
Journal of King Saud University – Science 34 (2022) 101993
Contents lists available at ScienceDirect

Journal of King Saud University – Science

journal homepage: www.sciencedirect .com
Original article
Acetylcholinesterase inhibitory activity and iron-induced lipid
peroxidation reducing potential of Pimpinella stewartii leaves in male
wistar rats
https://doi.org/10.1016/j.jksus.2022.101993
1018-3647/� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

⇑ Corresponding authors.
E-mail addresses: waseem_bnu57@yahoo.com (W. Ahmad), armankhan0301@

gmail.com (A. Khusro), talhabmb@bgctub.ac.bd (T.B. Emran).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Muhammad Umar Khayam Sahibzada a, Wasim Ahmad b,⇑, Ahmed M. El-Shehawi c, Ibrahim Jafri c,
Syed Irfan d, Ameer Khusro e,⇑, Sarah Albogami c, D. Esther Lydia f, Talha Bin Emran g,⇑
aDepartment of Pharmacy, The Sahara College Narowal, Narowal, Punjab, Pakistan
bDepartment of Allied Health Sciences, School of Health Sciences, Peshawar, KP, Pakistan
cDepartment of Biotechnology, College of Science, Taif University, P.O. Box 11099, Taif 21944, Saudi Arabia
dCentre of Biotechnology and Microbiology, University of Peshawar, Peshawar, KP, Pakistan
eResearch Department of Plant Biology and Biotechnology, Loyola College, Chennai, Tamil Nadu, India
f PG Food Chemistry and Food Processing, Loyola College, Chennai, Tamil Nadu, India
gDepartment of Pharmacy, BGC Trust University Bangladesh, Chittagong 4381, Bangladesh
a r t i c l e i n f o

Article history:
Received 8 April 2021
Revised 12 March 2022
Accepted 21 March 2022
Available online 24 March 2022

Keywords:
Acetylcholinesterase activity
Alzheimer disease
Lipid peroxidation
Pimpinella stewartii leaves
Therapeutics
a b s t r a c t

This study was aimed to determine the potentialities of Pimpinella stewartii leaves extracts fractions
towards the inhibition of acetylcholinesterase (AChE) activity as well as reduction of iron-induced lipid
peroxidation in male Wistar rats (age – 50 days; weight – 280–300 g). Initially, animals were divided into
17 groups with 7 rats in each group. Gallic acid and quercetin were used as standards. The AChE activities
of aqueous and ethanolic extract fractions of P. stewartii leaves were determined using standard protocol.
Results showed that ethyl acetate extract fractions significantly (P = 0.01) inhibited the enzyme in a con-
centration dependent manner when compared to the aqueous extract fractions and the control group.
Gallic acid and quercetin depicted higher inhibition of AChE activities than ethyl acetate extract fractions.
Additionally, the IC50 values for aqueous extract fractions, ethyl acetate extract fractions, gallic acid, and
quercetin were estimated as 72.6 ± 2.72, 30.41 ± 0.56, 8.4 ± 0.22, and 6.82 ± 0.2 lg/mL, respectively.
Furthermore, the lipid peroxidation activities of extracts fractions were assessed by estimating thiobar-
bituric acid reactive substances (TBARS) production. Both the extracts fractions showed significant pro-
tection against lipid peroxidation but the ethyl acetate extract fractions exhibited comparatively higher
reductions in TBARS levels (P = 0.001). However, gallic acid and quercetin revealed higher reductions of
pro-oxidants than the extracts fractions. In conclusion, findings of this study demonstrated pronounced
AChE inhibitory activity and reduced lipid peroxidation trait of ethyl acetate extract fractions of P. stew-
artii leaves, and thus, suggested its paramount role as therapeutics against Alzheimer disease.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

In order to re-establish the levels of acetylcholine in the brain,
several cholinesterase inhibitors are used. This is the most fre-
quently used treatment of Alzheimer disease (AD) which is based
on cholinergic hypothesis (Perry, 1986; Asefy et al., 2021). These
cholinergic inhibitors are associated with a fewer benefits and sev-
eral side effects (Van Marum, 2008). In order to cope with these
side effects, researchers are working on designing and synthesis
of such drugs having no or lesser adverse effects (Francis et al.,
1999; Van Marum, 2008; Dastmalchi et al., 2009). With the
passage of time, the demand for alternative treatment of AD has
significantly increased.
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Various natural dietary phyto-constituents have got attention of
the researchers due to their anti-inflammatory, antioxidant, and
anti-amyloidogenic effects for the treatment of AD as an alterna-
tive source of existing drugs (Singh et al., 2008; Sun et al., 2010;
Kamran et al., 2020). Medicinal plants have a potential role in
resolving the issues related with the cerebral impairment
(Kennedy et al., 2002; Akhondzadeh et al., 2003; Muzaffar et al.,
2021; Eftekhari et al., 2021; Ahmad et al., 2022). Previous studies
revealed that the medicinal plant’s ethnopharmacological assess-
ment might be a useful tool in discovering newer candidate ther-
apy for AD treatment (Dastmalchi et al., 2007; Tewari et al.,
2018). Numerous medicinal plants including Rosmarinus officinalis
(Perry et al., 1999), Salvia officinalis (Akhondzadeh et al., 2003),
Ginko biloba (Dos Santos-Neto et al., 2006), and Melissa officinalis
(Ahmad et al., 2018) have been investigated for their neuroprotec-
tive effects and their therapeutic effectiveness in AD. Various
plants’ extracts are used to make tea that has beneficial effects in
calming nerves as well as rectifying sleep disorders (Wheatley,
2005). It has also been investigated that certain plant extracts exhi-
bit a promising antioxidant effect against various pro-oxidant
agents in brain homogenates (Pereira et al., 2009).

Pimpinella stewartii (Dunn) E. Nasir, synonyms Eriocycla stew-
artii, or Pituranthos stewartii is a member of family Apiaceae. This
family is backed by 434 genera and 3700 species. It is called as car-
rot family. It forms a remarkable group of plants producing flowers.
Most of the members of this family are aromatic in nature and
bears hallow stems, flowers, and tapped roots. In Pakistan, it is
mostly dispersed in Haripur, Abbottabad, and Murree hills on
700 to 2500 m height. The plant grows wildly alongside the edges
of fields cultivated with other crops and on dry or rocky areas. Its
fruits are used as carminative and for the treatment of stomach
diseases (Afzal et al., 2009). The plant’s proximate mineral, nutri-
tional composition, phenolic, and in vitro antioxidant activity is
reported in recent decade. The antimicrobial activity of essential
oil of P. stewartiiwas reported by Syed et al. (1986). Another report
showed that the methanolic extract of P. stewartii is a broad-
spectrum antibacterial agent (Gul and Hassan, 2016). Considering
the pivotal medicinal applications of P. stewartii, this study was
investigated to determine the potentialities of P. stewartii extracts
not only to inhibit acetylcholinesterase (AChE) but also reduce
iron-induced lipid peroxidation in male Wistar rats.
2. Materials and methods

2.1. Ethical approval

The study approval was granted by the ethical committee of
Centre of Biotechnology and Microbiology, University of Peshawar,
Pakistan (No: 119/UOP/Biotech).
2.2. Extraction and fractionation

P. stewartiiwas collected from District Abbottabad, Pakistan and
was identified in Department of Botany, University of Peshawar,
Pakistan. Leaves were cleaned, washed, and shade dried at ambient
temperature. After drying, leaves were powered using a grinder.
Two hundred grams of powder were mixed with 1 L of ethanol
(70% v/v) and kept in rotator shaker for a week. After required
incubation period, the filtrate was collected and the concentrated
product was obtained using a rotary evaporator (Heidolph, HeiVAP
Core, Germany). Further, a suspension of ethanolic extract in dis-
tilled water was prepared and fractionated with n-butanol, ethyl
acetate, and dichloromethane. The aqueous extract was obtained
by hot water treatment and was prepared immediately before
2

use. Sterile capped vials were used to store the extracts at 4 �C until
further use.
2.3. Animals and experimental design

Male Wistar rats (age – 50 days; weight – 280–300 g) were
obtained from National Institute of Health, Islamabad, Pakistan.
The animals were housed in steel cages. All the cages were cleaned
regularly in order to ensure healthy animals. The animals were
allowed free access to the standard pellet diet and also the water
was provided ad libitum. The cages were kept in a well aired room
having a 12 h light dark cycle. The animals selected for the exper-
iment were divided into 4 different groups that were further
divided into various sub-groups (7 rats in each group). Group 1
was assigned as control group, Group 2 was administered with
eserine, Group 3 was administered with ethanol only, and Group
4 was administrated with various concentrations of extracts frac-
tions (aqueous fraction with 4 sub-groups: ethyl acetate fraction
with 4 sub-groups). There were 7 rats in each group and sub group.
Altogether, 17 groups were designed for this study. The treatment
was given intra-peritoneal. The mixing of all the compounds was
done separately in accordance with the standard protocol. The ani-
mals were treated according to the guidelines of the Brazilian Col-
lege of Animal Experimentation (COBEA), affiliated with the
International Council for Laboratory Animal Science (ICLAS).
2.4. AChE inhibitory activity

The AChE activity was demonstrated as per the modified proto-
col of Rocha et al. (Rocha et al., 1993). In order to determine AChE
activity, animals from each group were sacrificed by blowing their
heads (without anaesthesia), and the cerebral tissues were quickly
incised and kept on ice. The tissues were homogenised using Tris
HCl buffer (50 mM; pH 7.5) and the homogenised product was cen-
trifuged at 4000 � g for 10 min. After centrifugation, the super-
natant was collected to pursue AChE activity.

The AChE activity was evaluated in a reaction mixture that
contained 200 lL of acetylcholinesterase solution (0.415 U/mL
prepared in 0.1 M phosphate buffer; pH 8.0), 100 lL of DTNB
[5,50-dithio-bis(2-nitrobenzoic)] acid solution, 500 lL of phosphate
buffer (pH 7.0), and 50 lL of supernatant. The reaction mixture was
incubated at room temperature for 20 min, following the addition
of 100 lL of 0.05 M acetylcholine iodide solution as substrate. The
absorbance was read at 412 nm using UV–Visible spectrophotome-
ter (Shimadzu UV-1780) and the inhibitory activity (%) was
estimated as:

AChEactivity %ð Þ ¼ AbsorbanceControl � AbsorbanceTestð Þ½
=AbsorbanceControl � � 100
2.5. Lipid peroxidation assessment

Since free radicals damage the brain tissues, cerebral tissues
were used for thiobarbituric acid reactive substances (TBARS)
assay. The lipid peroxidation assay was assessed by estimating
TBARS production using the methodology of Puntel et al. (2007).
Plant extracts fraction (100 lL), purified gallic acid, and quercetin
were mixed separately into the freshly prepared 5 mM of sodium
nitroprusside (SNP), Fe2SO4 (10 mM), and 2 mM of 3-
nitropropionic acid (3-NPA). Pro-oxidants were used in order to
induce oxidative stress which causes lipid peroxidation in the
body. Following incubation time, acetate buffer, 8.1% SDS, and
TBA was pipetted and a further incubation was done for 60 min
at 100 �C. The reaction of TBA with malondialdehyde can be
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assessed with the production of light pink color. After cooling the
reaction mixture, the absorbance was read at 532 nm.

2.6. Statistical analyses

The data was analysed statistically using one-way ANOVA, fol-
lowed by DMRT (Duncan’s Multiple Range Test) (for TBARS) and
Bonferroni’s multiple comparison tests (for AChE activity). P
value < 0.05 was considered significant. All the data included in
this study was presented as mean ± standard error of mean
(mean ± SEM).
Fig. 2. IC50 values for aqueous extract fractions, ethyl acetate extract fractions,
gallic acid, and quercetin.
3. Results and discussion

3.1. AChE inhibitory activity

Results demonstrated that the aqueous extract fraction was
unable to inhibit AChE activity at varied concentrations (Fig. 1A).
On the other hand, ethyl acetate fraction significantly (P = 0.01)
inhibited the enzyme in a concentration dependent manner in
comparison to the control group (Fig. 1B). Gallic acid and quercetin
showed higher inhibition of AChE activities than the ethyl acetate
extract fractions (Fig. 1C and 1D). The IC50 values for aqueous
extract fractions, ethyl acetate extract fractions, gallic acid, and
quercetin were estimated as 72.6 ± 2.72, 30.41 ± 0.56, 8.4 ± 0.22,
and 6.82 ± 0.2 lg/mL, respectively (Fig. 2).

Acetylcholine is an important neurotransmitter distributed
widely throughout the nervous system (Halder and Lal, 2021). Cho-
linesterase is classified into AChE and butyrylcholinesterase. AChE
is a member of a/b hydrolases family. AChE causes the hydrolysis
of acetylcholine, both in synapses and neuromuscular intersection,
which results in nerve impulse termination (Asefy et al., 2021). It is
reported that AChE is a good candidate for drug designing in AD
treatment; as in AD there is a deficiency of acetylcholine (Zhou
et al., 2021). After its transport to synapses, acetylcholine is hydrol-
Fig. 1. AChE inhibitory activity (%) of aqueous extract fractions (A), ethyl acetate extrac
positive control. Data were a representative of mean ± SEM.
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ysed into choline and acetate (Voet and Voet, 1995; Colović et al.,
2013). Current strategy is to focus on the blockage of the AChE
function in order to increase the quantity of acetylcholine. Most
acetylcholinesterase drugs being used to treat AD are AChE
inhibitors.

Several in vitro and in vivo studies have revealed the role of
medicinal plants in treating neurological disorders (Ratheesh
et al., 2017; Faheem et al., 2022). Suganthy et al. (2009) reported
AChE inhibitory potential of Avicennia officinalismethanolic extract
producing an IC50 value of 1.24 ± 0.011 mg/mL and butyryl choli-
nesterase inhibition with an IC50 valueof 0.911 ± 0.007 mg/mL.
Similarly, the ethanolic extract of Acacia catechu seeds exhibited
promising AChE inhibition potential with an IC50 value of 204.38
± 2.54 lg/mL and recommended for the brain disorders manage-
ment (Thangavelu and Ramasamy, 2015). In another study, the
hydro-alcoholic extract of Hemidesmus indicus exerted significant
AChE inhibitory activity with an IC50 value of 28.4 ± 0.92 lg/mL
(Kadiyala et al., 2014). Additionally, the aqueous and the
t fractions (B) of P. stewartii, gallic acid (C), and quercetin (D). Eserine was used as



Table 1
Effect of extract fractions on TBARS (nmol/g) induced by various pro-oxidants.

P. stewartii Pro-oxidants

SNP FeSO4 3-NPA

Aqueous extract fraction 540.4 ± 2 480.8 ± 24.6 620.2 ± 16.8
Ethyl acetate extract fraction 380.4 ± 12.4 410 ± 16.6 392.8 ± 2
Gallic acid 106.82 ± 0.32 114.54 ± 0.22 118.6 ± 0.44
Quercetin 98.6 ± 0.22 90.2 ± 0.24 101.4 ± 0.1

Data represent mean ± SEM; SNP - Sodium nitroprusside; FeSO4: Iron (II) sulphate;
3-NPA � 3-nitropropionic acid.
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methanolic extract of H. indicus roots also exhibited in vitro AChE
inhibitory activity (Kundu and Mitra, 2013). In the present work,
the ethyl acetate extract fractions of P. stewartii inhibited AChE
activity significantly. Therefore, P. stewartii could be considered
to assess its possibility as potent alternative candidate for design-
ing effectual drug towards the treatment of AD.

3.2. Lipid peroxidation assessment

Results of TBARS levels induced by various pro-oxidant agents
are illustrated in Table 1. In fact, the TBARS content measured
the degree of peroxidation. Both the fractions were found to be
protective against lipid peroxidation but ethyl acetate extract frac-
tion reduced the TBARS levels significantly (P = 0.001) in compar-
ison to the aqueous extract fraction. However, gallic acid and
quercetin exhibited higher reductions of pro-oxidants than ethyl
acetate and aqueous extract fractions. Findings of this context were
found in consistence with the report of Tripathi et al. (1997).
Rubiadin, (a dihydroxy anthraquinone) showed its remarkable
anti-lipid peroxidation activity induced by FeSO4 and t-butyl
hydroperoxide in a concentration dependent manner. The inhibi-
tory activity was estimated maximum in Fe+2 induced lipid perox-
idation. In this investigation, quercetin was found to be more
potent as compared to the extracts and gallic acid. This might be
due to the lipophilic characteristic of quercetin which enhanced
its potency to block lipid peroxidation.

4. Conclusion

In a nutshell, ethyl acetate extract fractions of P. stewartii leaves
possessed promising AChE inhibitory activities with an IC50 value
of 30.41 ± 0.56 lg/mL. Additionally, both the extracts fractions
were found to be protective against lipid peroxidation but ethyl
acetate extract fraction reduced the TBARS levels significantly
(P = 0.001) as compared to aqueous fraction. P. stewartii leaves
could be considered an ideal candidate for designing new drugs
that can be beneficial in the treatment of AD and anti-oxidative
conditions.
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