
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

2 
M

ar
ch

 2
02

4.
 D

ow
nl

oa
de

d 
on

 4
/5

/2
02

6 
11

:5
4:

28
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue
In vitro biologica
aDrug Exploration & Development Chair

Chemistry, College of Pharmacy, King Saud
bBiochemistry Department, Biotechnology

Centre, Dokki, 12662, Cairo, Egypt
cOrganometallic and Organometalloid Ch

Centre, Dokki, 12622, Cairo, Egypt. E-

el-salmoon@nrc.sci.eg

† Electronic supplementary information (
nding of this study are availab
https://doi.org/10.1039/d4ra00423j

Cite this: RSC Adv., 2024, 14, 8397

Received 16th January 2024
Accepted 24th February 2024

DOI: 10.1039/d4ra00423j

rsc.li/rsc-advances

© 2024 The Author(s). Published by
l studies and computational
prediction-based analyses of pyrazolo[1,5-a]
pyrimidine derivatives†

Abdulrahman A. Almehizia, a Wael M. Aboulthana,b Ahmed M. Naglaha

and Ashraf S. Hassan *c

There is a need for new pharmaceutical discoveries from bioactive nitrogenous derivatives due to the

emergence of scourges, numerous pandemics, and diverse health problems. In this context, pyrazolo

[1,5-a]pyrimidine derivatives 12a and 12b were synthesized and screened to evaluate their biological

potentials in vitro as antioxidants, anti-diabetics, anti-Alzheimer's, anti-arthritics, and anti-cancer agents.

Additionally, the computational pharmacokinetic and toxicity properties of the two pyrazolo[1,5-a]

pyrimidines 12a and 12b were calculated and analyzed. The preliminary studies and results of this work

represent the initial steps toward more advanced studies and define the bioactive chemical structure of

pyrazolo[1,5-a]pyrimidine derivatives with the goal of exploring new drugs to address numerous health

problems.
1. Introduction

Antioxidant agents are a category of synthetic or natural
chemical substances that can scavenge, block, or reduce
oxidative stress (high free radical concentration). The free
radicals are produced by the body due to the normal use of
oxygen. The free radicals cause cell damage and can lead to
human diseases such as cardiovascular diseases, aging, dia-
betes, and cancer.1,2 Examples of antioxidant agents include
vitamin C (ascorbic acid), vitamin E (a-tocopherol), tripeptide
glutathione (GSH), carotenoids, and avonoids.3

Diabetes is a 21st-century challenge.4 It is a deciency in
pancreatic function and secretion of the hormone insulin,
which regulates glucose levels.5 Contemporary studies refer to
the relationship between obesity, diabetes, and its develop-
ment.6 The Arab world comprises 22 countries with 350 million
humans. Six nations in the Arab world are on the top-ten list
worldwide in the rate of diabetes and obesity majority. In
general, almost 20% of the people in some Arab countries are
diabetic.7
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Pharmacological therapy for diabetes mellitus depends on
the patient's case, in general, such as the inuence of lifestyle
modications, during pregnancy, breastfeeding, or infection
with other diseases.8 The common class examples of anti-
diabetic drugs are as follows: (I) sulfonylureas, there are two
generations: tolbutamide represents the rst generation while
glipizide and gliclazide are representatives of the second
generation. The action mechanism of sulfonylureas anti-
diabetic drugs is to increase insulin secretion from pancreatic
b cells.9 (II) Alpha-glucosidase inhibitors (AGIs): there are
various agents such as acarbose, miglitol, and voglibose, and
the action mechanism is to decrease intestinal glucose
absorption.10 (III) Amylin analogs: pramlintide is an injectable
amylin analog, and its action mechanism is to decrease
glucagon release and slow gastric emptying.11 Finally, (IV)
biguanides: metformin is classied as a biguanides antidiabetic
agent, and its action mechanism is to activate AMP-kinase and
hepatic glucose production.12

Alzheimer's disease (AD) is a neurodegenerative disease that
causes dementia.13 In 2019, the studies conducted by El-
Metwally and co-workers14 demonstrated the following points:
(I) Alzheimer's disease and dementia risk increased by various
factors such as obesity, diabetes mellitus, and cardiovascular.
(II) In Arab nations, dementia is a prevalent disease. (III) The
statistical reports illustrated that between the age class of 50
and 80 years, dementia disease ranges from 1.1% to 2.3%, while
in the age group of 80 years and older, dementia disease ranges
from 13.5% to 18.5%. In the drug markets, there are various
Alzheimer's agent therapies through acetylcholinesterase inhi-
bition mechanism action; for example, galantamine is a type of
phenanthrene alkaloid class, and donepezil is a piperidine
RSC Adv., 2024, 14, 8397–8408 | 8397
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class.15 Additionally, Alzheimer's disease therapy through
acetylcholinesterase and butyrylcholinesterase inhibition
mechanism action, such as rivastigmine drug, is classied as
a phenylcarbamate category.16

Cancer is a genetic disease caused (I) by errors that occur in
cell division, (II) by DNA damage due to harmful substances,
and (III) by inherited from parents. Therefore, the body's cells
grow uncontrollably and sometimes spread to other parts; this
is a cancer disease.17 In 2020, the most prevalent cancers in
Egypt are breast cancer and then liver cancer, as estimated by
cancer statistics in Egypt. In addition, cancer mortality statistics
refer to 89 042 cases for all cancer types (high mortality
Fig. 1 Promising bioactivity of pyrazolo[1,5-a]pyrimidine derivatives 1–6

8398 | RSC Adv., 2024, 14, 8397–8408
number).18 In Saudi Arabia, the most commonmalignancies are
breast and colorectal, and cancer mortality statistics refer to
12% cases for all types in 2016 but were approximately 5% in
1990.19 As estimated by cancer statistics in the Arab World, in
2018, cancer was responsible for 16.1% of deaths in Tunisia,20

while in 2016, it was responsible for 16.2% of deaths in Jordan.21

Cancer treatment and care match the global trend, and cancer
research is increasing in the Arab world.22,23

The therapy strategy for cancer depends on the organ
affected, the rate of spread, and the patient's health state.24

Cancer drug therapy is divided into classes according to its
action mechanism as follows: (I) alkylating agents include
and its drug skeletons 7–9.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Rationale and studies of pyrazolo[1,5-a]pyrimidine derivatives 12a and 12b.
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temozolomide, cisplatin, and melphalan. These drugs add an
alkyl group to the DNA of cells, damaging it; this mechanism
functions at all phases of the cell cycle.25 (II) Nitrosoureas
include streptozocin and lomustine. These drugs possess the
same action mechanism as alkylating agents but have the
distinctive property that they can reach the brain.26 (III) Anti-
metabolites include uorouracil, decitabine, and thioguanine.
These drugs interfere in DNA biosynthesis inducing in turn
DNA replication inhibition.27 (IV) Antitumor antibiotics include
bleomycin, dactinomycin, doxorubicin, and epirubicin. These
drugs modify the DNA in cells, inhibiting cancer's spread.28 (V)
Plant alkaloid topoisomerase inhibitors include mitoxantrone
and teniposide; these drugs inhibit the separation of the two
DNA strands through interaction with topoisomerase
enzymes.29 (VI) Mitotic inhibitors include paclitaxel and doce-
taxel; these drugs prevent cell mitosis.30

The literature has revealed, in the last decade, that pyrazolo
[1,5-a]pyrimidine structure 1 has promising bioactivity in
numerous pharmacological applications, such as anticancer,31

antibacterial,32 anti-COVID-19,33 anti-HIV,34 TNF-a inhibitor,35

and anti-Alzheimer.36 Additionally, Vahedi et al. synthesized 8-
(cyclohexylamino)-2,5-dimethyl-6H-pyrano[3,2-e]pyrazolo[1,5-a]
pyrimidine derivative 2, which showed potent cytotoxicity
against MCF-7 breast cells with IC50 = 19.70 ± 0.89 mM; they
also prepared another 5-(2-ethoxy-2-oxoethyl)-6H-pyrano[3,2-e]
pyrazolo[1,5-a]pyrimidinederivative 3 as an antioxidant agent,
which exhibited free radical scavenging activity with IC50 =

12.12 ± 0.40 mM.37 Peytam and co-workers prepared substituted
6-amino-pyrazolo[1,5-a]pyrimidine 4 as an anti-diabetic agent
through the inhibition of a-glucosidase enzyme with an activity
IC50 of 15.2 ± 0.4 mM, which is more potent than acarbose (IC50

= 750.0 ± 1.5 mM) by around 50-fold.38 From our previous
cooperation, Hassan et al. designed and prepared some 5-aryl-
pyrazolo[1,5-a]pyrimidine derivatives as multi-target candidates
and concluded that the 7-amino-6-cyano-pyrazolo[1,5-a]
pyrimidine-3-carboxamide derivative 5 showed powerful activi-
ties as an antioxidant and anti-diabetic agent. They also rec-
ommended the 5-(2-methoxyphenyl)pyrazolo[1,5-a]pyrimidine
derivative 6, which presented anti-arthritic activity toward
© 2024 The Author(s). Published by the Royal Society of Chemistry
protein denaturation and proteinase with %= 20.66 ± 0.00 and
26.42 ± 0.06, respectively.39 Furthermore, some marketed drugs
possess pyrazolo[1,5-a]pyrimidine scaffolds in their structures
for the treatment of miscellaneous diseases, such as anagliptin
(7), which is a drug for type 2 diabetes mellitus treatment;
indiplon (8), which is a sedative-hypnotic; and dinaciclib (9),
a drug for cancer treatment through the inhibition of a cyclin-
dependent kinase (CDK) enzyme40,41 (Fig. 1).

Based on the scientic truths mentioned above about anti-
oxidant agents, diabetes mellitus, Alzheimer's disease, cancer,
disease statistics in the Arab world, and therapeutic strategies,
the bioactive pyrazolo[1,5-a]pyrimidine and its drug derivatives
as well as the continuation of our target of synthesizing bioac-
tive nitrogenous derivatives,42–44 in addition to the concept of
multi-target drugs,45–51 and the relationship between diverse
diseases.52–54 Accordingly, in this work, we selected the two
pyrazolo[1,5-a]pyrimidines 12a and 12b, which possess phar-
macology activities against MCF-7 and HepG-2 cell lines,
respectively,55 and possess promising antimicrobial and
immunomodulatory activities56 for evaluating of their biological
potentials as antioxidant, anti-diabetic, anti-Alzheimer, anti-
arthritic, and anticancer agents. Finally, computational
prediction-based analyses were performed (Fig. 2).
2. Results and discussion
2.1. Chemistry

In this section, 5-amino-pyrazoles 10a and 10b beneted as
starting materials for the preparation of the two selected pyr-
azolo[1,5-a]pyrimidines 12a and 12b via the direct condensation
reaction with 3-(dimethylamino)-1-phenylprop-2-en-1-one (11)
in AcOH as solvent55 (Scheme 1).

The spectral data (1H and 13C NMR analyses) of pyrazolo[1,5-
a]pyrimidines 12a and 12b are provided in the ESI.†
2.2. In vitro biological activities

2.2.1. Antioxidant activities of pyrazolo[1,5-a]pyrimidines
12a and 12b. The antioxidant activities of the two pyrazolo[1,5-
RSC Adv., 2024, 14, 8397–8408 | 8399

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra00423j


Scheme 1 Synthesis of pyrazolo[1,5-a]pyrimidines 12a and 12b.

Table 1 Antioxidant and scavenging activities of pyrazolo[1,5-a]pyrimidines 12a and 12ba

Derivatives

Antioxidant activity Scavenging activity

TAC (mg gallic acid per g) IRP (mg mL−1) DPPH (IC50 mg ml−1) ABTS (%)

12a 30.58 � 0.07 17.29 � 0.04 19.63 � 0.04 25.28 � 0.06
12b 31.27 � 0.07 17.97 � 0.04 18.33 � 0.04 28.23 � 0.06
STD — — Ascorbic acid

4.05 � 0.01 39.09 � 0.09

a Values were calculated from three replicates and expressed as mean ± SE.
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a]pyrimidine derivatives, 12a and 12b, were measured using the
procedures described in ref. 57–60, and the results are depicted
in Table 1.

Cancer, atherosclerosis, rheumatoid arthritis, and aging-
related degenerative processes are prevalent diseases believed
to involve excessive lipid oxidation and inammation. The
primary approach to preventing and treating these conditions
may be to reduce these oxidation processes through the
consumption of exogenous antioxidants.61

As shown in Table 1, it was observed that both the two pyr-
azolo[1,5-a]pyrimidines, 12a and 12b, had approximately the
same total antioxidant capacity (TAC) and inhibitory radical
potential (IRP). Numerically, N-(4-chlorophenyl)-pyrazolo[1,5-a]
pyrimidine derivative 12b exhibited slightly higher TAC (31.27±
0.07 mg gallic acid per g) and IRP (17.97 ± 0.04 mg mL−1)
compared to N-phenyl-pyrazolo[1,5-a]pyrimidine derivative 12a
(30.58 ± 0.07 mg gallic acid per g and 17.29 ± 0.04 mg mL−1,
respectively).

The antioxidant activity, as assessed by scavenging activities
against DPPH and ABTS radicals, showed that both the two
pyrazolo[1,5-a]pyrimidines, 12a and 12b, had nearly identical
scavenging activities, but the numerical data supported the
antioxidant activities. However, N-(4-chlorophenyl)-pyrazolo
[1,5-a]pyrimidine derivative 12b showed a lower IC50 value
against DPPH (18.33 ± 0.04 mg mL−1) and higher inhibitory
activity against ABTS (28.23 ± 0.06%) at equal concentrations.
The activity against the DPPH radical was expressed as IC50

values, with a low IC50 value indicating strong antioxidant
8400 | RSC Adv., 2024, 14, 8397–8408
activity. At the same concentration, the scavenging activity of
the standard ascorbic acid against DPPH and ABTS was 4.05 ±

0.01 mg mL−1 and 39.09 ± 0.09%, respectively.
Similar redox properties enable the two derivatives of pyr-

azolo[1,5-a]pyrimidines, 12a and 12b, to act as hydrogen donors
and reducing agents, which may be related to the similarity in
their molecular structures.62

2.2.2. Anti-diabetic activities of pyrazolo[1,5-a]pyrimidines
12a and 12b

2.2.2.1. Enzyme assay. We measured the anti-diabetic
activities of the two pyrazolo[1,5-a]pyrimidine derivatives, 12a
and 12b, using the procedures from ref. 63–65. The results are
shown in Table 2.

Diabetes mellitus (DM) is a chronic metabolic disease
characterized by elevated glucose levels.66 The enzymes a-
amylase and a-glucosidase play a crucial role in regulating
blood glucose levels, with a-amylase breaking down carbohy-
drates into disaccharides and a-glucosidase converting disac-
charides into monosaccharides. Inhibiting these enzymes is
a therapeutic strategy for controlling hyperglycemia.67

In the current study, N-(4-chlorophenyl)-pyrazolo[1,5-a]
pyrimidine derivative 12b exhibited the highest inhibitory effect
on a-amylase (27.91 ± 0.02%), a-glucosidase (17.41 ± 0.02%),
and b-glucosidase (9.66 ± 0.02%) compared to the standard
acarbose, which had inhibitory effects at the same concentra-
tion on a-amylase (65.95 ± 0.01%), a-glucosidase (55.45 ±

0.01%), and b-glucosidase (47.70 ± 0.01%) (Table 2).
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Anti-diabetic activities of pyrazolo[1,5-a]pyrimidines 12a and 12ba

Derivatives

a-Amylase a-Glucosidase b-Glucosidase

Inhibition (%) IC50 (mg ml−1) Inhibition (%) IC50 (mg ml−1) Inhibition (%) IC50 (mg ml−1)

12a 25.92 � 0.01 1.92 � 0.01 15.42 � 0.01 3.13 � 0.01 7.67 � 0.01 6.47 � 0.01
12b 27.91 � 0.02 1.80 � 0.01 17.41 � 0.02 2.80 � 0.01 9.66 � 0.02 5.18 � 0.01

Derivatives

Acarbose

Inhibition (%) IC50 (mg ml−1) Inhibition (%) IC50 (mg ml−1) Inhibition (%) IC50 (mg ml−1)

STD 65.95 � 0.01 0.76 � 0.01 55.45 � 0.01 0.90 � 0.01 47.70 � 0.01 1.07 � 0.01

a Values were calculated from three replicates and expressed as mean ± SE.
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The inhibitory activity is inversely proportional to the values
of the IC50, with lower IC50 values indicating higher inhibition.
Compound 12b, N-(4-chlorophenyl)-pyrazolo[1,5-a]pyrimidine
derivative, had lower IC50 values against the activities of a-
amylase (1.80 ± 0.01 mg mL−1), a-glucosidase (2.80 ± 0.01 mg
mL−1), and b-glucosidase (5.18± 0.01mgmL−1) compared to the
other tested N-phenyl-pyrazolo[1,5-a]pyrimidine derivative 12a.

This may be attributed to the phenolic structure of the tested
compounds, which are responsible for their inhibitory effect on
these enzymes.68 Hassan and Aboulthana suggested that these
synthetic derivatives may belong to hypoglycemic substances,
which could be caused by two different mechanisms: either by
stimulating sugar-induced insulin secretion or by improving
peripheral glucose intake.50

2.2.2.2. Native electrophoretic patterns. Electrophoresis is
a widely used technique for separating, identifying, and quan-
tifying different proteins and isoenzymes expressed in various
tissues. It is commonly used to analyze the stoichiometry of
a specic subunit of a protein complex.69 Electrophoresis can
detect mutagenic differences at a qualitative level by hiding
normal bands and/or the appearance of abnormal ones. The
signicance index (SI) provides insight into the physiological
state of the tissue and is inversely proportional to genetic vari-
ation, indicating qualitative alterations. Low SI values
compared to the control group reveal differences in the number
and arrangement of electrophoretically separated bands.
Quantitative alterations, however, retain normal bands with
their identication data, and changes occur in their quantities.
Therefore, the SI value is not associated with quantitative
changes.70 a-Amylase, a digestive enzyme foundmainly in saliva
and pancreatic juice, catalyzes the hydrolysis of a-(1,4)-D-glyco-
sidic linkages of starch and other glucose polymers, breaking
down dietary carbohydrates into oligosaccharides and disac-
charides. It is considered a potential target for diabetes.71

The electrophoretic a-amylase isoenzyme and a-glucosidase
patterns of the two pyrazolo[1,5-a]pyrimidine derivatives, 12a and
12b, were assayed using the method suggested.72,73 The results are
illustrated in Fig. 3 and 4. Additionally, the main results of Native
Electrophoretic Patterns are listed in Table S1 and S2 (ESI).†

The crude a-amylase enzyme was analyzed using electro-
phoresis, and two types were identied at Rfs 0.38 and 0.83 (Qty
10.33 and 7.32; B% 58.54 and 41.46, respectively) (Fig. 3 and
© 2024 The Author(s). Published by the Royal Society of Chemistry
Table S1†). This suggests its role in the metabolic pathway, as
demonstrated by Aboulthana and co-workers.74 When treated
with pyrazolo[1,5-a]pyrimidine derivatives, 12a and 12b, at
equal concentrations (1 mg mL−1), the enzyme showed alter-
ations, with one isoenzyme type (a-amy2) being hidden and an
abnormal band appearing at Rf 0.68 with Qty 25.52 (B% 68.53)
aer treatment with N-phenyl-pyrazolo[1,5-a]pyrimidine deriv-
ative 12a and Qty 9.27 (B% 50.50) aer treatment with N-(4-
chlorophenyl)-pyrazolo[1,5-a]pyrimidine derivative 12b. Treat-
ment with standard acarbose at the same concentration (1 mg
mL−1) caused severe abnormalities, hiding both types of the
enzyme (a-amy1 and a-amy2) with an abnormal band identied
at Rf 0.69 (Qty 9.94 and B% 100.00). Both pyrazolo[1,5-a]
pyrimidine derivatives, 12a and 12b, caused physiological
alterations in the a-amylase isoenzyme patterns when treated at
equal concentrations (1 mg mL−1), with the patterns being
similar to the electrophoretic a-amylase isoenzyme pattern by
the same percent (SI = 50.00%). When treated with concentra-
tions equivalent to the IC50 values, N-phenyl-pyrazolo[1,5-a]
pyrimidine derivative 12a caused alterations by hiding one type
of the enzyme (a-amy1) without changing the second one (a-
amy2) identied at Rf 0.84 (Qty 23.87 and B% 100.00), while N-
(4-chlorophenyl)-pyrazolo[1,5-a]pyrimidine derivative 12b
caused changes by hiding one type of the enzyme (a-amy2)
without altering the second one (a-amy1) identied at Rf 0.37
(Qty 9.62 and B% 100.00). Both pyrazolo[1,5-a]pyrimidine
derivatives, 12a and 12b, caused physiological alterations in the
a-amylase isoenzyme patterns when treated at concentrations
equivalent to values of the IC50, with the patterns being similar
to the electrophoretic a-amylase isoenzyme pattern by the same
percent (SI = 33.33%). This study showed that pyrazolo[1,5-a]
pyrimidine derivatives, 12a and 12b, caused qualitative alter-
ations by changing the number and arrangement of the bands,
hiding normal a-Amy type with or without an abnormal band,
leading to lower values of the SI% compared to the crude
enzyme. This is in agreement with Aboulthana et al.75 who re-
ported that alterations in the electrophoretic a-amylase isoen-
zyme pattern might be attributed to changing the fractional
activity caused oxidatively by ROS. Abdel-Halim et al.76 added
that the structural changes induced in the protein portion of
native enzymes by oxidative stress are responsible for changing
the enzymatic activities of the a-amylase isoenzyme pattern.
RSC Adv., 2024, 14, 8397–8408 | 8401
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Fig. 3 Native electrophoretic a-amylase isoenzymes pattern showing the anti-diabetic activity of 12a and 12b derivatives compared to acarbose
(standard) on the physiological state of a-amylase enzyme (B4 = 12a and B9 = 12b).
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a-Glucosidase is a crucial enzyme in carbohydrate digestion,
breaking down linear and branched isomaltose oligosaccha-
rides to release glucose and causing postprandial hypergly-
cemia.77 El-Shora and his team78 visualized and conrmed the
a-glucosidase using SDS-PAE, showing a single band with
a molecular weight of 45 kDa.

In the current study, the crude a-glucosidase enzyme was
identied as a single band at Rf 0.42 (Int. 115.00 and Qty 1.48).
When treated with pyrazolo[1,5-a]pyrimidine derivatives, 12a
and 12b, at equal concentrations (1 mg mL−1), the band
quantity decreased by 40.54% (Qty 0.88; Int. 100.80) with
compound N-phenyl-pyrazolo[1,5-a]pyrimidine derivative 12a
and by 48.65% (Qty 0.76; Int. 87.25) with N-(4-chlorophenyl)-
pyrazolo[1,5-a]pyrimidine derivative 12b. Treatment with
Fig. 4 Electrophoretic a-glucosidase enzyme checked by SDS-PAGE sh
acarbose (standard) on the physiological state of a-glucosidase enzyme

8402 | RSC Adv., 2024, 14, 8397–8408
standard acarbose at the same concentration (1 mg mL−1)
caused a severe decrease in the band quantity by 84.14% (Qty
0.22; Int. 25.73). When treated with pyrazolo[1,5-a]pyrimidine
derivatives, 12a and 12b, at concentrations equivalent to the
IC50 values, the band quantity decreased by 56.08% (Qty 0.65;
Int. 74.85) with compound N-phenyl-pyrazolo[1,5-a]pyrimidine
12a and by 68.92% (Qty 0.46; Int. 52.89) with compound N-(4-
chlorophenyl)-pyrazolo[1,5-a]pyrimidine 12b (Fig. 4 and Table
S2†). In contrast, treatment with standard acarbose caused
severe alterations, completely decreasing the protein band. The
electrophoretically detected alterations in the a-glucosidase
patternmay be related to the disruption and denaturation of the
a-glucosidase protein potentially due to the degree of ionization
of certain amino acid side chains and/or the formation of
owing the anti-diabetic activity of 12a and 12b derivatives compared to
(B4 = 12a and B9 = 12b).

© 2024 The Author(s). Published by the Royal Society of Chemistry
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reaction products or side-products that inhibit enzyme
activity.79

2.2.3. Anti-Alzheimer's and anti-arthritic activities of pyr-
azolo[1,5-a]pyrimidines 12a and 12b. Alzheimer's disease is
responsible for neurodegeneration, resulting in cognitive
decline and death. Activation of the AChE enzyme is a leading
cause of Alzheimer's disease. Therefore, inhibiting this enzyme
is an effective treatment strategy for managing the disease.80

In the present study, we assessed the inhibition percentage
of the acetylcholinesterase (AChE) enzyme using Ellman's
method81 and donepezil as the standard drug. It was observed
that compound N-(4-chlorophenyl)-pyrazolo[1,5-a]pyrimidine
12b exhibited the highest inhibitory effect on AChE activity
(16.00 ± 0.04%), followed by compound N-phenyl-pyrazolo[1,5-
a]pyrimidine 12a (14.92 ± 0.02%) (Table 3). Compound N-(4-
chlorophenyl)-pyrazolo[1,5-a]pyrimidine 12b also had a lower
IC50 value against AChE activity (3.15 ± 0.01 mg mL−1)
compared to compound N-phenyl-pyrazolo[1,5-a]pyrimidine
12a (3.34 ± 0.01 mg mL−1).

This nding is supported by Russo et al.82 who suggested
that compounds with antioxidant activities may also exhibit
anti-diabetic and anti-Alzheimer properties. Therefore, deriva-
tives with antioxidant activities could potentially be more
effective in treating and managing diabetes and Alzheimer's
disease. The standard drug donepezil exhibited an inhibitory
activity of 71.14 ± 0.01% against AChE at the same concentra-
tion, with an IC50 value of 0.71 ± 0.00 mg mL−1.

Arthritis is characterized by inammation, which is one of its
most important symptoms.83 The ability of the tested
compounds to inhibit proteinase denaturation and proteinase
enzymes, which are key features and indices for the occurrence
of inammatory diseases, including arthritis, refers to the
apparent potential for anti-inammatory activity.84 An impor-
tant aspect of protein denaturation is the modication of forces
that stabilize proteins essential for their structure and function,
such as disulde bridges, ionic interactions, electrostatic
forces, and hydrogen bonds. Additionally, anti-inammatory
drugs inhibit protein denaturation in dose-dependent ways.85

The anti-arthritic activity was determined by quantifying the
effectiveness of the pyrazolo[1,5-a]pyrimidines derivatives, 12a
Table 3 Anti-Alzheimer's and anti-arthritic activities of pyrazolo[1,5-a]p

AChE

Inhibition (%) IC50 (mg mL−1)

12a 14.92 � 0.02 3.34 � 0.01
12b 16.00 � 0.04 3.15 � 0.01

Donepezil

Inhibition (%) IC50 (mg mL−1)

STD 71.14 � 0.01 0.71 � 0.00

a Values were calculated from three replicates and expressed as mean ± S

© 2024 The Author(s). Published by the Royal Society of Chemistry
and 12b, in inhibiting protein denaturation and the activity of
the proteinase enzyme using the procedures reported in
previous works86–88 and the results in Table 3.

The current study found that compound N-(4-chlorophenyl)-
pyrazolo[1,5-a]pyrimidine 12b had the highest inhibitory effect
on proteinase denaturation (17.55 ± 0.04%) and proteinase
activity (16.25 ± 0.04%), followed by compound N-phenyl-pyr-
azolo[1,5-a]pyrimidine 12a (16.24 ± 0.04 and 14.91 ± 0.03%,
respectively). The standard drug diclofenac sodium showed
inhibitory activity of 49.33 ± 0.11% and 41.88 ± 0.09% against
proteinase denaturation and proteinase activity, respectively, at
the same concentration. The data on the antioxidant activities,
anti-diabetic, anti-Alzheimer's and anti-arthritic activities of the
tested derivative were positively correlated.39,51 Additionally, N-
(4-chlorophenyl)-pyrazolo[1,5-a]pyrimidine 12b exhibited
higher anti-arthritic activity due to the presence of 4-chlor-
ophenyl rings, as suggested by Mezgebe and Mulugeta.89

2.2.4. Cytotoxicity. The two pyrazolo[1,5-a]pyrimidines, 12a
and 12b, were examined in vitro for their cytotoxic activities
(IC50, mgmL−1) against two human lung (A549) and colon (Caco-
2) cancer cell lines, in addition to the normal lung (WI-38) cell
line, and the results were compared with doxorubicin as
a standard reference using the MTT assay.90,91 It is well known
that candidates that possess low IC50 and low side effects are
considered promising cores for designing new cancer drugs.92

The IC50 (mg mL−1) values and corresponding therapeutic index
(TI) of the two pyrazolo[1,5-a]pyrimidines, 12a and 12b, and
doxorubicin are depicted in Table 4. Additionally, the main
results of cytotoxic activities are listed in Table S3–S5, ESI.†

In the case of the A549 cell line, it was observed that
compound 12b exhibited slightly higher cytotoxic activity with
a lower IC50= 40.54 mg mL−1 compared to compound 12a (IC50=

47.83 mg mL−1). However, both compounds showed lower cyto-
toxic activity compared to doxorubicin (IC50 = 31.32 mg mL−1).

However, for the Caco-2 cell line, compound 12b demon-
strated higher cytotoxic activity with an IC50 of 29.77 mg mL−1,
which was relatively similar to the standard drug (IC50 = 28.45
mg mL−1). Compound 12b exhibits cytotoxic activity potentially
due to its ability to induce G2/M arrest in cancer cells and
increase the expression of tumor suppressor genes.
yrimidines 12a and 12ba

Anti-arthritic activity

Proteinase denaturation (%)
Inhibition of
proteinase (%)

16.24 � 0.04 14.91 � 0.03
17.55 � 0.04 16.25 � 0.04

Diclofenac sodium

Proteinase denaturation (%)
Inhibition of
proteinase (%)

49.33 � 0.11 41.88 � 0.09

E.
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Table 4 In vitro cytotoxic activity values and corresponding therapeutic index of 12a, 12b, and doxorubicin against the two human cancer cell
lines (lung (A549) and colon (Caco-2)) and the normal lung (WI-38) cell line

Compounds

IC50 (mg mL−1) Therapeutic index (TI)

Lung cancer (A549)
Colon cancer
(Caco-2)

Normal lung
(WI-38)

Lung cancer
(A549)

Colon cancer
(Caco-2)

12a 47.83 38.15 134.24 2.8 3.5
12b 40.54 29.77 304.88 7.52 10.24
Doxorubicin 31.32 28.45 75.98 2.42 2.67

Table 5 Pharmacokinetic prediction properties of the two pyrazolo
[1,5-a]pyrimidines 12a and 12b

Parameter 12a 12b

CYP1A2 inhibitor Yes Yes
CYP2C19 inhibitor Yes Yes
CYP2C9 inhibitor Yes Yes
CYP2D6 inhibitor No No
CYP3A4 inhibitior Yes Yes
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Additionally, it may bind not only with DNA but also with
proteins in targeted cancer cells.93 The cytotoxic activity may be
linked to DNA interaction and cleavage, as well as the direct
targeting of nucleic acids through the cleavage of DNA and
RNA.94 The newly synthesized compound induces oxidative
stress, leading to cell death in cancer cells by increasing the
total oxidant status and decreasing total antioxidant levels,
thereby increasing oxidative stress levels.95 The results suggest
that compound 12b demonstrates excellent cancer inhibition
performance and could be considered a candidate drug for
human lung and colon cancer types.

In the case of the normal lung (WI-38) cell line, it was
observed that compound 12b exhibited the lowest cytotoxicity,
as evidenced by its highest IC50 value (304.88 mg mL−1)
compared to compound 12a (134.24 mg mL−1). Doxorubicin
showed higher cytotoxicity on normal cells, with the lowest IC50

value of 75.98 mg mL−1. These results suggest that compound
12b is safer for normal cells than compound 12a.

From this equation:

Therapeutic index (TI) = IC50 on the normal cells/IC50 on the

cancer cells.

We can calculate the therapeutic index (TI) of the two pyrazolo
[1,5-a]pyrimidines, 12a and 12b, to study their safety and efficacy.96

From Table 4, we can observe that the N-(4-chlorophenyl)-
pyrazolo[1,5-a]pyrimidine derivative 12b possesses a thera-
peutic index (TI= 7.52 and 10.24) higher than doxorubicin (TI=
2.42 and 2.67) in both cases of the A549 and Caco-2 lines,
respectively.

3. Computational prediction
3.1. Pharmacokinetic prediction

The computational pharmacokinetic properties of the two pyr-
azolo[1,5-a]pyrimidines 12a and 12b were calculated using the
free pkCSM website (https://biosig.lab.uq.edu.au/pkcsm/).97

The results of the pharmacokinetic prediction properties are
summarized in Table 5.

Cytochrome P450 (CYP) is a group of enzymes that metabo-
lize drugs and other compounds. Five CYPs (CYP1A2, CYP2C19,
CYP2C9, CYP2D6, and CYP3A4) are responsible for metabo-
lizing most approved drugs, and drug interactions involving
CYPs can lead to premature termination of drug development
and withdrawal from the market.98 From Table 5, we found that
8404 | RSC Adv., 2024, 14, 8397–8408
the two pyrazolo[1,5-a]pyrimidines, 12a and 12b, are non-
inhibitors of the CYP2D6 enzyme but inhibitors of other
enzymes CYP1A2, CYP2C19, CYP2C9, and CYP3A4.
3.2. Toxicity prediction

Computational toxicity estimations of the two pyrazolo[1,5-a]
pyrimidines 12a and 12b were calculated using the free ProTox-
II website (https://tox-new.charite.de/protox_II/index.php?
site=home).99 The four toxicity endpoints of the two pyrazolo
[1,5-a]pyrimidines 12a and 12b, such as carcinogenicity,
cytotoxicity, mutagenicity, and immunotoxicity, were
predicted with a probability of more than 70%, which refers
to the prediction's condence estimate (condence score).
Additionally, the median lethal dose (LD50, mg kg−1) and
toxicity class were predicted. The toxicity endpoint properties
and the median lethal dose (LD50) are summarized in Table 6.

Carcinogenicity is the ability to induce cancer. The
substance may be active and cause cancer or is inactive and
safe.100 Based on computational estimation, N-(4-chlorophenyl)-
pyrazolo[1,5-a]pyrimidine derivative 12b is inactive, safe, and
does not cause cancer, while N-phenyl-pyrazolo[1,5-a]pyrimi-
dine derivative 12a is active and causes cancer.

Cytotoxicity is the capacity of a substance to impact a cell,
causing damage or death.101 According to cytotoxicity predic-
tion, the two pyrazolo[1,5-a]pyrimidines 12a and 12b are non-
toxic to cells.

Mutagenicity is the ability to cause genetic mutations in
DNA. The substance may be active, mutagenic, and cause
genetic mutations, or inactive, non-mutagenic, and genetically
safe.102 Based on mutagenicity prediction, N-(4-chlorophenyl)-
pyrazolo[1,5-a]pyrimidine derivative 12b is inactive, non-
mutagenic, genetically safe, and does not cause genetic muta-
tions in DNA, while N-phenyl-pyrazolo[1,5-a]pyrimidine deriva-
tive 12a is active, mutagenic, and causes genetic mutations in
DNA.
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 6 Toxicity endpoint properties and the median lethal dose
(LD50) of the two pyrazolo[1,5-a]pyrimidines 12a and 12b

Parameter 12a 12b

Toxicity endpoint properties
Carcinogenicity Active Inactive
Cytotoxicity Inactive Inactive
Mutagenicity Active Inactive
Immunotoxicity Inactive Inactive

Median lethal dose (LD50, mg kg−1)
Predicted LD50 1000 1000
Predicted toxicity class 4 4
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Immunotoxicity refers to the adverse effects of substances on
the immune system.103 Based on this denition, the prediction
table demonstrates that the two pyrazolo[1,5-a]pyrimidines 12a
and 12b are safe for the immune system and do not cause
adverse effects.

The median lethal dose (LD50, mg kg−1) is the dose that
causes death in 50% of the animals tested. The toxicity classi-
cation of substances according to the Globally Harmonized
System (GHS) is divided into six classes: class I (LD50# 5) fatal if
swallowed; class II (5 < LD50# 50) fatal if swallowed; class III (50
< LD50 # 300) toxic if swallowed; class IV (300 < LD50 # 2000)
harmful if swallowed; class V (2000 < LD50 # 5000) may be
harmful if swallowed; and Class VI (LD50 > 5000) non-toxic.104

According to the prediction study, the two pyrazolo[1,5-a]
pyrimidines 12a and 12b possess a median lethal dose of LD50

that is equal to 1000mg kg−1. In this context, the two derivatives
were classied as class IV.
4. Conclusions

In summary, we synthesized pyrazolo[1,5-a]pyrimidine deriva-
tives 12a and 12b. Additionally, pyrazolo[1,5-a]pyrimidine deriv-
atives 12a and 12b were screened to evaluate their biological
potentials in vitro. The antioxidant results demonstrated that the
N-(4-chlorophenyl)-pyrazolo[1,5-a]pyrimidine derivative 12b
exhibited slightly higher TAC (31.27 ± 0.07 mg gallic acid per g)
and IRP (17.97± 0.04 mgmL−1) compared to derivative 12a (30.58
± 0.07 mg gallic acid per g and 17.29 ± 0.04 mg mL−1, respec-
tively). Additionally, pyrazolo[1,5-a]pyrimidine derivative 12b
showed a lower IC50 value against DPPH (18.33 ± 0.04 mg mL−1)
and higher inhibitory activity against ABTS (28.23 ± 0.06%).

Anti-diabetic results refer to compound 12b with lower IC50

values against the activities of a-amylase (1.80± 0.01 mgmL−1),
a-glucosidase (2.80 ± 0.01 mg mL−1), and b-glucosidase (5.18 ±

0.01 mg mL−1) compared to the other tested derivative 12a. The
electrophoretic isoenzyme pattern showed that the N-(4-chlor-
ophenyl)-pyrazolo[1,5-a]pyrimidine derivative 12b exhibited the
highest anti-diabetic activity by altering the physiological state
of a-amylase enzyme and denaturation of the protein portion in
a-glucosidase enzyme. Pyrazolo[1,5-a]pyrimidine derivative 12b
exhibited the highest inhibitory effect on AChE activity (16.00 ±

0.04%) as an anti-Alzheimer's agent, and 12b also had the
highest inhibitory effect on proteinase denaturation (17.55 ±
© 2024 The Author(s). Published by the Royal Society of Chemistry
0.04%) and proteinase activity (16.25 ± 0.04%) as an anti-
arthritics agent.

In vitro cytotoxicity results indicate that pyrazolo[1,5-a]pyrimi-
dine derivative 12b possesses a lower IC50 of 40.54 and 29.77 mg
mL−1 towards lung (A549) and colon (Caco-2), respectively. The
safety and efficacy studies refer to derivative 12b possessing
a therapeutic index (TI) of 7.52 and 10.24, higher than doxorubicin
(TI = 2.42 and 2.67) in both cases of the A549 and Caco-2 lines,
respectively. According to the prediction study, the two pyrazolo
[1,5-a]pyrimidines 12a and 12b are non-inhibitors of the CYP2D6
enzyme but inhibitors of other enzymes CYP1A2, CYP2C19,
CYP2C9, and CYP3A4. In addition, the two derivatives 12a and 12b
possess a median lethal dose of LD50, which is equal to 1000 mg
kg−1. In this context, the two derivatives were classied as class IV.
Pyrazolo[1,5-a]pyrimidine derivative 12b is inactive and safe for
carcinogenicity, cytotoxicity, mutagenicity, and immunotoxicity.

We are currently conducting additional mechanistic studies
in our laboratories and will report our ndings in the future.
5. Materials and methods
5.1. Chemistry

Pyrazolo[1,5-a]pyrimidines12a and 12b were prepared accord-
ing to the approach illustrated in our previous work, and their
spectral data (1H and 13C NMR analyses) are presented in ESI†.55
5.2. In vitro biological activities

5.2.1. Antioxidant activity. The total antioxidant capacity
(TAC) was measured in mg gallic acid/g by analyzing the green
phosphate/Mo5+ complex at a wavelength (l) of 695 nm,
following the described procedure57 (ESI†).

The iron-reducing power was determined in mg mL−1 using
the method proposed by Oyaizu, with ascorbic acid as the
standard58 (ESI†).

The 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical scav-
enging activities were assessed using the method described by
Rahman and Co-work59 (ESI†).

For the 2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) assay, the procedure followed the method suggested by
Arnao et al. with some modications60 (ESI†).

5.2.2. Anti-diabetic activity
5.2.2.1. Enzyme assay. This assay involved calculating the

inhibition percentage (%) of an a-amylase enzyme using the
method based on the technique demonstrated by Wickramar-
atne (2016) with acarbose as the standard drug63 (ESI†).

The inhibition percentage (%) of the a-glucosidase enzyme
was determined using the method proposed by Pistia-
Brueggeman and Hollingsworth with acarbose as the standard
drug64 (ESI†).

The b-glucosidase enzyme inhibition percentage (%) was
measured using the pNPG method suggested by Han et al. with
acarbose as the standard drug65 (ESI†).

5.2.2.2 Native electrophoretic patterns
5.2.2.2.1 Electrophoretic a-amylase isoenzyme pattern. This

assay used polyacrylamide gel electrophoresis (PAGE) following
the method suggested by Rammesmayer and Praznik72 (ESI†).
RSC Adv., 2024, 14, 8397–8408 | 8405
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5.2.2.2.2 Electrophoretic a-glucosidase pattern. The vertical
slab polyacrylamide gel electrophoresis (PAGE) was conducted
following the method suggested by Laemmli using mini-gel
electrophoresis (BioRad, USA) to determine the activity of the
a-glucosidase enzyme73 (ESI†).

5.2.3. Anti-Alzheimer's and anti-arthritic activities. In the
anti-Alzheimer's activity study, we assessed the inhibition
percentage of the acetylcholinesterase (AChE) enzyme using
Ellman's method81 and donepezil as the standard drug (ESI†).

In the anti-arthritic activity study, this assay involved deter-
mining the percentage of protein denaturation86 and proteinase
inhibition87 using diclofenac sodium as the standard non-
steroidal anti-inammatory drug. The diclofenac sodium was
prepared according to Meera et al.88 (ESI†).

5.2.4. Cytotoxicity. The effectiveness of pyrazolo[1,5-a]pyrim-
idines 12a and 12b against human lung (A549) and colon cancer
(Caco-2) cell lines, as well as the normal lung (WI-38) cell line, was
determined by measuring the optical density (OD) at a wavelength
of 590 using a 3-[4,5-dimethyl-2-thiazolyl]-2, 5-diphenyl-2H-tetra-
zolium bromide (MTT) assay.90,91 The median inhibitory concen-
tration (IC50) calculation soware was used to calculate the IC50

and percentage of cell growth inhibition (%) (ESI†).
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