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ABSTRACT

Objective: The objective of this study was to synthesize methyl 1-(1,3-dimethyl-2,6-dioxo-7-arylalkyl-(alkenyl-)-2,3,6,7-tetrahydro-1H-purin-8-yl)-
5-(4-methyl-(methoxy-, chloro-)phenyl)-1H-pyrazole-3-carboxylates and studying their antioxidant and anti-inflammatory properties by in vitro
methods.

Methods: New derivatives of 1,3-dimethylxanthine with pyrazole at position 8 were synthesized by the interaction of 8-bromotheophylline with
arylalkyl-(alkenyl) halides, hydrazine hydrate, and methyl 4-(4-R)-2,4-dioxobutanoate. For most obtained compounds, antioxidant activity (by
2,2-diphenyl-1-picrylhydrazyl and 2,2’-azobis(2-amidinopropane) dihydrochloride) and anti-inflammatory (by Soybean LOX inhibition) activity was
investigated.

Result: The most effect on free radical oxidation processes was recorded for substances with a phenylalyl radical at position 7 of the molecules (10,
13, and 16). In the activity of inhibition of peroxidation of lipids (89-92%), they predominate Trolox (88%). Their IC50 indices for LOX inhibition are
15.0,17.5, and 27.5 uM, respectively, but less than the nordihydroguaretic acid reference compound used.

Conclusion: The antioxidant and anti-inflammatory properties of a series of synthesized 7,8-disubstituted theophylline containing the pyrazole cycle
have been studied using modern in vitro research methods. The prospect of conducting further synthetic and pharmacological studies for compounds
with phenylalyl radical in the 7 positions of their molecules is shown.

Keywords: Methyl 1-(1,3-dimethyl-2,6-dioxo-7-arylalkyl-(alkenyl-)-2,3,6,7-tetrahydro-1H-purin-8-yl)-5-(4-methyl-(methoxy-, chloro-)phenyl)-1H-
pyrazole-3-carboxylates, Active forms of Oxygen, Lipoxygenase, Antioxidant and anti-inflammatory activities.
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INTRODUCTION

Active forms of oxygen (AFO), which play an important role in many
physiological and biochemical processes are constantly generated in
the body as a result of aerobic metabolism. Under normal conditions
of existence AFOs do not accumulate in cells, but under the influence
of extreme factors of different genesis (chemical pollution, ionizing
radiation, hypoxia, toxic substances, inflammatory processes, etc.)
their formation is intensified, which leads to increased peroxidation of
lipids, oxidative modification of proteins, destruction of nucleic acids,
and carbohydrates and can cause structural and metabolic disorders
in the cells [1]. To correct such phenomena, antioxidants (compounds
of various origin that are capable of removing or inhibiting free radical
oxidation of organic substances with monomolecular Oxygen) are used.

It is well-known that theophylline, as a representative of
methylxanthines, exhibits a wide range of biological activity [2].
However, the chemical modification of its molecule in position 7 is
accompanied by the production of compounds with a narrower profile of
pharmacological action against the background of reducing the number
of side effects and low toxicity [3]. Various derivatives of pyrazole
are also promising research objects since among them are identified
monoamine oxidase and cyclooxygenase-2 inhibitors, substances
with hepatoprotective, anti-inflammatory, analgesic, antioxidant,
antimicrobial, anti-tuberculosis, and antitumor activities [4-6]. Thus, it
seemed to us appropriate to combine in the same molecule two above-
mentioned heterocycles, which could lead to the obtainment of target
products with a higher potential for biological activity.

METHODS

Experimental

All starting materials and solvents were obtained from
commercial sources and used without further purification. Azobis
(2-amidinopropane)  dihydrochloride  (AAPH), 2,2-diphenyl-1-
picrylhydrazyl (DPPH), nordihydroguaretic acid (NDGA), and Trolox
were purchased from the Aldrich Chemical Co. (Milwaukee, WI). Soybean
LOX, linoleic acid sodium salt was obtained from Sigma Chemical Co. (St.
Louis, MO). For the in vitro tests, an ultraviolet (UV)-1700 PharmaSpec
Shimadzu UV-visible double beam spectrophotometer was used.

Biological experiments
General methods

Each in vitro experiment was performed at least in triplicate, and the
standard deviation of absorbance was <10% of the mean.

In vitro assays

Determination of the reducing activity of the stable radical DPPH
To a solution of DPPH in absolute ethanol an equal volume of the
compounds dissolved in DMSO was added. A stock solution (10 mM) of
the compounds was used. The concentrations of the final solutions of
the compounds were 100 uM. After 20 and 60 min at room temperature,
the absorbance was recorded [7].

Inhibition of linoleic acid peroxidation
Production of conjugated diene hydroperoxide by oxidation of sodium
linoleate in an aqueous dispersion was monitored at 234 nm [8]. AAPH



Korobko

is used as a free radical initiator. 10 ul of the 16 mM sodium linoleate
solution was added to the UV cuvette containing 0.93 mL of 0.05 M
phosphate buffer, pH 7.4 prethermostated at 37°C. The oxidation
reaction was initiated at 37°C under air by the addition of 50 pL of
40 mM AAPH solution. Oxidation was carried out in the presence of
aliquots (10 upL) in the assay without antioxidant. Lipid oxidation
was measured in the presence of the same level of DMSO. The rate
of oxidation at 37°C was monitored by recording the increase in
absorption at 234 nm caused by conjugated diene hydroperoxides and
compared with the appropriate standard Trolox.

Soybean LOX inhibition study in vitro

In vitro study was evaluated as reported previously [7]. The tested
compounds dissolved in DMSO were incubated at room temperature
with sodium linoleate (100 pM) and 0.2 mL of enzyme solution
(1/9%x10* w/v in saline). The conversion of sodium linoleate to
13-hydroperoxylinoleic acid at 234 nm was recorded and compared
with the appropriate standard inhibitor (NDGA). Several concentrations
were used for the determination of IC, values.
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method is fast, easy to implement and allows for the screening of large
arrays of investigated substances [10,11].

We also used the method of antiradical action determination for
7,8-disubstituted theophylline using AAPH, since the activity of the
peroxyl radicals that arise under the action of the latter has a greater
similarity to the development of peroxide processes oxidation of lipids
in cells [8].

As is known, lipoxygenase catalyzed the first two stages of the
metabolism of the acid of arachidonate to leukotrienes, important
mediators of inflammation [12]. Based on the features of the structures
of the synthesized compounds and to find new substances with anti-
inflammatory action, it seemed to us expedient to investigate this

Table 1: Physical and chemical characteristics of the new
7.8-disubstituted theophylline

Scheme 1: Synthesis of new 7.8-disubstituted theophylline with a pyrazole fragment
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Table 2: Indicators of antioxidant and anti-inflammatory activity synthesized 7,8-disubstituted theophylline

No of compounds Reducing activity, Reducing activity, Anti-lipid peroxidation, IC,, or % LOX
% 100 uM 20 min % 100 uM 60 min % at 100 pM inhibition at 100 pM
8 25.0 No 37.0 23.0%
9 No 10.0 66.0 No
10 No 4.0 92.0 17.5 uM
11 8.0 No 54.0 36.0%
12 No No 90.0 55.0 uM
13 No No 90.0 15.0 uM
15 No No 47.0 37.5 uM
16 No No 89.0 27.5 uM
NDGA 93.0 97.0 0.55 uM
Trolox 88.0
No activity under the reported experimental conditions
activity on the in vitro model of inhibition of Soybean lipoxygenase AUTHOR’S CONTRIBUTION

(LOX).
The results of the performed studies are presented in Table 2.

By value and reducing activity, all detectable substances are significantly
inferior to NDGA. In addition, compounds 12, 13, 15, and 16 for both
20 min and 60 min of this type of biological action were not detected.

The results of determining the percentage of inhibition of lipid
peroxidation are much more interesting. Thus, the minimum activity
is set for substance 8 (37%), and maximum - for 10 (92%). The data
in Table 2 indicate the highest degree of antioxidant protection of
theophylline derivatives with the phenylalyl substituent at position
7 of the molecules (10, 13, and 16). An interesting one the fact that
the substitution of the methyl group in the 4 position of the aromatic
substituent of the pyrazole residue on Hal (Cl) by 40% reduces the
activity of the phenylpropyl derivative (9 and 15, respectively) and
practically does not affect the antioxidant effect of the phenylalyl (10
and 16, respectively). Introduction of the 4-position of the aromatic
component of the pyrazole ring of the methoxy group leads to a
significant increase in the percentage of inhibition of lipid peroxidation
for phenethyl1l and phenylpropyl12 derivatives (46% and 36%,
respectively). Antiradical activity of phenylalyl derivative 13 remains at
90%. In general, the following should be noted: The highest antioxidant
effect was observed for 1-(1,3-dimethyl-2,6-dioxo-7-arylalkyl-(alkenyl-
)-2,3,6,7-tetrahydro-1H-purine-8-yl)-5-(4-methoxyphenyl)-1H-
pyrazole-3-carboxylates (11-13), which is consistent with the literature
data [13].

The values of LOX inhibition rates are completely correlated with the
above SAR analysis for inhibition of 7,8-disubstituted theophylline
of lipid peroxide oxidation. The greatest efficiency was observed for
compounds with a phenylalyl radical at position 7 of the molecules (10,
13,and 16). Their IC, _are within the range of 15.0-27.5 uM, but inferior
to the reference NDGA (IC,;=0.55 pM). Results obtained confirmed
the thesis that it is antioxidants (free radical traps) that exhibit anti-
inflammatory properties and cause inhibition of LOX.

CONCLUSION

The antioxidant and anti-inflammatory properties of a series of
synthesized 7,8-disubstituted theophylline containing the pyrazole
cycle have been studied using modern in vitro research methods. The
presence of these types of pharmacological action in tested compounds
is shown, and the effectiveness of inhibition of lipid peroxidation
oxidation of 4 substances is dominated by Trolox. Research in this
direction is ongoing.
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