenosum L. (Fabaceae) 
[34, 35]. 
 
Metal ion Chelating Activity 
The metal chelating abilities of plant extracts of Zapoteca 
portoricensis root was evaluated. The ethyl acetate extract of 
Z. portoricensis root at 1 mg/mL concentration showed good 
metal chelating activity (IC50 = 0.106±0.02 mg/mL) as 
compared to the EDTA (IC50 = 0.086±0.0005 mg/mL).The 
ethyl acetate extract of Z. portoricensis extract also had 
smaller IC50 value demonstrated higher metal chelation 
activity when compared to the n-hexane extract (IC50 

=1.005±0.06 mg/mL) and methanol extract (IC50 = 0.230±0.1 
mg/mL) (Figure 3). The result illustrated that ethyl acetate 
extract can effectively attenuate the ROS-mediated neuronal 
death in Alzheimer’s disease due to bioactive compounds 
present in them. As a specialized organ, the brain depends on 
metal ions for several critical cellular functions. Because of 
this, the brain has a comparatively high concentration of 
transition metals, including iron, zinc, and copper, which are 
involved in synaptic neuronal activity and maintain the 
functionality of different metalloproteins. For this reason, cells 
have evolved highly developed machinery to regulate metal-
ion homeostasis. But if these processes fail, or if metals that 
have no known biological purpose are absorbed, the ionic 
balance is upset, which can lead to a variety of diseases, 
including AD and other neurodegenerative conditions [36]. A 
number of research conducted in the past several years have 
demonstrated the crucial role that metal ions play in the 
pathophysiology of major brain illnesses including 
Alzheimer's. Potential treatments for illnesses involving metal 
ion imbalance have been proposed, including metal ion 
chelators. A great area to apply the metal chelator strategy to 
therapy is neurodegeneration. Restoring ionic equilibrium by 
more effective and nuanced manipulation of metal ion 
homeostasis appears to be the aim in neurodegeneration. 
Therefore, we require mild chelators that can coordinate 
harmful metals without upsetting metal homeostasis. 
Numerous natural compounds with diverse origins have been 
assessed preclinically and clinically for their neuroprotective 
properties in averting and reducing the multifactorial 
pathologies associated with Alzheimer's disease. Naturally 
occurring polyphenols, such as curcumin, epigallocatechin-3-
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gallate (EGCG), quercetin, myricetin, and others, are 
considered candidate therapeutics for AD due to their metal 
chelating potentials [37-38]. 

DPPH Radical Scavenging Activity 
According to the current findings, every extract that was tested 
exhibited moderate to strong antioxidant activity. Ethyl acetate  

 

                                 
 

Figure 1: AChE inhibitory potentials of extract(s) of Zapoteca portoricensis root 
 

Where  HZP (hexane extract), EZP (ethyl acetate extract), MZP (methanol extract) 
 
 

 
Figure 2: BuChE inhibitory potentials of extract(s) of Zapoteca portoricensis root 

 
      HZP (hexane extract), EZP (ethyl acetate extract), MZP (methanol extract) 
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Figure 3: Metal chelating potentials of Zapoteca portoricensis extract(s) 
 
Where HZP (hexane extract), EZP (ethyl acetate extract), MZP (methanol extract) 
 
 
 

 
Figure 4: DPPH radical scavenging activity of Zapoteca portoricensis root extract(s) 
 
Where HZP (hexane extract), EZP (ethyl acetate extract), MZP (methanol extract) 
 
 

extract of Zapoteca portoricensis, at concentration of 1 mg/mL 
showed the highest percentage inhibition of 64.38±0.31% 
(IC50 = 0.082±0.05 mg/mL) when compared to vitamin C (IC50 
of 0.008±0.00 mg/mL) at 0.01 mg/mL (Figure 4). Methanol 
extracts (IC50 = 0.519±0.1 mg/mL, 56.86±5.31% inhibition) 
and n-hexane extracts (IC50 = 0.428±0.02 mg/mL, 
63.75±2.27% inhibition) also showed ability to scavenge the 
DPPH radical. Thus, one can say that ethyl acetate extract of 
Z. portoricensis has a very good DPPH scavenging activity 
due to the presence of anti-oxidant compounds such as 
flavonoids and tannins in them. A straightforward and 
accurate technique for assessing radical scavenging effect is 

to use DPPH, which is based on the stable free radical's 
capacity to decolorize in the presence of antioxidants [39]. 
Furthermore, it has been established that the primary cause 
of the antioxidant effect of plant products is the radical-
scavenging activity of phenolic compounds, including tannins, 
flavonoids, polyphenols, and phenolic terpenes, which 
stabilize diphenyl-2-picrylhydrazyl (DPPH) free radicals by 
donating an electron or a hydrogen ion [40-41]. Free-radical 
scavenging antioxidant therapy may be used to prevent, treat, 
or mitigate a number of these conditions, including AD [42]. 
Also, Fabaceae are associated with a high antioxidant activity 
and a high total phenolic, total flavonoid contents [43-44].  
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Figure 5: Total antioxidant capacity of Zapoteca portoricensis extract(s) 
 
Where HZP (hexane extract), EZP (ethyl acetate extract), MZP (methanol extract) 
 
 

 
Figure 6: GC-MS chromatogram of ethyl acetate extract of Zapoteca portoricensis root 
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Table 1: Molecules identified from the ethyl acetate extract of Zapoteca portoricensis root using GC-MS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Peak# RT Area% Molecular 
weight 

Molecular 
formula 

Compound name 

1 5.869 0.54 120 C9H12 Benzene, 1,2,4-trimethyl- 
2 6.193 0.36 120 C9H12 Benzene, 1,2,4-trimethyl- 
3 6.333 0.20 118 C9H10 Benzene, 2-propenyl- 
4 6.541 0.37 134 C9H10O 2-Indanol 
5 6.616 1.09 134 C10H14   Benzene, 1-ethyl-2,3-dimethyl- 
6 6.864 1.27 134 C10H14 Benzene, 1-ethyl-2,3-dimethyl- 
7 6.933 1.33 134 C10H14 Benzene, 4-ethyl-1,2-dimethyl- 
8 7.165 0.77 134 C10H14 Benzene, 1-ethyl-2,3-dimethyl- 
9 7.308 0.95 134 C10H14 Benzene, 1,2,4,5-tetramethyl- 
10 7.346 1.30 134 C10H14 Benzene, 1,2,3,4-tetramethyl- 
11 7.542 1.63 132 C10H12 1H-Indene,2,3-dihydro-5methyl- 
12 7.655 2.18 132 C10H12 1H-Indene,2,3-dihydro-4methyl- 
13 7.701 2.03 164 C11H16O 6,7-Dimethyl-3,5,8,8a tetrahydro-1H-2-benzopyran 
14 8.009 2.14 128 C10H8 Naphthalene 
15 8.085 1.96 146 C11H14 1H-Indene,2,3-dihydro-1,3 dimethyl- 

16 8.200 2.53 174 C13H18 Benzene,1-cyclopropylmethyl-4-(1-methylethyl)- 
17 8.322 0.83 204 C14H20O 1-Hexene,2-(O-anisyl)-4-methyl- 
18 8.497 0.75 162 C12H18 Benzene, 1,3,5-triethyl- 
19 8.759 1.45 146 C11H14 Benzene,1-methyl-3-(1-methyl-2-propenyl)- 
20 8.900 0.71 146 C11H14 1H-Indene,2,3-dihydro-4,7-dimethyl- 
21 9.093 0.90 174 C13H18 Benzene,1-cyclopropylmethyl-4-(1-methylethyl 
22 9.218 1.10 246 C15H18O3 Butanoic acid, 3-[(1-phenylethyl-2-propynyl)oxy] 
23 10.239 0.32 200 C13H28O n-Tridecan-1-ol 
24 10.339 0.28 268 C19H40 Nonadecane 
25 11.214 0.76 206 C14H22O Phenol,2,4-bis(1,1-dimethylethyl)- 
26 12.036 0.49 242 C16H34O 1-Hexadecanol 
27 12.119 0.43 296 C21H44 Heptadecane,2,6,10,15-tetramethyl- 
28 12.759 5.08 194 C17H14O6 3-O-Methyl-d-glucose 
29 13.316 0.38 284 C18H36O2 Octadecanoic acid 
30 13.643 0.73 228 C15H32O n-Pentadecanol 
31 13.714 0.55 268 C19H40 Nonadecane 
32 13.976 0.87 278 C16H22O4 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) 

ester 
33 14.065 0.15 212 C11H16O4 9,9-Dimethoxybicyclo[3.3.1]nona-2,4-dione 
34 14.166 0.23 156 C9H16O2 Cyclohexanone,2-ethyl-4-methoxy- 
35 14.216 0.09 142 C9H18O 5-Methyl-5-octen-1-ol 
36 14.315 0.14 376 C23H36O4 Phthalic acid, butyl undecyl ester 
37 14.379 0.08 496 C27H52O4Si2 9,12,15-Octadecatrienoic acid, 2-

[(trimethylsilyl)oxy]-1-
[[(trimethylsilyl)oxy]methyl]ethyl ester, (Z,Z,Z)- 

38 14.524 0.56 270 C17H34O2 Hexadecanoic acid, methyl ester 
39 14.645 3.69 278 C16H22O4 Dibutyl phthalate 
40 14.814 10.03 256 C16H32O2 n-Hexadecanoic acid 
41 15.006 0.09 242 C15H30O2 Pentadecanoic acid 
42 15.095 0.87 284 C19H40O n-Nonadecanol-1 
43 15.157 0.67 306 C16H34O3S Sulfurous acid, 2-propyl tridecyl ester 
44 15.632 1.43 284 C19H40O n-Nonadecanol-1 
45 15.669 0.80 334 C22H38O2 Cyclopropaneoctanoic acid, 2-[[2-[(2-

ethylcyclopropyl)methyl]cyclopropyl]methyl]-, 
methyl ester 

46 15.723 0.71 268 C17H32O2 7-Hexadecenoic acid, methyl ester, (Z)- 
47 15.974 10.03 280 C18H32O2 9,12-Octadecadienoic acid (Z,Z)- 
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Total Antioxidant Capacity 
This is a quantitative way to measure the antioxidant capacity 
of extracts. The antioxidant chemical in the extracts was 
proven to reduce Mo (VI) to Mo (V), forming a green 
phosphate/Mo (V) complex at an acidic pH with a maximum 
absorption at 695 nm. In this research, the total antioxidant 
capacity was higher in ethyl acetate extract with value of 
125.5±14.3 mg/g ascorbic acid equivalent (R2=0.9276) 
amongst tested extracts when compared to methanol and 
hexane extract which had values of 101.07±3.7 and 97.6±8.5 
mg/g ascorbic acid equivalent, respectively (Figure 5). The 
study revealed that ethyl acetate extract can effectively 
reduce the ROS-mediated neuronal death in Alzheimer’s 
disease due to the presence of antioxidant chemicals in it.  By 
fostering antioxidative defenses to neutralize reactive oxygen 
species, the antioxidant system plays a crucial role in 
protecting brain tissue's proper redox balance and saving 
neuronal cells from oxidative damage. The development of 
new or combination exogenous antioxidant supplements, 
maintaining the functional integrity of intrinsic antioxidant 
systems to prevent harmful disorders of the central nervous 
system, and finding novel therapeutic approaches to prevent 
and/or reduce brain injury are currently areas of growing 
interest in research [45]. Various studies have corroborated 
our findings which indicates that antioxidant compounds like 
luteolin, melatonin, resveratrol (3, 5, 40-trihydroxy-trans-
stilbene) are found in a number of plants. It has been shown 
that resveratrol has antioxidant qualities and that it raises 
glutathione levels while lowering nitrite and malondialdehyde 
levels [46]. Research conducted on various cell lines 
harboring mutant AβPP695 revealed that resveratrol 
demonstrated antiamyloidogenic properties by lowering the 
amounts of released intracellular Aβ peptide [47], 
Anthocyanins (ANTs) are able to penetrate the blood-brain 
barrier and shield brain tissue from the deleterious effects of  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Abeta, mitochondrial malfunction, and OS-induced apoptosis 
[48].  
 
GC-MS Analysis 
GC-MS chromatogram of ethyl acetate extract of Zapoteca 
portoricensis root (Figure 6) showed the presence of sixty-two 
(62) bioactive compounds. The National Institute of Standards 
and Technology (NIST) database was used to interpret the 
mass spectra and identify the components based on their 
retention indices. The chemical constituents with their 
retention time (RT), molecular formula, molecular weight 
(MW) and concentration (%) are presented in Table 1. The 
following components with a high concentrations are n-
Hexadecanoic acid (RT 14.81, Area % 10.03), 9,12-
Octadecadienoic acid (Z,Z)-(RT 15.97, Area % 10.03), cis-9-
Hexadecenal (RT 16.01, Area % 8.36), Octadecanoic acid 
(RT 16.16, Area % 5.34), Tridecanedial (RT 19.87, Area % 
3.03). Some of the compounds (Table 1) present in the ethyl 
acetate extract of Zapoteca portoricensis has been reported 
in some medicinal plants such as Cnidoscolus aconitifolius 
and Clerodendrum splendens with anti-Alzheimer’s potentials 
[49-50]. More so, n-Hexadecanoic acid have been reported to 
be an antioxidant compound [51], The octadecanoic acid 
(stearic acid) have also been reported with significant 
antioxidant potential and strong neuroprotective activities [52-
53], Similarly, the cis-cis-9,12-Octadecadienoic acid which is 
commonly known as linoleic acid have already been 
confirmed to possess neuroprotective and antioxidant effect 
[54-55]. The cholinesterase and antioxidant activities of the 
extract may be attributed to the presence of these 
compounds. 
 
 
CONCLUSION 
The ethyl acetate extract of Zapoteca portoricensis root has 
shown antioxidant and cholinesterase inhibitory properties in 

    
Table 1 contd. 

  

48 16.017 8.36 238 C16H30O cis-9-Hexadecenal 
49 16.162 5.34 284 C18H36O2 Octadecanoic acid 
50 16.456 1.04 256 C17H36O n-Heptadecanol-1 
51 16.513 1.29 352 C25H52 2-methyltetracosane 
52 17.060 1.35 284 C19H40O n-Nonadecanol-1 
53 17.507 1.28 281 C18H35NO 9-Octadecenamide, (Z)- 
54 17.974 0.30 346 C20H39ClO2 3-Chloropropionicacid, heptadecyl ester 
55 18.033 0.21 328 C20H40O3 2-Hydroxyhexadecyl butanoate 
56 18.610 2.02 568 C35H68O5 Hexadecanoic acid, 1-(hydroxymethyl)-1,2-

ethanediyl 
57 18.882 3.25 390 C24H38O4 Bis(2-ethylhexyl) phthalate 
58 19.427 0.47 226 C15H30O Z-11-Pentadecenol 
59 19.836 2.93 310 C20H38O2 Ethanol,2-(9,12-octadecadienyloxy)-, (Z,Z)- 
60 19.873 3.03 212 C13H24O2 Tridecanedial 
61 20.942 1.77 244 C14H25ClO 13-Oxabicyclo[9.3.1]pentadecane, 15-chloro- 
62 23.122 1.48 375 C19H31Cl2NS 2,6-Lutidine3,5-dichloro-4-dodecylthio- 
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the management of Alzheimer's disease. The compounds 
found in the ethyl acetate extract that were identified by GC-
MS may provide a promising starting point for the creation of 
novel medications intended to treat AD and other neurological 
conditions. We suggest conducting additional research on the 
isolation and characterisation of bioactive compounds with 
potentials for clinical use. 
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