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Abstract

Objective: Accumulation of reactive oxygen species and NO derivatives in
the cell exerts damaging effects on its constituents, such as carbohydrates,
proteins, lipids, and nucleic acids.. The search for antioxidant compounds capable
of interrupting the pathological biochemical processes at various steps of
oxidative and nitrosative stress development, and thus exerting prophylactic and
therapeutic effects, is a priority for medical and pharmaceutical sciences. In this
article we investigated the dependence of NO-scavenger properties of
3-benzyl(4-methylphenyl)xanthine derivatives from energy descriptors.

Materials and methods: For our research we made quantum mechanical
calculations of next energy descriptors of molecular orbitals: E(LUMO),
E(HOMO), HOMO-LUMO gap, absolute hardness of molecule, absolute electron
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negativity, reactivity index. Investigation of antioxidant properties of xanthine
derivatives was carried out using in vitro method by inhibition of NO*-radical.

Results: In vitro study of xanthine derivatives have been shown that almost
all compounds exhibit antioxidant properties. Obtained results also help us to
establish some patterns of structure-activity relationship and dependence from
LUMO energy..

Conclusions: Obtained results could be used for further search of
NO-scavengers among xanthine derivatives.
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Introduction

Reactive oxygen species (ROS) are continuously made in a living cell as
products of its normal metabolism [8]. They also play a role of mediators of
important intracellular signaling pathways [1]. Increased production of ROS leads
to development of oxidative and nitrosative stresses [6, 12, 14].

In biological systems, NO is generated by catalytic action of nitric oxide
synthase and the role of NO has become an important subject of research [11, 15,
17]. However, in pathological situations NO injure cells and tissues [13].

The consequences of interactions of ROS and NO derivatives with their
targets manifest in formation of oxidative and nitrosative stress products,
undesirable for normal cell metabolism. Advanced oxidized plasma proteins
(especially albumin) are produced during nitrosative stress, as well as advanced
glycation ends products, the results of carbohydrate oxidation [17].

Thus, search of compounds that could be used as NO-scavengers is actual
task of modern pharmacology and biochemistry.

Quantitative structure-activity relationship (QSAR) represents the depending
between the structure and biological (pharmaceutical or toxicological) activity of
chemical substances [10].QSAR-methods are very important for prediction of the
pharmacological potency of structurally-related compounds [10].

Xanthine derivatives are valuable class of natural organic compounds with
wide spectrum of biological properties and pronounced antioxidant activity [3-5,
9]. In the previous work we described the ability of xanthine derivatives to
NO-inhibition [2]. In continuation of previous research aim of this work was
study dependence of NO-scavenger properties of
3-benzyl(4-methylphenyl)xanthine derivatives from energy descriptors.

Materials and Methods

Quantum mechanical calculations

For our research we made quantum mechanical calculations of next energy
descriptors of molecular orbitals [10]:
— energy of the lowest unoccupied molecular orbital — E(LUMO);
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— energy of the highest occupied molecular orbital - E(HOMO);
— HOMO-LUMO gap — the energy difference between the HOMO and LUMO;
— absolute hardness of molecule, that was calculated by the formula 1:

__ E(LUMO)- E(HOMO)

n= . 1)

L

— absolute electron negativity, that was calculated by the formula 2:

E(LUMO) + E(HOMO)

2 )
— reactivity index, that was calculated by the formula 3:
w = y*/2n (3)

Calculations were provided at program complex WinMopac (ver 7.2). The
optimization of the structure was achieved using the semiempirical method AM1
(descriptors — HOMOEnergy, LUMOEnergy) with such parameters: Calculation =
SinglePoint, WaveFunction = ClosedShell (RHF).

Estimation of antioxidant activity (AOA) by inhibition of NO*-radical

The method is based on photoinduction of Sodium nitroprusside, which is
accompanied by the accumulation of NOe-radical [16]. The strength of AOA was
determined by the rate of ascorbic acid oxidation via the spectroscopic
measurement of the absorbance of the sample at 265 nm. As a reference standard
we used N-acetylcysteine (NAC) [7].

At first were prepared water solutions of ascorbic acid and Sodium
nitroprusside. Then, to the 0.01 ml of solution of Sodium nitroprusside (0.08 %)
0.01 ml of solution of ascorbic acid (0.6 %), 0.1 ml solution of examined
compounds (in concentrations 10 mol/I, 10° mol/l or 107 mol/l) and 3 ml of
distilled water were added. After stirring reaction were started by immersion of
the light source (300 W with A = 425 nm) for 30 min. AOA were estimated by
conservation of ascorbic acid concentrations.

AOA was calculated by formula 4:

C
*100%

Ec 4

where Et — optical density of test sample; Ec — optical density of control
sample.

ADA =

Statistical analysis.

The statistical data analysis was carried out with the help of the software
STATISTICA® for Windows 6.0 [18]. The data is presented as the sample mean
+ the standard error of the mean. The fidelity of differences between experimental
groups was estimated with the help of Student’s t-test and Fisher's exact test.
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Results

Quantum mechanical calculations

Provided calculations showed, that lowest HOMO energy had
3-benzylxanthinyl-8-propionic acid (compound 2) (Table 2). It should be noted,
that usage of ammonium, monoethanoleamine, morpholine and piperazine as
bases increased of HOMO energy in comparison with initial acids. In the same
time salts of acids had higher LOMO energy and higher energy gap. Addition of
ester groups didn't have much effect on these energy descriptors.

Reactivity index of studied compounds was within -2.59686— -2,72951. An it
should be noted that initial acids had almost equal ® parameter and their further
chemical modification decreased reactivity index of initial compounds.

Estimation of AOA by inhibition of NO*-radical

Compound 1-12 showed relatively high antioxidant properties and their
values in some cases exceed the standard - NAC (Table 1).

Thus, among all compounds, AOA was within 49.43%-98.45% (at
concentration 102 mol/l). The most active compound in this group was
3-(4-methylphenyl)xanthinyl-8-propionic acid 1, which exceeded index of AOA
of NAC at 95.99%. At concentration 10~ mol/I activity of almost all compounds
decreased (except compound 4), but most of compounds exceeded the effect of
standart. At concentration 10" mol/l, all of substances still showed activity, that
was higher then effect of N-acetylcysteine.

Table 1. Antioxidant activity of test compounds (n = 5) by inhibition of
NO’-radical (M+m).

Compound 103 mol/I 105 mol/l 10" mol/l
P E, M=m % E, M=m % E, M=m %
1 1,919 + 0,027? 98,45 1,747 +0,059> 80,66 1,815+0,053%> 87,69
2 1,592 + 0,0522 64,63 1,251 +0,056> 29,37 1,565+0,071>° 61,84
Control 0,967 + 0,054
3 1,559 £0,045Y 77,16 1,326+0,055 50,68 1,351 +0,067' 53,52
4 1,315+ 0,105% 4943 1,523 +£0,093' 73,07 1,363 +0,098" 54,89
5 1,485+0,1471 68,75 1,369+0,120' 5557 1,394+0,118' 58,41
6 1,631 £0,073Y 85,34 1,434+0,0671 62,95 1,377+0,041' 56,48
7 1,500 + 0,061% 70,45 1,497 +0,051* 70,11 1,34940,049' 53,29
8 1,431 £0,065¢ 62,61 1,343+0,071' 52,61 1,388+0,061' 57,73
Control 0,880 +£ 0,024
9 1,637+£0,075> 69,29 1,137+0,084 1758 1,45+0,066> 49,95
10 1,593 + 0,0642 64,73 1,029+0,037 6,41 1,446+0,068% 49,53
11 1,629 + 0,0812 68,46 1,381 +0,084> 4281 1,697+0,092%> 75,49
12 1,552 + 0,065? 60,49 1,081+0,064 11,79 1,344+0,116' 38,98
Control 0,967 +£ 0,054
NAC 0,901 + 0,092 2,46 1,042 £ 0,087 18,47 0,981 +0,074 11,53
Control 0,880 + 0,024

Remark: ! — p<0.05 relative to control; 2 — p<0.01 relative to control.
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Table 2. Quantum mechanical calculations of xanthinyl-8-propionic acid derivatives

Ne Structure E (HOMO), E (LUMO), Energy n, ev Yo, eV o, eV
eV eV gap, eV
1 ? w -8.90037  -0.598091 -8,302279 -4.1511395 4,7492305 -2,71675
oL
O)\N N>_\—(

2 )otH -9.16228  -0.540142 -9,702422 -4.311069  4,851211  -2,72951
I

3 )05:“ N, -8.84915  -0.529164 -9,378314 -4.159993  4,689157  -2,64282
|

4 P H NH, -0.04179  -0.421121 -9,462911 -4.3103345 4,7314555 -2,59686
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Table 2. (Continued): Quantum mechanical calculations of xanthinyl-8-propionic acid derivatives

o H,C—OH
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HN N HaN—CH,
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0
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-9.09904

-8.84159

-8.86439

-9.11205

-8.86955

-0.466491

-0.519298

-0.547332

-0.4881

-0.549139

-9,565531

-9,360888

-9,411722

-9,60015

-9,418689

-4.3162745

-4.161146

-4.158529

-4.311975

-4.1602055

4,782766

4,680444

4,705861

4,800075

4,7093445

-2,64984

-2,63227

-2,66262

-2,67171

-2,66548
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Table 2. (Continued): Quantum mechanical calculations of xanthinyl-8-propionic acid derivatives

-9.12129  -0.497693 -9,618983 -4.3117985 4,8094915 -2,68232

o
10 oﬂ\)% >—\_§z
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Discussion

In vitro study of 12 derivatives of xanthinyl-8-propionic acids have been
shown that almost all compounds exhibit antioxidant properties. Obtained results
also help us to establish some patterns of structure-activity relationship and some
dependence from energy descriptors.

Basic structures — xanthinyl-8-propionic acids 1 and 2, showed antioxidant
action in vitro on the model of nitroprusside photoinduced oxidation, due to their
NO scavenger properties. Addition of ester groups to their structures mostly
decreased antioxidant properties of initial compounds. Thus, propyl
3-(4-methylphenyl)xanthinyl-8-propionate 9 showed less pronounced effect in
comparison with initial acid 1. The same effect had addition of ethoxy group to
the structure of acid 2. Insertion of benzyl residue to the position 7 of xanthine
molecule led to the decreasing of antioxidant properties.

Water-soluble salts of initial acids 3-8 in most cases had less pronounced
antioxidant properties than acids 1 and 2. Thus, usage of ammonium as cation
decreased activity of acids on 29.23 % and 15.2% respectively. Usage of
secondary amines as bases also had negative effect: piperazine (compound 6) and
morpholine (compounds 7 and 8) salts decreased antioxidant properties on
13.11%, 28% and 2.02% respectively.

During comparison of calculated energy descriptors with data of
antioxidant properties of studied compounds we found that antioxidant properties
mostly depended from LUMO energy. Thus,
3-(4-methylphenyl)xanthinylpropionic acid 1, that showed the most pronounced
antioxidant properties, had the lowest LUMO energy between studied compounds.
In the same time the highest LUMO energy had ammonium
3-(4-methylphenyl)xanthinylpropionate 4, that showed the lowest antioxidant
activity among studied compounds.

Obtained results could be used for further search of NO-scavengers among
xanthine derivatives.

References

[1] W.K. Alderton, C.E. Cooper, R.G. Knowles, Nitric oxide synthases: structure,
function and inhibition, Biochemical Journal, 357 (2001), 593-615.
https://doi.org/10.1042/bj3570593

[2] K.V. Aleksandrova, I.F. Belenichev, A.S. Shkoda, S.V. Levich, D.N.
Yurchenko, N.V. Buchtiyarova, Research of antioxidant properties of
theophyllinyl-7-acetic acid derivatives, Oxid Antioxid Med Sci., 3 (2014), no.
3,187-194. https://doi.org/10.5455/0ams.191214.0r.078

[3] A. Barth, N. Kaiser, U. Leffler, H. Sourgens and W. Klinger, Influence of the
xanthine derivative denbufylline and the anti-inflammatory agent nabumetone on


https://doi.org/10.1042/bj3570593
https://doi.org/10.5455/oams.191214.or.078

Analysis of influence of quantum chemical descriptors 47

microsomal free radical production and lipid peroxidation in rat liver, Exp. Toxic.
Pathol., 46 (1994), 483-489. https://doi.org/10.1016/s0940-2993(11)80067-9

[4] LF. Belenichev, K.V. Aleksandrova, S.G. Nosach, S.V. Levich, D.M.
Yurchenko, A.V.Abramov, N.V. Buchtiyarova, E.V. Suprun, New xanthine
derivative B-YR-2 as antioxidant modulator of post-stroke damage of
sensorimotor cortex neurons in rats, Elixir Pharmacy, 76 (2014), 28286-28292.

[5] Bhat VB and Madyastha KM. Antioxidant and radical scavenging properties
of 8-oxoderivatives of xanthine drugs pentoxifylline and lisofylline, Biochemical
and Biophysical Res. Commun., 288 (2001), 1212-1217.
https://doi.org/10.1006/bbrc.2001.5922

[6] K.J. Davies, Oxidative stress: the paradox of aerobic life, Biochem Soc.
Symp., 61 (1995), 1-31. https://doi.org/10.1042/bss0610001

[7] M. Deniz, H. Borman, T. Seyhan, M. Haberal, An effective antioxidant drug
on prevention of the necrosis of zone of stasis: N-acetylcysteine, Burns, 39
(2013), 320-325. https://doi.org/10.1016/j.burns.2012.06.015

[8] B. Halliwell, J.M. Gutteridze, Free Radicals in Biology and Medicine, 4th
edition, Clarendon Press, Oxford, England, 2007.

[9] Levich SV, Aleksandrova KV, Belenichev IF, Shkoda AS. Cerebroprotective
activity of 3-benzylxanthine derivative — compound Ale-15, in conditions of
bilateral common carotid arteries ligation (ischemic stroke), Int. J. Basic Clinival
Pharmacol., 2 (2013), no. 6, 705-710.
https://doi.org/10.5455/2319-2003.ijbcp20131207

[10] Mariko Ishihara, Hidetsugu Wakabayashi, Noboru Motohashi and Hiroshi
Sakagami, Estimation of Relationship between the Structure of
Trihaloacetylazulene  Derivatives  Determined by a  Semiempirical
Molecular—Orbital Method (PM5) and their Cytotoxicity, Anticancer Research, 30
(2010), 837-842.

[11] S. Moncada & A. Higgs, The L-arginine-nitric oxide pathway, New England
Journal of Medicine, 329 (1993), 2002-2012.
https://doi.org/10.1056/nejm199312303292706

[12] P. Pacher, J.S. Beckman, L. Liaudet, Nitric oxide and peroxynitrite in health
and disease, Physiol. Rev., 87 (2007), no. 1, 315-424.
https://doi.org/10.1152/physrev.00029.2006

[13] C. Szabo, C. Thiemermann, Invited opinion: Role of nitric oxide in
hemorrhagic, traumatic, and anaphylactic shock and thermal injury, Shock, 2 (1994),


https://doi.org/10.1016/s0940-2993(11)80067-9
https://doi.org/10.1006/bbrc.2001.5922
https://doi.org/10.1042/bss0610001
http://www.sciencedirect.com/science/article/pii/S0305417912002215
http://www.sciencedirect.com/science/article/pii/S0305417912002215
https://doi.org/10.1016/j.burns.2012.06.015
https://doi.org/10.5455/2319-2003.ijbcp20131207
https://doi.org/10.1056/nejm199312303292706
https://doi.org/10.1152/physrev.00029.2006

48 Olexii A. Ryzhov et al.

145-155. https://doi.org/10.1097/00024382-199408000-00011

[14] H. Sies, Oxidative stress: oxidants and antioxidants, Exp. Physiol., 82 (1997),
no. 2, 291-295. https://doi.org/10.1113/expphysiol.1997.sp004024

[15] K. Tsuchiya, J.-J. Jiang, M. Yoshizumi, T. Tamaki, H. Houchi, K. Minakuchi
et al.,, Nitric oxide-forming reactions of the water-soluble nitric oxide
spin-trapping agent, MGD, Free Radical Biology & Medicine, 27 (1999),
347-355. https://doi.org/10.1016/s0891-5849(99)00062-3

[16] A.F. Vanin, Dinitrosyl iron complexes and S-nitro thiols - two possible forms
of stabilization and transport of nitric oxide in biological systems, Biochemistry, 7
(1998), no. 63, 924-938.

[17] Yoshimi Sueishi, Masashi Horia, Masakazu Kitab, Yashige Kotake, Nitric
oxide (NO) scavenging capacity of natural antioxidants, Food Chemistry, 129
(2011), 866-870. https://doi.org/10.1016/j.foodchem.2011.05.036

[18] V.M. Zaycev, V.G. Liflyandskiy, V.I. Marinkin, Applied Medical Statistics:
Textbook, Foliant, Saint Petersburg, Russia, 2006.

Received: April 3, 2017; Published: April 11, 2017


https://doi.org/10.1097/00024382-199408000-00011
https://doi.org/10.1113/expphysiol.1997.sp004024
https://doi.org/10.1016/s0891-5849(99)00062-3
https://doi.org/10.1016/j.foodchem.2011.05.036

