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Research Article

 Abstract 

Introduction: Na+/H+ exchanger type 1 (NHE-1) is a validated drug target for the treatment of 
cardiovascular and ophthalmic diseases due to the cytoprotective, anti-ischemic and anti-inflammatory 
properties of NHE-1 inhibitors. This article presents data on the synthesis and pharmacological activity 
studies of novel guanidine derivatives of quinazoline-2,4(1H,3H)-dione 6-11 and reference drugs amiloride, 
rimeporide, zoniporide, dexamethasone, aminoguanidine, and acetylsalicylic acid. 

Materials and Methods: Pharmacological properties were assessed using pH-dependent platelets 
deformation assay, anti-inflammatory activity assay on LPS-stimulated peritoneal macrophages, 
antiglycation assay, analysis of platelet aggregation in vitro and measurement of intraocular pressure in vivo. 

Results: Several compounds combine NHE-1 inhibition with antiglaucomic and antiplatelet activity. 
Compound 11 significantly inhibits pro-inflammatory activation of murine macrophages (IC50 15.64 µM) 
and effectively suppresses the formation of glycated proteins (38.1±2.6% in C 1 mM). 

Conclusion: The investigated compounds represent a promising scaffold for development of agents for the 
treatment of cardiovascular pathologies, glaucoma, excessive inflammation, and late diabetic complications 
including retina diabetics and thrombosis.

Copyright: © Alexander A. Ozerov et al. This is an open access article distributed under terms of the Creative Commons Attribution License (Attribution 4.0 International –CC BY 
4.0). 
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Introduction 

The ability of quinazoline derivatives to inhibit Na+/H+-
exchanger type 1 (NHE-1) has been demonstrated earlier 
(Spasov et al. 2021). The interest in studying this activity 
was due to the fact that NHEs are the most widely studied 
acid-base regulators in various mammalian cells. They 
play a key role in the regulation of cytoplasmic acid-base 
homeostasis together with HCO3- transport systems, 
including Na+/HCO3- cotransporters (NBCs) and Cl-/
HCO3- anion exchangers (AEs). In numerous cell types, 
NHE-1 is a major contributor to alkalinization, preventing 
the detrimental effects of over-acidification. In 
myocardial ischemia-reperfusion injury, there is an 
excessive entry of Na+ ions into the cell, as well as 
extracellular Ca2+, releasing intracellular Ca2+ from the 
depot. As a result of calcium overload in the cell, free 
radicals are formed, NO synthesis increases, cytotoxic 
edema occurs, and oxidative stress develops, leading to 
cell death. In addition to this, NHE-1 is also involved in 
the regulation of cardiomyocyte volume, growth, 
proliferation, apoptosis and differentiation, as well as a 
number of physiological activities (Pedersen and  

Counillon 2019; Yeves and Ennis 2020). NHE-1, 
activated in immunocompetent cells, leads to aggravation 
of the inflammatory response (Shi et al. 2013). The level 
of intracellular pH is also an important factor influencing 
the processes of phagocytosis, release of cytokines and 
chemokines, and generation of reactive oxygen species 
(De Vito 2006). Inhibition of NHE-1 reduces the 
formation of superoxide radicals and a number of 
proinflammatory cytokines, such as IL-6, IL-1β and TNF-
α, induced in microglia during inflammation (Liu et al. 
2010).

NHE inhibitor properties have been identified for 
many heterocyclic structures, but compounds containing 
guanidine moiety are more selective against NHE-1. They 
include amiloride and its derivatives, benzoylguanidine 
derivatives such as NOE-642 (cariporide), eniporide 
(EMD-85131), sabiporide (BIIB-722), bicyclic guanidine 
derivat ives, containing quinoline (zoniporide 
(CP-597396)), MS 31038), indole (SM 20220, SM 20550, 
S M P - 3 0 0 ) , b e n z o x a z i n o n e ( K B - R 9 0 3 2 ) , 
dihydrobenzofuran (BMS 284640), tetrahydronaphthalene 
(T-162559), cycloheptapyridine (TY-12533) and others 
(Yeves and Ennis 2020). NHE-1 inhibitors have been 
found among a number of compounds of guanidine 
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derivatives of quinazoline (Vishnevskaya et al. 2022). We 
have previously synthesized a number of guanidine 
derivatives of quinazoline and demonstrated their ability 
to inhibit NHE-1 and cause some other pharmacological 
effects such as anti-inflammatory, antiplatelet, intraocular 
pressure lowering and antiglycating (Spasov et al. 2022; 
Taran et al. 2023).  

Platelet function and platelet-endothelium interactions 
are involved in the microcirculation including ocular, 
which is supported by clinical and experimental evidence 
(Ma et al. 2019). Previous researchers have observed the 
involvement of platelets in coagulation and inflammation 
in the endothelium of the Schlemm’s canal in glaucoma 
(Watanabe et al. 2010), and also that patients with 
glaucoma had significantly lower platelet counts and 
significantly higher levels of platelet PDW (platelet 
distribution width) and MPV (mean platelet volume) 
indexes, compared to controls (Ma et al. 2019). 
Glaucoma is one of the leading causes of blindness, 
affecting more than 76 million patients worldwide. In 
glaucoma, there is an obstruction in the outflow of 
aqueous fluid, resulting in an increase in intraocular 
pressure (IOP) (Al-Humimat et al. 2021). IOP reflects the 
balance between inflow through the ciliary epithelium 
and outflow, which mainly exits through the trabecular 
meshwork and in Schlemm’s canal of the eye. NHE-1 is 
expressed at the basolateral margin of the non-pigmented 
ciliary epithelium, which is related to glaucoma (Freddo 
et al. 2022).

Non-enzymatic glycosylation (glycation) is a 
pathobiochemical process universal to all living 
organisms (Ansari and Rasheed 2010). Glycation is one 
of the aspects of pathogenesis of late complications of 
diabetes mellitus, diseases of the senior age, and diseases 
of degenerative nature (Vasan et al. 2003). It is also 
available for pharmacologic regulation to attenuate the 
clinical manifestations of the mentioned conditions and 
their treatment. Antiglycation agents have different 
leading mechanisms of antiglycation action. In vitro 
studies provide insight into the potential of compounds to 
exhibit antiglycation effects.

Here, we expanded our previous study to continue the 
synthesis of guanidine quinazoline derivatives and to 
study their possible effect on pH-dependent platelet 
deformation, inflammation, protein glycation, platelet 
aggregation, and late complications of diseases of 
degenerative nature. 

Materials and Methods
Chemistry
All reagents were obtained from Panreac Quimica SLU 
(Spain) and Acros Organics BVBA (Belgium) at the 
highest grade available and used without further 
purification. Yields refer to spectroscopically (NMR) 
homogeneous materials. The melting points were 
determined in glass capillaries on a Mel-Temp 3.0 
apparatus (USA). Thin-layer chromatography (TLC) was 
performed on Merck TLC Silica gel 60 F254 plates by 
eluting with corresponding solvent that was developed 
using a VL-6.LC UV lamp (Vilber). The NMR spectra 
were recorded using a Bruker Avance 600 (600 MHz for 
1H and 150 MHz for 13C) spectrometer in DMSO-d6 with 
tetramethylsilane as an internal standard. HRMS were 
recorded on Bruker micrOTOF (time-of-flight mass 

analyzer) mass spectrometer equipped with an 
electrospray ionization source (ESI). 

Benzyl (2,4-dioxo-3,4-dihydroquinazolin-1(2H)-yl)acetate 
(2) 

A mixture of quinazoline-2,4(1H,3H)-dione (1) (10.00 g, 
61.7 mmol), 100 mL of hexamethyldisilazane, and 
ammonium chloride (0.10 g) was boiled until a clear 
solution formed, and the excess silylating agent was 
removed under vacuum. To the residue, benzyl 
bromoacetate (14.00 g, 61.4 mmol) was added, heated at 
a temperature of 160-170 °C for 2 hr., while removing the 
generated trimethylbromosilane under vacuum. After 
cooling, 50 mL of 95% ethanol and 5 mL of concentrated 
ammonium hydroxide were added, boiled for 15 min, 
cooled, and the resulting precipitate was filtered, 
crystallized from 95% ethanol, resulting in 18.1 g of 
compound 2. White solid; yield 95%; mp 232-235 oC; Rf 
0.77 (ethyl acetate); 1H NMR (DMSO-d6, 600 MHz) δ 
11.76 (1H, s, NH), 8.03 (1H, d, J = 8 Hz, H-5), 7.71 (1H, 
t, J = 8 Hz, H-7), 7.34-7.37 (6H, m, phenyl, H-8), 7.29 
(1H, t, J = 8 Hz, H-6), 5.20 (2H, s, CH2), 5.00 (2H, s, 
CH2); 13C NMR (DMSO-d6, 150 MHz) δ 168.1, 161.6, 
150.3, 140.8, 135.5, 135.3, 128.4, 128.1, 127.8, 127.6, 
122.9, 115.4, 114.5, 66.5, 43.8.  

Benzyl (3-methyl-2,4-dioxo-3,4-dihydroquinazolin-1(2H)-
yl)acetate (3) 

A mixture of compound 2 (5.00 g, 16.1 mmol), methyl 
iodide (1.10 mL, 17.7 mmol), and anhydrous finely 
ground K2CO3 (5.00 g, 36.1 mmol) was stirred in a DMF 
solution (75 mL) at room temperature for 48 hr. The 
reaction mass was filtered, evaporated to dryness in 
vacuo; the residue was treated with water (100 mL); the 
solid residue was filtered off, dried at room temperature, 
and recrystallized from 95% ethanol, resulting in 3.5 g of 
compound 3. White solid; yield 67%; mp 152-155 oC; Rf 
0.61 (EtOH-CHCl3, 1:35); 1H NMR (DMSO-d6, 600 
MHz) δ 8.07 (1H, d, J = 8 Hz, H-5), 7.72 (1H, t, J = 8 Hz, 
H-7), 7.41 (1H, d, J = 8 Hz, H-8), 7.35-7.37 (5H, m, 
phenyl), 7.31 (1H, t, J = 8 Hz, H-6) 5.21 (2H, s, CH2), 
5.05 (2H, s, CH2), 3.32 (3H, s, CH3); 13C NMR (DMSO-
d6, 150 MHz) δ 168.1, 161.0, 150.6, 139.5, 135.5, 135.2, 
128.4, 128.1, 127.9, 127.8, 123.1, 114.6, 114.3, 66.5, 
44.8, 28.1. 

Benzyl (3-allyl-2,4-dioxo-3,4-dihydroquinazolin-1(2H)-
yl)acetate (4) 

Compound 4 was obtained similarly from compound 2 
using allyl bromide as alkylating agent. White solid; yield 
67%; mp 125-128 oC; Rf 0.73 (EtOH-CHCl3, 1:35); 1H 
NMR (DMSO-d6, 600 MHz) δ 8.08 (1H, d, J = 8 Hz, 
H-5), 7.73 (1H, t, J = 8 Hz, H-7), 7.42 (1H, d, J = 8 Hz, 
H-8), 7.29-7.36 (6H, m, phenyl, H-6), 5.85-5.91 (1H, m, 
CH), 5.20 (2H, s, CH2), 5.04-5.13 (4H, m, CH2, =CH2), 
4.56 (2H, s, CH2); 13C NMR (DMSO-d6, 150 MHz) δ 
168.0, 160.5, 150.1, 139.6, 135.5, 135.4, 132.2, 128.4, 
128.1, 128.0, 127.9, 123.2, 116.6, 114.6, 114.4, 66.6, 
44.8, 43.1. 

Benzyl (3-benzyl-2,4-dioxo-3,4-dihydroquinazolin-1(2H)-
yl)acetate (5) 

Compound 5 was obtained similarly from 
compound 2 using benzyl chloride as alkylating agent. 
White solid; yield 69%; mp 119-121 oC; Rf 0.79  

https://pubchem.ncbi.nlm.nih.gov/compound/Quinazoline
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(EtOH-CHCl3, 1:35); 1H NMR (DMSO-d6, 600 MHz) δ 
8.11 (1H, d, J = 8 Hz, H-5), 7.74 (1H, t, J = 8 Hz, H-7), 
7.45 (1H, d, J = 8 Hz, H-8), 7.23-7.37 (11H, m, 2 phenyl, 
H-6), 5.21 (2H, s, CH2), 5.17 (2H, s, CH2), 5.09 (2H, s, 
CH2); 13C NMR (DMSO-d6, 150 MHz) δ 168.0, 160.9, 
150.52, 139.6, 136.9, 135.5, 135.4, 128.4, 128.3, 128.2, 
128.1, 127.9, 127.5, 127.2, 123.3, 114.6, 114.5, 66.6, 
44.9, 44.3. 

N-Carbamimidoyl-2-(3-methyl-2,4-dioxo-3,4-
dihydroquinazolin-1(2H)-yl)acetamide (6) 

A mixture of compound 3 (2.00 g, 6.17 mmol), guanidine 
hydrochloride (0.60 g, 6.31 mmol), and KOH (0.35 g, 
6.25 mmol) was refluxed in 95% ethanol solution (50 
mL) for 10 min. The hot reaction mass was filtered and 
cooled. The solid residue was filtered off, dried at room 
temperature, and twice recrystallized from ethanol, 
resulting in 1.27 g of compound 6. White solid; yield 
75%; mp 252-255 oC; Rf 0.57 (EtOH); 1H NMR (DMSO-
d6, 600 MHz) δ 8.01 (1H, d, J = 8 Hz, H-5), 7.67 (1H, t, J 
= 8 Hz, H-5), 7.22 (1H, t, J = 8 Hz, H-6), 7.16 (1H, d, J = 
8 Hz, H-8), 4.43 (1H, s, CH2), 3.39 (3H, s, CH3); 13C 
NMR (DMSO-d6, 150 MHz) δ 170.9, 161.3, 158.9, 150.5, 
140.4, 134.8, 127.4, 122.1, 114.8, 114.3, 47.1, 28.0; 
HRMS (ESI) Calcd. for C12H14N5O3 [M+H]+: 276.1091, 
Found: 276.1093. 

N-Carbamimidoyl-2-(3-allyl-2,4-dioxo-3,4-
dihydroquinazolin-1(2H)-yl)acetamide (7) 

Compound 7 was obtained similarly from compound 4. 
White solid; yield 91%; mp 96-100 (dec.) oC; Rf 0.58 
(EtOH); 1H NMR (DMSO-d6, 600 MHz) δ 8.02 (1H, d, J 
= 8 Hz, H-5), 7.69 (1H, t, J = 8 Hz, H-7), 7.57 (4H, s, 
NH), 7.23 (1H, t, J = 8 Hz, H-6), 7.19 (1H, d, J = 8 Hz, 
H-8), 5.84-5.93 (1H, m, CH), 5.10-5.16 (2H, m, =CH2), 
4.56 (2H, d, J = 5 Hz, CH2), 4.46 (2H, s, CH2); 13C NMR 
(DMSO-d6, 150 MHz) δ 171.1, 160.8, 158.7, 150.0, 
140.6, 125.0, 132.56, 127.5, 122.3, 116.7, 114.9, 114.35, 
47.1, 43.0; HRMS (ESI) Calcd. for C14H16N5O3 [M+H]+: 
302.1248, Found: 302.1248. 

N-Carbamimidoyl-2-(3-benzyl-2,4-dioxo-3,4-
dihydroquinazolin-1(2H)-yl)acetamide (8) 

Compound 8 was obtained similarly from compounds 5. 
White solid; yield 88%; mp 132-135 oC; Rf 0.50 (EtOH); 
1H NMR (DMSO-d6, 600 MHz) δ 7.88 (1H, d, J = 8 Hz, 
H-5), 7.53 (1H, t, J = 8 Hz, H-7), 7.08-7.25 (5H, m, NH, 
H-6), 6.97 (1H, d, J = 8 Hz, H-8), 5.00 (2H, s, CH2), 4.56 
(2H, s, CH2); 13C NMR (DMSO-d6, 150 MHz) δ 172.7, 
162.1, 157.4, 150.7, 139.6, 136.2, 135.4, 128.2, 127.6, 
127.4, 127.3, 127.23, 123.0, 114.1, 46.8, 44.4; HRMS 
(ESI) Calcd. for C18H18N5O3 [M+H]+: 352.1404, Found: 
352.2209. 

1-[(5-Amino-1H-1,2,4-triazol-3-yl)methyl]-3-
methylquinazoline-2,4(1H,3H)-dione (9) 

A mixture of compound 3 (2.00 g, 6.17 mmol), 
aminoguanidine carbonate (0.65 g, 6.19 mmol), and KOH 
(0.35 g, 6.25 mmol) was refluxed in 95% ethanol solution 
(50 mL) for 1 hr. The hot reaction mass was filtered and 
cooled. The solid residue was filtered off, dried at room 
temperature, and twice recrystallized from ethanol, 
resulting in 1.29 g of compound 9. White solid; yield 
77%; mp 359-362 oC; Rf 0.45 (EtOH); 1H NMR (DMSO-
d6, 600 MHz) δ 8.03 (1H, d, J = 8 Hz, H-5), 7.67 (1H, t,   

J = 8 Hz, H-7), 7.22 (1H, t, J = 8 Hz, H-6), 7.17 (1H, d, J 
= 8 Hz, H-8), 4.37 (2H, s, CH2), 3.33 (3H, s, CH3); 13C 
NMR (DMSO-d6, 150 MHz) δ 168.8, 161.5, 150.5, 140.7, 
134.7, 127.3, 122.0, 115.1, 114.3, 47.7, 28.0; HRMS 
(ESI) Calcd. for C12H13N6O2 [M+H]+: 273.1095, Found: 
273.0940. 

1-[ (5 -Amino-1H-1 ,2 ,4 - t r iazo l -3 -y l )me thy l ] -3 -
allylquinazoline-2,4(1H,3H)-dione (10) 

Compound 10 was obtained similarly from compound 4. 
White solid; yield 63%; mp 273-275 oC; Rf 0.63 (EtOH); 
1H NMR (DMSO-d6, 600 MHz) δ 8.01 (1H, d, J = 8 Hz, 
H-5), 7.66 (1H, t, J = 8 Hz, H-7), 7.22 (1H, t, J = 8 Hz, 
H-6), 7.18 (1H, d, J = 8 Hz, H-8), 5.84-5.91 (1H, m, CH), 
5.10-5.15 (2H, m, =CH2), 4.55 (2H, d, J = 5 Hz, CH2), 
4.36 (2H, s, CH2); 13C NMR (DMSO-d6, 150 MHz) δ 
168.7, 160.9, 150.0, 140.9, 134.8, 132.7, 127.4, 122.0, 
116.6, 115.3, 114.3, 47.7, 42.9; HRMS (ESI) Calcd. for 
C14H15N6O2 [M+H]+: 299.1251, Found: 299.1140. 

1-[ (5 -Amino-1H-1 ,2 ,4 - t r iazo l -3 -y l )me thy l ] -3 -
benzylquinazoline-2,4(1H,3H)-dione (11) 

Compound 11 was obtained similarly from compound 5. 
White solid; yield 59%; mp 258-261 oC; Rf 0.50 (EtOH); 
1H NMR (DMSO-d6, 600 MHz) δ 8.05 (1H, d, J = 8 Hz, 
H-5), 7.69 (1H, t, J = 8 Hz, H-7), 7.20-7.37 (7H, m, 
phenyl, H-8, H-6), 5.17 (2H, s, CH2), 4.47 (2H, s, CH2); 
13C NMR (DMSO-d6, 150 MHz) δ 170.5, 161.3, 160.0, 
150.4, 140.7, 137.3, 135.1, 128.3, 127.7, 127.6, 127.2, 
122.3, 115.1, 114.4, 47.4, 44.2; HRMS (ESI) Calcd. for 
C18H17N6O2 [M+H]+: 349.1408, Found: 349.0927. 

Preparation of compounds samples 

Test compounds were dissolved in 99% DMSO (40 mM 
concentration) and stored at –25 °C. Serial dilutions were 
prepared ex tempore in a medium suitable for the specific 
study. Final concentration in samples: DMSO <0.25% 
(added to control samples in equal concentrations).  

Animals

All animal procedures were performed in accordance 
with the ethical standards for animal manipulation 
adopted by the European Convention for the Protection of 
Vertebrate Animals Used for Experimental and Other 
Scientific Purposes (1986) and considering the 
International Recommendations of the European 
Convention for the Protection of Vertebrate Animals Used 
for Experimental Research (1997). The study was 
approved by the Regional Ethical Committee of 
Volgograd State Medical University (Registration No. 
IRB 00005839 IORG 0004900, OHRP), Certificate No. 
2022/097, 21.01.2022. All sections of this study comply 
with the ARRIVE Guidelines for Reporting Animal 
Research (Percie du Sert et al. 2020). For in vitro pH-
dependent platelets deformation method, 20 male rabbits 
of the Chinchilla breed weighing 3-4 kg purchased from 
Scientific Center of Biomedical Technologies of the 
Federal Medical and Biological Agency (veterinary 
certificate №17069) were used. For in vivo study of the 
effect on intraocular pressure, 60 mongrel male rats 
(220-400g, purchased from Scientific Center of 
Biomedical Technologies of Federal Medical and 
Biological Agency (veterinary certificate №18424) were 
used. For in vitro study of anti-inflammatory activity, 9 
male C57bl/6j mice (21-24 g obtained from Rappolovo 

https://pubchem.ncbi.nlm.nih.gov/compound/Aminoguanidine
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facility, Saint Petersburg. Russia) were used. The 
experiments for analysis of platelet aggregation in vitro 
were performed on 6 male rabbits of the Chinchilla 
breed weighing 2.5-3 kg purchased from Scientific 
Center of Biomedical Technologies of the Federal 
Medical and Biological Agency (veterinary certificate 
№17069).  

pH-dependent platelets deformation method for 
indirect NHE-1 activity measure 

NHE-1-inhibitory activity was studied in vitro by 
changing the shape of rabbit platelets by measuring 
changes in light transmission (Rosskopf et al. 1991). 
Blood samples were collected from the marginal vein 
of the rabbit ear into a tube containing 3.8% sodium 
citrate in a 1:10 ratio. To obtain platelet-rich plasma 
(PRP), blood was centrifuged at 1000 rpm for 12 min. 
PRP with Krebs’ solution (600 µL, pH 7.4; 37 °C) was 
used for calibration. In a control series of experiments, 
600 µL of sodium propionate solution (135 mM 
sodium propionate, 20 mM HEPES, 1 mM CaCl2, 1 
mM MgCl2, 10 mM glucose; pH 6.7; 37°C) was added 
to 200 µL of PRP to lower the intracellular pH. 
Changes in platelet shape were recorded using a laser 
platelet aggregation analyzer ALAT-2 (Biola LLC, 
Russia). All substances at a concentration of 1×10-8 M 
in a volume of 10 µL were added to 200 µL of PRP in a 
cuvette 5 minutes before adding sodium propionate 
solution, incubated under constant stirring (800 rpm, 
37°C). The following NHE-1 inhibitors were used as 
comparison drugs: zoniporide, rimeporide, and 
amiloride (Sigma, USA). The dose choice was related 
to the activity of zoniporide as the most effective 
NHE-1 inhibitor. The activity of the substances was 
determined by the ability of the compounds to change 
the platelet shape (light transmission) in comparison 
with the control (∆%). For the most active compounds, 
the dose-dependent effect was studied in the wide 
concentration range. The IC50 value was calculated as 
the concentration of a compound that inhibits platelet 
NHE-1 by 50%.  

Measurement of intraocular pressure

Rats were randomly assigned to 9 experimental and 1 
intact control groups of 6 animals each. At 9:00 a.m. 
the initial IOP was measured in animals of all groups 
with a veterinary tonometer ICARE Tono Vet 
(Finland) without corneal anesthesia (for early 
diagnosis of glaucoma in veterinary medicine) (Pease 
et al. 2006). After that, 50 µL of 0.4% water solution 
of the tested compounds was dropped into the right 
(tested) eye of the laboratory animal, and the same 
volume of deionized water was placed into the left 
eye. Intraocular pressure was measured in both eyes. 
The left eye, in turn, serves to assess the possible 
systemic effects of the investigated compounds 
(Marcus et al. 2018) IOP was measured at four time 
points (0, 1, 2, 3 hr), where 0 hr. was the baseline IOP 
value. The presence of IOP-lowering activity was 
assessed by the maximum IOP reduction from the 
baseline IOP values of each animal (in %). An IOP-
reducing drug used in clinical practice, timolol (0.5% 
solution), as well as NHE inhibitors zoniporide and 
amiloride (at a concentration of 0.2%) were used as a 
reference drugs.  

Study of anti-inflammatory activity on LPS-
stimulated peritoneal macrophages 

Peritoneal macrophages (PM) were isolated from the 
peritoneal exudate of 9 male C57bl/6j mice (21-24 g, 
obtained from Rappolovo facility, Saint Petersburg, 
Russia). To accumulate PMs, 1 mL of 3% proteose 
peptone (microbiological grade, Obolensk, Russia) 
solution was injected intraperitoneally (Zhang et al. 
2015). After 3 days, mice were euthanized by cervical 
dislocation. Cells from peritoneal exudate were obtained 
after aseptically flushing the abdomen with 5 mL of 
sterile Hanks’ solution (+4-6 °C) without calcium and 
magnesium ions. The total number of cells was counted, 
and their viability was assessed in a Goryaev’s counting 
chamber (Russia) by staining with 0.4% trypan blue 
(Sigma-Aldrich, USA). The proportion of live cells 
exceeded 95%. Cell concentration was adjusted to 
1.0×106 cells/mL in complete DMEM medium (Gibco) 
supplemented with 2 mM L-glutamine (Gibco), 10% 
heat-inactivated fetal bovine serum (BioClot, Germany), 
100 U/mL penicillin. and 100 mg/mL streptomycin 
(Gibco). 200 µL/well were cultured in 96-well clear 
plates (SPL Life Sciences Co. Ltd., Korea). They were 
left for 2 hr at 37°C in a humidified atmosphere with 5% 
CO2, followed by washing the wells to remove non-
adherent cells. After 24 hr of incubation, 20 µL of 
supernatant was removed and 20 µL of solutions of the 
tested compounds were added 30 min before E. coli 
O127:B8 LPS (Sigma-Aldrich, USA, same batch for all 
experiments) in final concentration of 100 ng/mL. 

Accumulation of nitrite-anion (a stable end product of 
NO degradation produced by iNOS) in supernatants after 
20-hr incubation of cells with lipopolysaccharide was 
determined using the standard Griess reagent. The Griess 
method is based on diazotization of nitrite-anion in acidic 
medium with sulfonamide and interaction of the diazo 
compound with N-(1-naphthyl)ethylenediamine to form a 
dyed derivative. Briefly, 50 µL of supernatants sampled 
22 hr after PM incubation with test and control 
compounds were mixed with 50 µL of 1% sulfonamide in 
2 . 5 % H 3 P O 4 a n d 5 0 µ L o f 0 . 1 % N - ( 1 -
naphthyl)ethylenediamine in 2.5% H3PO4. After 
incubation at 23 °C for 10 min in a thermostated shaker, 
the optical density was determined at a wavelength of 550 
nm. The optical density was converted to µM NO using a 
standard curve (0-100 µM NaNO2 diluted in DMEM 
medium) (Weissman and Gross 2001). 

Cytotoxicity 

Increase in the content of lactate dehydrogenase enzyme 
in culture medium is a marker of increased cell 
membrane permeability and cell death. To determine its 
content in supernatants, we used a method based on 
spectrophotometric detection of NADH loss in a mixture 
containing pyruvate. Supernatant aliquots of 10 µL were 
taken 24 hr after PM incubation with test and control 
compounds and LPS were mixed with 250 µL of 0.194 
nM NADH solution dissolved in 54 mM phosphate 
buffer solution, pH 7.5. After that, 25 µL of 6.48 mM 
pyruvate solution was added to the mixture. The optical 
density was determined at 340 nm wavelength for 20 
min. Conversion of optical density to cell viability was 
performed using a standard curve (intact cells – 100%, 
Triton X-100 – 0%) (Cummings and Schnellmann 
2021). 
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Determination of antiglycation activity 

Current study utilized a bovine serum albumin glycation 
model with glucose (Nikitin et al. 2022). According to the 
mechanistic view of glycation, an effective model 
reproduces glycation reactions from its initial stages to 
the final stage of AGEs formation, integrating all 
potential mechanisms of action of compounds. The 
reaction medium was comprised of a 0.36 M glucose 
solution and 1 mg/mL BSA (fraction V) dissolved in 
phosphate buffer solution (PBS, pH 7.4, 0.137 M NaCl; 
0.0027 M KCl; 0.05 M Na2HPO4; 0.0018 M KH2PO4; 
0.02% sodium azide). The selected concentrations differ 
from physiological ones, but are intended to accelerate the 
glycation process; at the same time, the PBS composition 
used includes, in addition to the most significant phosphate 
ingredients that provide buffer capacity, also other 
physiologically significant ions. We hypothesize that such 
an ionic composition of the medium is intended to provide 
additional stimulation of the glycation reaction and 
stabilize the number of intermediate products. The samples 
under investigation were dissolved in 99% DMSO. 
Following their addition to the reaction medium, the final 
concentration of the substances was 1000 µM. 
Aminoguanidine hydrochloride (a recognized antiglycator) 
was employed as a reference substance, alongside 
amiloride, zoniporide, and rimeporide (NHE-1 inhibitors). 
Control samples contained a volume of solvent equivalent 
to the test substances. The samples were then incubated for 
a duration of 24 hours at a temperature of 60 °C. Data were 
gathered using a spectrofluorimetric method, employing 
the M200 PRO spectrofluorimeter (Tecan GmbH, Grödig, 
Austria). Advanced Glycation End-products (AGEs) were 
determined through specific fluorescence at excitation/
emission wavelengths of 370/440 nm. To avoid false 
positive results from compounds known to suppress the 
fluorescence of AGEs due to interference, logarithmic 
normalization of the acquired data was performed 
according to Formula 1: 

 – 1        (1), 

where Fly(log) represents the normalized fluorescence 
intensity of AGEs, log10(Exp) and log10(blank) are the 
decimal logarithms of the actual fluorescence levels of the 
glycated and respective unglycated samples (both containing 
the compound under study and control samples). 

The activity of other compounds (both non-
fluorescent and fluorescent at the wavelengths used) was 
expressed using Formula 2: 

       (2),

where Fly(lin) is the fluorescence intensity of AGEs, 
Exp and blank are the actual fluorescence levels of 
glycated and corresponding unglycated samples (both 
containing the tested compound and control samples).

Determination of activity, expressed as % 
suppression of AGEs fluorescence, was performed using 
Formula 3: 

       (3),

where Fly(Exp) and Fly(Contr) are the AGEs 
fluorescence intensities of experimental and control 
samples, respectively (log-normalized or non-log-
normalized). 

F l y (l og) = 10(log10(Exp)−log10(Blank))

Fl y (l i n) = Ex p − Bl a n k

% = 100 − (Fl y (E x p) × 100/Fl y (Con t r))

Analysis of platelet aggregation 
The effect of tested samples on the functional activity of 
platelets in vitro was studied according to G.Born’s 
method in modification of Gabbasov (1989) on a two-
channel laser analyzer of platelet aggregation Biola 
LA-220. The studies were performed on platelet-rich 
plasma of rabbits. Venous blood was collected from the 
auricular marginal vein of rabbits and stabilized with 
3.8% sodium citrate solution in the ratio 9:1 followed by 
centrifugation at 1500 rpm for 10 min on a 
MultiCentrifuge CM 6M centrifuge (Elmi, Latvia). This 
method is based on the optical detection of a degree of 
change in the light transmission of PRP, when adding 
substances that stimulate aggregation processes (under 
conditions of constant stirring). To obtain a control 
sample, 300 µL of PRP with a magnetic stirrer is added 
into the glass cuvette of the aggregometer and after the 
aggregogram recording is switched on, at 10 seconds of 
the process recording, the inducer of platelet aggregation 
ADP is added to the cuvette at a final concentration of 5 
µM (Kwon et al. 2016). To study the antiaggregant 
activity of the tested compounds, 10 µL of the test sample 
solution at a certain concentration is added to a cuvette 
with 300 µL of platelet-rich plasma. The sample is 
incubated in a specialized cell of the aggregometer at a 
constant temperature of 37 °C for 5 min., after which the 
sample is transferred to the recording cell and the 
aggregogram is recorded. At the 10th second of the 
process, the aggregation inducer ADP is added to the 
cuvette at a final concentration of 5 µM. The 
aggregogram is recorded for 5 minutes, while stirring the 
sample with a magnetic stirrer (800 rpm). 

When recording the process of platelet aggregation, 
curves representing the increasing light transmission of 
the experimental sample were obtained. The aggregation 
level was estimated by the value of the aggregogram 
amplitude at the 5th minute of the process. The inhibitory 
effect on platelet aggregation (InPA) of the studied 
compounds was calculated using Formula 4: 

       (4), 

where A – degree of platelet aggregation in rabbit 
blood without the studied compounds; B – stage of 
platelet aggregation after incubation of platelet-rich 
plasma with the studied compounds. 

The studied compounds and the comparison drug 
acetylsalicylic acid were studied at a concentration of 100 
µM. 
Statistical analysis 
Statistical analysis was performed in Prism 8.0 program 
(GraphPad software, San Diego, CA, USA). 
Nonparametric Mann-Whitney U-test was used for 
pairwise comparisons, and one-factor analysis of variance 
with Dunnett’s post-hoc test was used for multiple 
comparisons. IC50 were obtained using nonlinear 3-
parametric regression. 

Results
Synthesis
The synthetic route to target compounds is shown in Fig. 
1. Trimethylsilyl derivative of quinazoline-2,4(1H,3H)-
dione 1 was readily alkylated with 1 molar equivalent of 

In PA = 100 − (B /A) × 100 %
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benzyl bromoacetate at 160-170 °C without any solvent 
to get benzyl (2,4-dioxo-3,4-dihydroquinazolin-1(2H)-
yl)acetate (2). After alkylation with methyl iodide, allyl 
bromide, or benzyl chloride corresponding 1,3-
disubstituted quinazoline-2,4(1H,3H)-dione derivatives 
3-5 were obtained in 67-69% yield. The next step 
involved treatment of esters 3-5 with guanidine generated 
in situ from 1 molar equivalent of guanidine 
hydrochloride and potassium hydroxide in boiling 95% 
ethanol, which leads to rapid cleavage of the ester bond 
and formation of N-acyl derivatives of guanidine 6-8 in 
75-88% yield. When aminoguanidine was used as a 
nucleophilic reagent, which was similarly obtained in situ 
from aminoguanidine carbonate and potassium hydroxide 
in boiling 95% ethanol, the reaction is accompanied by 
cyclization to form 5-amino-1,2,4-triazole and leads to 
quinazoline-2,4(1H,3H)-dione derivatives 9-11 in 59-77% 
yield.  

pH-dependent platelets deformation (NHE-1 
inhibitory activity) 

An in vitro study performed on rabbit platelets showed that 
at a concentration of 10 nM, the studied compounds 
exhibited moderate NHE-1-inhibitory activity (Table 1). 
Compounds 6, 8 and 9 were superior to rimeporide in their 
activity but slightly inferior to zoniporide. Compound 7 was 
nearly inferior to rimeporide; compounds 10 and 11 were 1.8 
and 1.4 times inferior to rimeporide, respectively, but had an 
effect superior to the comparison drug amiloride. 

Since the activity of some compounds at a 
concentration of 10 nM was close to zoniporide, it was of 
interest to study the dose-dependent effect and calculate 
the IC50. It was shown that compound 6, although inferior 
to zoniporide in terms of IC50 by 4.4 times, was 
significantly superior to other reference drugs. Compound 
9 showed a moderate effect, but was superior to amiloride 
and rimeporide. Compounds 7 and 8 did not show a 
significant dose-dependent effect, therefore IC50 of 
compound 7 is inferior to all the studied compounds, and 

for compound 8, this value was not calculated (Table 1). 

Figure 1. Synthesis of the target compounds: (i) (Me3Si)2NH, NH4Cl, reflux, 72 hr., ~100%; (ii) BrCH2C(O)OBn, 160-170 oC, 2 hr., 95%; (iii) MeI, 
CH2=CH-CH2-Br, or BnCl, K2CO3, DMF, 25 oC, 48 hr., 67-69%; (iiii) NH2C(NH)NH2·HCl, KOH, 95% EtOH, reflux, 10 min, 75-98%; (iiiii) 
NH2C(NH)NHNH2·1/2H2CO3, KOH, 95% EtOH, reflux, 1 hr., 59-77%.

No. Compound

pH-dependent platelets 
deformation (NHE-1 inhibitory 

activity) Maximum IOP 
change, %
(m±SEM,  
n=6, %)% Inhibition,  

10 nM (m±SEM, 
n=6, %)

IC50 (М)

1 6 -42.47±6.69* ### 1.23×10-7 -7.35±8.68

2 7 -32.45±5.12* ### 3.54×10-5 -19.14±8.21

3 8 -36.85±5.84* ### n.d. -29.50±5.78$

4 9 -38.52±6.24* ### 6.05×10-7 -13.75±7.02

5 10 -19.26±4.03* # ## 

### n.d. -7.69±4.44

6 11 -24.89±3.09* ### n.d. 6.3±7.54$$$,$$

7 Amiloride -5.39±1.82* # ## 1.38×10-6 -13.7±5.16

8 Rimeporide -34.23±5.91* ### 1.04×10-6 n.s.

9 Zoniporide -48.05±7.09* ### 2.82×10-8 -44.10±10.67$

10 Timolol n.s. n.s. -30.76±4.69$

Table 1. Effect of new quinazoline-2,4(1H,3H)-dione derivatives on 
pH-dependent platelets deformation and intraocular pressure

Note: n.s. – not studied; n.d. – not determined due to maximum effect 
being below 50%; * –statistically significant vs. control (p<0.05, Mann-
Whitney U-test); # – statistically significant vs. comparison drug 
zoniporide (p<0.05, Mann-Whitney U-test); ## – statistically significant 
vs. comparison drug rimeporide (p<0.05, Mann-Whitney U-test); $ – 
statistically significant vs. baseline (p≤0.05, Kruskal-Wallis with Dunn's 
post-test); $$ – statistically significant vs. comparison drug group 
Timolol (p≤0.05, Kruskal-Wallis with Dunn's post-test); ### – 
statistically significant vs. comparison drug amiloride (p<0.05, Mann-
Whitney U-test); $$$ – statistically significant vs. comparison drug 
Zoniporide (p≤0.05, Kruskal-Wallis with Dunn's post-test). 
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Effect on intraocular pressure

The results of the study revealed that all the compounds 
affect intraocular pressure in varying degrees. All studied 
substances can be conditionally divided into highly active 
(reducing IOP by more than 25%), moderately active 
(15-25%), and inactive (less than 15%) (Table 1). Thus, 
the most active is compound 8 (-29.50%). Compound 7 
(-19.14%) can be classified as a medium active 
ophthalmohypotensive compound. The remaining 
compounds 6, 9 and 10, are inactive, as the IOP reduction 
varies in the range of -7-15%, and thus have no 
significant effect. Compound 11 caused an increase of 
ophthalmotonus by 6.3% during instillation, which is an 
undesirable effect.

Anti-inflammatory activity

Anti-inflammatory activity of the target compounds was 
evaluated in a phenotypic cell-based screen. Briefly, 
murine peritoneal macrophages were incubated with test 
compounds to allow permeation and stimulated with E. 
coli LPS. Nitric oxide accumulation in cell supernatants 
was considered as a marker of inflammatory response. 
Lactate dehydrogenase release from cells was followed in 
parallel to assess cytotoxicity of the compounds. Data 
obtained revealed that guanidine derivatives 6-8 
demonstrate marginal NO-inhibitory properties, while 
compounds 9-11 show at least 4-fold inhibition (Table 2). 
All the compounds did not affect macrophage viability to 
a significant extent in high micromolar concentrations 
after 24-hr incubation. Reference compounds 
dexamethasone and amiloride show submicromolar 
activity, which is consistent with literature data and our 
previous works (Spasov et al. 2021, 2022).

Antiglycation activity

During the study of the compounds’ antiglycation 
activity, the ability of a compound to inhibit the glycation 
reaction at any of its stages is tested, from the earliest 
stages to the latest ones. This is notable because 
compounds with any mechanism of antiglycation effect 
can express their activity within this test system. Table 3 
demonstrates that compounds 8 and 11 exhibit superior 
antiglycation properties compared to the reference drug 
aminoguanidine. The remaining compounds did not 
exhibit this activity. There is an increase in activity as the 
radical in the R position changes from Me to Bn in the 
series of compounds 6-8 and 9-11, respectively. 
Therefore, the substituents significantly influence the 
observed activities. It can also be noted that compounds 
comprising a 2-aminotriazole moiety exhibit higher 
activity than those containing a non-cyclic fragment.

Table 2. Effect of quinazoline-2,4(1H,3H)-dione derivatives on LPS-
stimulated mouse macrophages

Note: n.s. – not studied;.n.d. – not determined; * – statistically 
significant vs. LPS control (p<0.05, Kruskal-Wallis test with Dunn's 
post-test); ** – statistically significant vs. LPS control (p<0.005, 
Kruskal-Wallis test with Dunn's post-test). 

No. Compound

NO synthesis vs.  
LPS control Cytotoxicity

by LDH-test,  
CC50 (µM)% Activity, 

100 µM 
(m±SD)

IC50 (µM)

1 6 45.36±3.12 n.d. >100

3 7 50.11±10.65 n.d. >100

5 8 31.92±4.91 n.d. >100

2 9 15.29±4.71* n.d. >100

4 10 24.35±9.11 36.50 >100

6 11 3.71±7.03** 15.64 >100

7 Dexamethasone 2.56±9.17* 0.003 >100

8 Amiloride 5.67±5.96* 0.62 >100

9 Rimeporide n.s. n.s. >100

10 Zoniporide n.s. 15.56 >100

Ta b l e 3 . A n t i g l y c a t i o n a n d a n t i a g g r e g a n t a c t i v i t y o f 
quinazoline-2,4(1H,3H)-dione derivatives

Note: n.s. – not studied; * – statistically significant vs. control (p<0.05, 
1-way ANOVA, Tukey’s post-test). 

No. Compound

Antiglycation activity Antiplatelet activity

% Inhibition, 1000 µM 
(m±SEM, n=6)

Δ% Inhibition, 100 
µM (m±SEM, n=6)

1 6 7.0±2.0 23.4±7.2*

2 7 16.4±1.1* 27.7±7.2*

3 8 25.4±1.2* 19.1±3.1*

4 9 0.6±4.2 21.1±7.0*

5 10 8.2±1.2 32.8±8.0*

6 11 38.1±2.6* 14.0±2.7

7 Amiloride 64.3±0.8* 66.1±0.6*

8 Rimeporide 5.7±2.4 n.s.

9 Zoniporide -2.2±3.0 n.s.

10 Aminoguanidine 21.6±1.8* n.s.

11 Acetylsalicylic 
acid n.s. 56.5±2.0

Antiplatelet activity

All the studied compounds significantly contributed to 
the inhibition of platelet aggregation (Table 3). However, 
the comparison drug acetylsalicylic acid at a 
concentration of 100 µM contributed to a more 
pronounced inhibition of platelet function, on average 
exceeding the activity of the tested substances by 2.6 
times. 

Discussion
Guanidine derivatives of quinazoline are promising 
scaffolds for the development of active NHE-1 inhibitors 
on their basis. NHE-1 inhibition can have a positive effect 
in ischemia-reperfusion of the heart and brain, heart 
failure, myocardial hypertrophy, the course of diabetes 
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mellitus and its complications, the development of 
glaucoma, kidney diseases, and the immune system 
(Pedersen and Counillon 2019; Wichaiyo and Saengklub 
2022; Chen et al. 2022; Correale et al. 2023; Cao et al. 
2023; Metwally et al. 2023). Using method from 
(Rosskopf et al. 1991), we could suppose the presence of 
sodium-hydrogen exchanger 1 inhibiting activity of our 
substances. The study of new guanidine derivatives of 
quinazoline-2,4(1H,3H)-dione revealed a moderate 
inhibitory activity in substances 6 and 9. Other substances 
of this series were also noninferior to the comparison 
agents, which in general proves the contribution of the 
guanidine grouping to the NHE-1-inhibitory activity of 
quinazoline series substances. 

In addition, we studied the antiglaucomic activity of 
the synthesized compounds. NHE inhibitors are known to 
reduce intraocular pressure (Shahidullah et al. 2009). 
Topical application of three direct Na+/H+ exchanger 
blockers resulted in IOP reduction in mice: 
dimethylamiloride (DMA), ethylisopropylamiloride 
(EIPA), and compound BIIB723. These effects were 
mediated locally rather than systemically, as the addition 
of DMA in one eye did not affect IOP in the contralateral 
eye (Avila et al. 2002). The antiglaucoma properties of 
guanidine derivatives of quinazoline have been shown 
previously (Taran et al. 2023). In our studies, high 
ophthalmohypotensive activity of substance 8 comparable 
to timolol was established. The other guanidine 
derivatives of quinazoline showed an average level of 
activity or were inactive. 

Studies have shown that neuroinflammation is closely 
related to the pathogenesis of glaucoma (Soto and Howell 
2014). Inhibition of certain proinflammatory pathways 
appears to be neuroprotective, and macrophages and 
monocytes play an important role in the regulation of 
outflow and IOP (Wang et al. 2020). The study of anti-
inflammatory activity of new substances revealed clear 
and consistent structure-activity relationships. That is, 
guanidine derivatives 6-8 demonstrate marginal NO-
inhibitory properties, while cyclic analogs 9-11 
comprising the 2-aminotriazole moiety show at least 4-
fold inhibition. The influence of the R3-substituent in both 
series indicates that benzyl contributes to activity the 
most, while allyl and especially methyl groups are 
inferior. Thus, the presence of bulky aromatic fragments 
is beneficial for anti-inflammatory properties with 
compound 11 being the most active. 

It is known that diabetic retinopathy is one of the most 
frequent causes of vision loss up to its complete loss. In 
addition to cataract, diabetes mellitus increases the risk of 
glaucoma in patients, and agents with antiglycation 
activity are able to reduce intraocular pressure, which 
provides an antiglaucoma effect (Khodjaev et al. 2020; 
Kumaksheva et al. 2021). Aminoguanidine derivatives are 
characterized by antiglycation activity, which is 
associated with the ability to form triazines and 
hydrazones with di- and monocarbonyl compounds 
(García-Díez et al. 2020). Therefore, it was of interest 
to consider compounds with a guanidine group for the 
presence of antiglycation activity, which was detected 
in substances 8 and 11, while the other derivatives 
w e r e s i g n i f i c a n t l y i n f e r i o r t o t h e d r u g 
aminoguanidine. 

There is evidence that quinazoline derivatives have 
antiplatelet properties (Eskandariyan at al. 2014). In 
addition, it has been found that NHE-1 inhibitors have the 

ability to inhibit the functional activity of platelets 
(Wichaiyo and Saengklub 2022). In this regard, it was of 
interest to study the antiplatelet properties of guanidine 
derivatives of quinazoline-2,4(1H,3H)-dione. It was 
found that the greatest antiplatelet activity was exhibited 
by compound 10, which was inferior to acetylsalicylic 
acid. The guanidine-containing inhibitor of NHE 
amiloride at a concentration of 100 µM contributed to the 
reduction of platelet aggregation by an average of 66.1%, 
being superior to acetylsalicylic acid as a reference drug. 
This may provide a rationale for the directed synthesis of 
highly effective antiaggregant compounds based on 
quinazoline-2,4(1H,3H)-dione.

Upon comparing the antiglycation activity of 
compounds 8 and 11, an interesting observation arises – 
these compounds, despite having a higher potential for 
antiglycation action, have a lesser impact on platelet 
aggregation compared to other compounds (antiplatelet 
activity is not statistically confirmed for compound 11 
according to Table 2). Presumably, the introduction of the 
Bn substituent in the R position is responsible for the 
manifestation of both properties. Furthermore, it can be 
observed that the ability of the compounds to influence 
NO production also increases as the R group changes 
from Me to Bn. 

Conclusion
Guanidine derivatives of quinazoline-2,4(1H,3H)-dione 
are a promising scaffold for further development of 
agents based on them for the treatment of cardiovascular 
pathologies, glaucoma, excessive inflammation, protein 
glycation disorders, and thrombosis. 
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