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ABSTRACT: As an extension of our research, the in vitro antioxidant efficiency of perspective agonists of                    
β3-adrenoceptors structurally based on the aryloxypropanolamine pharmacophore, chemically 3-{4-
[(alkoxycarbonyl)amino]phenoxy}-N-{2-[4-(aminosulfonyl)phenyl]ethyl}-2-hydroxypropan-1-ammonium chlorides, 
was investigated. The potential of evaluated compounds to reduce relatively stable 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) radicals in the spectrophotometric tests was dependent on the length of the alkyl substituent 
of alkoxycarbonylamino moiety directly attached to phenyl ring. The elongation of given string was accompanied by 
the increase in the effectiveness. From the entire analyzed set, the compound containing butoxycarbonylamino group 
has been able to act most markedly as the reduction agent towards the DPPH radicals showing the percentage of the 
DPPH reduction (% DPPH) of 11.34±0.02. On the other hand, the tested derivative has shown approximately 
ninefold decrease in the efficiency compared to applied Trolox standard, a water-soluble analogue of vitamin E, with 
its %DPPH=95.45±0.02. 
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INTRODUCTION 
 The β3-adrenergic receptors (β3-ARs) belong to 
the G-protein coupled receptor family characterized 
by seven transmembrane domains of 22–28 amino 
acids, with three intracellular and three extracellular 
domains.1 The β3-ARs have been found to mediate 
various pharmacological effects. For an illustration, it 
has been previously reported that first highly 
selective orally active and brain-penetrant β3-AR 
agonist, SR 58611A (amibegron; Scheme 1) has 
demonstrated antidepressant and anxiolytic properties 
in rodents.2 Additionally, research by Taburella et al.3 
has supported the idea that β3-ARs might be a 
therapeutic target of the stress-related disorders. The  
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β3-AR agonists have attracted much attention as a 
potential tools toward the treatment of obesity by 
increased mobilization of fat from white adipose 
tissue (lipolysis), by increased fat oxidation and by 
brown adipocyte tissue-mediated thermogenesis.4 
The molecules with β3-AR agonistic activity might 
provide potential anti-diabetic agents with a 
perspective for the treatment of non-insulin 
dependent diabetes mellitus or type-II diabetes.5 
Concerned subtype of the receptors could be 
suggested as a therapeutic target in gut inflammatory 
diseases.6 At present, solabegron might represent 
a novel therapeutic tool for the treatment of irritable 
bowel syndrome.1,6 Additionally, some of the 
selective β3-AR agonists (BRL37344, ZD7114, 
CGP12177A, GW427353-solabegron or YM-178–
mirabegron) have been considered as potent relaxing 
agents of the human detrusor muscle in vitro.7-9 
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Additionally, taken from recent literature,10 
solabegron and mirabegron (Scheme 1) are currently 
in Phase I and Phase III clinical trials, respectively, 
for the treatment of overactive bladder. From the 
viewpoint of the influence on cardiovascular system 
in animal models, the selective β3-AR stimulation has 
led to antiarrhythmic effects and the β3-ARs might be 
regared as a novel molecular target for antiarrhythmic 
therapy11 or they have served a chiefly protective role 
in maladaptive remodeling and in the development of 
heart failure.12,13 Additionally, free radical 
overproduction has been observed leading to vascular 
complications.14 The results from the study of Rozec 
et al.15 have pointed out that nebivolol has induced 
relaxation of rat aorta by stimulation of endothelial 
β3-ARs which then activates the NO pathway. 
 Wishing to identify whether newly synthesized 
original compounds, perspective β3-AR agonists, 
could be effective antioxidants, as therapeutic agents, 
the molecules used in the present study, labelled as 
BL-14S2–BL-44S2 (Table 1), have been screened in 
vitro for their capability to reduce 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radicals. 
 
MATERIALS AND METHODS 
 Chemicals and reagents. Currently evaluated 
compounds labelled as BL-14S2–BL-44S2 (Table 1), 
chemically 3-{4-[(alkoxycarbonyl)amino]phenoxy}-
N-{2-[4-(aminosulfonyl)phe-nyl]ethyl}-2-hydroxy-
propan-1-ammonium chlorides (alkoxy=methoxy to 
butoxy), were purchased from Department 
of Pharmaceutical Chemistry, Faculty of Pharmacy, 
Comenius University, Bratislava, Slovak Republic as 
well as from Department of Chemical Drugs, Faculty 
of Pharmacy, University of  Veterinary and 
Pharmaceutical Sciences, Brno, Czech Republic. 
They were prepared and tested in vitro as the 
racemates, not as pure enantiomers. Synthesis and 
spectral data of all currently investigated molecules 
have been submitted for publication. 
 The applied standard of analytical grade, Trolox, 
chemically (±)-6-hydroxy-2,5,7,8-tetra-methyl-chro-
mane-2-carboxylic acid (Fluka Chemie, Switzerland) 
was available commercially. 

 DPPH (2,2-diphenyl-1-picrylhydrazyl) assay. 
The free radical scavenging ability of tested 
compounds was determined with the DPPH assay by 
following the procedure described in the paper of 
Masteiková et al.16 The solution (200 µl) of 
respective compound dissolved in methanol (c=0.1 
mg/ml) was made up to 2.0 ml with methanolic 
solution of DPPH (c=0.1 mmol/l). After 5 min, the 
absorbance value was measured at the wavelength of 
517 nm using the UV/VIS spectrophotometer HP 
8453 (Hewlett Packard, USA). The decrease in the 
absorbance of  DPPH solution has indicated an 
increase in DPPH radical reducing effect. The 
reduction of the DPPH radicals was calculated 
relative to the measured absorbance of the control as 
means ± standard deviation of three parallel 
measurements (Table 1) according to the equation 
given below: 
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where: %DPPH– the percentage of the DPPH 
reduction; Asample– the absorbance at 517 nm; Acontrol    

–the absorbance at 517 nm in control measurement. 
 
RESULTS AND DISCUSSION 
 The design of potent, selective human β3-AR 
agonists has been traditionally focused on the 
compounds in which aryloxypropanolamine or 
arylethanolamine pharmacophore has been attached 
to substituted (hetero)aryl fragment through ethane-
1,2-diyl spacer.17,18 Additionally, in terms of 
identification of the essential features for β3-AR 
agonistic activity has been previously observed, that 
the free secondary amino and hydroxyl groups within 
such molecules have been regarded as essential 
structural requirements.19 An insight into chemical 
structure of currently investigated aryloxypropa-
nolamine-based compounds BL-14S2–BL-44S2 
(Table 1) has revealed that they have met the criteria 
mentioned above. Furthermore, the substances used 
in the study contain sulfonamide group which has 
been present, among others, in the structure of 
(i) aryloxypropanolamine-based highly selective 
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antagonists (L-748,328 and L-748,337; Scheme 2) of 
β3-ARs;20 (ii) L-755,507, a highly potent 
subnanomolar human β3-ARs agonist which has also 
showed excellent selectivity;21 (iii) pyridyloxy-
propanolamine L-749,372, a selective partial agonist 
of human β3-ARs.22 

 The presence of two aromatic rings integrated 
within the molecules of BL-14S2–BL-44S2 has 
assumed their relatively high lipophilicity. 
Furthermore, the elongation of alkoxycarbonylamino 
fragment attached to the aromate has also enhanced 
its lipophilicity.  

 
                      Table 1. The in vitro potency of evaluated compounds BL-14S2–BL-44S2 to reduce the DPPH radicals. 
 

 

Entry R Formula Mr %DPPH 

BL-14S2 CH3 C19H26ClN3O6S 459.94 1.27 ± 0.01 

BL-24S2 C2H5 C20H28ClN3O6S 473.97 2.22 ± 0.02 

BL-34S2 C3H7 C21H30ClN3O6S 488.00 4.61 ± 0.03 

BL-44S2 C4H9 C22H32ClN3O6S 502.02 11.34 ± 0.02 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Scheme 1. Chemical structure of selected β3-adrenoceptor agonists containing arylethanolamine pharmacophore. 
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Scheme 2. Chemical structure of the compounds with high affinity for human β3-ARs which contain aryloxypropanolamine pharmacophore 

as well as sulfonamide (reverse sulfonamide) group. 

 
 As can be seen from Table 1, the alkyl side chain 
elongation has implied more pronounced ability of 
the tested compounds to reduce the DPPH radicals. 
The introduction of butoxycarbonylamino side string 
has led to the highest value of estimated %DPPH 
(11.34±0.02) which has been assigned to the 
molecule BL-44S2. Additionally, free DPPH radical 
scavenging (reducing) capability of inspected 
compounds was compared to Trolox, a water-soluble 
derivative of vitamin E.23 As experimental results 
have indicated (Table 1), the most potent derivative 
BL-44S2 has shown approximately ninefold decrease 

in the efficiency than applied standard exhibiting 
%DPPH=95.45±0.02. 
 Because of the lack of published studies dealing 
in vitro antioxidant effectiveness of structurally 
similar β3-AR agonists, there are still some 
ambiguous conclusions, and thus, there is still scope 
for further analysis. Based on the aforementioned 
statement, it could be taken into the consideration 
that the transfer of alkoxycarbonylamino group to 
ortho- or meta-position at phenyl ring might lead to 
more promising compounds in terms of their ability 
to reduce the DPPH radicals. Similarly, for 
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a systematic evaluation of structural effects in the 
series of such compounds, the substituent attached to 
aromatic moiety in basic part (i.e. free sulfonamide 
moiety) could be subjected to alternations. For the 
clarification, the SO2 group in the 
benzenesulfonamide fragment is a strong hydrogen 
bond acceptor with the ability to show electron-
withdrawing effect. On the contrary, the presence of 
the groups exhibiting primarily positive mesomeric 
effect, i.e. electron-donating impact (hydroxyl, 
methyl, methoxy) could appear to be favourable for 
antioxidant properties. Next, the influence of spacer 
length, i.e. extension or diminution by one methylene 
unit, in between the propanolamine and (substituted) 
aromatic unit could be also investigated. These 
alternations will be the subject of future 
investigations. 
 In conclusion, this study has brought to light 
novel original β3-AR agonists, containing 
aryloxypropanolamine moiety attached to substituted 
phenyl fragment through ethane-1,2-diyl chain, 
which have possessed relatively moderate ability to 
reduce the DPPH radicals. Despite limited set of 
evaluated compounds, such effectiveness has 
appeared to be dependent on the length of  
alkoxycarbonylamino side string directly bonded to 
lipophilic aromatic ring. Among the investigated 
derivatives, the highest DPPH reducing potency has 
been related to the one containing 
butoxycarbonylamino moiety. In general, such 
potential β3-AR agonists could open the field of a 
new therapeutic strategy reflecting their antioxidant 
properties as the contribution to their known clinical 
benefits. 
 
ACKNOWLEDGEMENT 
 The authors are very grateful to Slovak Grant 
Agency for Science for supporting by the VEGA 
Grant Projects No. 1/0039/12 and No. 1/0055/11. 
 
REFERENCES 
1.  Ursino, M.G., Vasina, V., Raschi, E., Crema, F. and De 

Ponti, F. 2009. The β3-adrenoceptor as a therapeutic target: 
Current perspectives. Pharmacol. Res. 59, 221-234. 

2.  Claustre, Y., Leonetti, M., Santucci, V., Bougault, I., 
Desvignes, C., Rouquier, L., Aubin, N., Keane, P., Busch, S., 
Chen, Y., Palejwala, V., Tocci, M., Yamdagni, P., Didier, 
M., Avenet, P., Le Fur, G., Oury-Donat, F., Scatton, B. and 
Steinberg, R. 2008. Effect of the β3-adrenoceptor (Adrb3) 
agonist SR58611A (amibegron) on serotonergic and 
noradrenergic transmission in the rodent: relevance to its 
antidepressant/anxiolytic-like profile. Neuroscience 156, 
353-364. 

3.  Tamburella, A., Micale, V., Leggio, G.M. and Drago, F. 
2010. The β3 adrenoceptor agonist, amibegron (SR58611A) 
counteract stress-induced behavioral and neurochemical 
changes. Eur. Neuropsychopharm. 20, 704-713. 

4.  Weyer, C., Gaultier, J.F. and Danforth Jr., E. 1999. 
Development of beta 3-adrenoceptor agonists for the 
treatment of obesity and diabetes – an update. Diabetes 
Metab. 25, 11-21. 

5.  Yoshida, T., Sakane, N., Wakabayashi, Y., Umekawa, T. and 
Kondo, M. 1994. Anti-obesity and anti-diabetic effects of CL 
316,243, a highly specific beta3-adrenoceptor agonist in 
yellow KK mice. Life Sci. 54, 491-498. 

6.  Lomax, A.E. 2008. Anti-inflammatory effects of beta3-
adrenoceptors: the burgeoning field of neurogastro-
immunology. Neurogastroenterol. Motil. 20, 967-970. 

7.  Badawi, J.K., Seja, T., Uecelehan, H., Honeck, P., Kwon, S.-
T., Bross, S. and Langbein, S. 2007. Relaxation of human 
detrusor muscle by selective beta-2 and beta-3 agonists and 
endogenous catecholamines. Urology 69, 785-790. 

8.  Biers, S.M., Reynard, J.M. and Brading, A.F. 2006. The 
effects of a new selective beta3-adrenoceptor agonist 
(GW427353) on spontaneous activity and detrusor relaxation 
in human bladder. BJU Int. 98, 1310-1314. 

9.  Takasu, T., Ukai, M., Sato, S., Matsui, T., Nagase, I., 
Maruyama, T., Sasamata, M., Miyata, K., Uchida, H. and 
Yamaguchi, O. 2007. Effects of (R)-2-(2-aminothiazol-4-yl)-
4´-{2-[(2-hydroxy-2-phenylethyl)amino]ethyl}acetanilide 
(YM178), a novel selective beta3-adrenoceptor agonist, on 
bladder function. J. Pharmacol. Exp. Ther. 321, 642-647. 

10.  Tyagi, P., Tyagi, V., Yoshimura, N., Chancellor, M. and 
Yamaguchi, O. 2009. Beta3-adrenoceptor agonists for the 
treatment of overactive bladder. Drugs Fut. 34, 635-640. 

11.  Zhou, S., Tan, A.Y., Paz, O., Ogawa, M., Chou, C.C., 
Hayashi, H., Nihei, M., Fishbein, M.C., Chen, L.S., Lin, S.F. 
and Chen, P.S. 2008. Antiarrhythmic effects of beta3-
adrenergic receptor stimulation in a canine model of 
ventricular tachycardia. Heart Rhythm. 5, 289-297. 

12.  Rozec, B. and Gaulthier, C. 2006. Beta3-adrenoceptors in the 
cardiovascular system: putative roles in human pathologies. 
Pharmacol. Ther. 111, 652-673. 



28 Sichrovska et al. 

13.  Moens, A.L., Leyton-Mange, J.S., Niu, X., Yang, R., 
Cingolani, O., Arkenbout, E.K., Champion, H.C., Bedja, D., 
Gabrielson, K.L., Chen, J., Xia, Y., Hale, A.B., Channon, 
K.M., Halushka, M.K., Barker, N., Wuyts, F.L., Kaminski, 
P.M., Wolin, M.S., Kass, D.A. and Barouch, L.A. 2009. 
Adverse ventricular remodeling and exacerbated NOS 
uncoupling from pressure-overload in mice lacking the beta3-
adrenoceptor. J. Mol. Cell. Cardiol. 47, 576-585. 

14.  Aubriot, S., Nicolle, E., Lattier, M., Morel, C., Cao, W., 
Daniel, K.W., Collins, S., Leclerc, G. and Faure, P. 2002. 
New series of aryloxypropanolamines with both human β3-
adrenoceptor agonistic activity and free radical scavenging 
properties. Bioorg. Med. Chem. Lett. 12, 209-212. 

15.  Rozec, B., Quang, T.T., Noireaud, J. and Gauthier, Ch. 2006. 
Mixed β3-adrenoceptor agonist and α1-adrenoceptor 
antagonist properties of nebivolol in rat thoracic aorta. Br. J. 
Pharmacol. 147, 699-706. 

16.  Masteiková, R., Muselík, J., Bernatonienė, J., Majienė, D., 
Savickas, A., Malinauskas, F., Bernatonienė, R., Pečiūra, R., 
Chalupová, Z. and Dvořáčková, K. 2008. Antioxidant 
activity of tinctures prepared from hawthorn fruits and 
motherwort herb. Čes. slov. Farm. 57, 35-38. 

17.  Parmee, E.R., Brockunier, L.L., He, J., Singh, S.B., 
Candelore, M.R., Cascieri, M.A., Deng, L., Liu, Y., Tota, L., 
Wyvratt, M.J., Fisher, M.H. and Weber A.E. 2000. 
Tetrahydroisoquinoline derivatives containing a 
benzenesulfonamide moiety as potent, selective human β3 
adrenergic receptor agonists. Bioorg. Med. Chem. Lett. 10, 
2283-2286. 

18.  Jin, F., Lu, Ch., Sun, X., Li, W., Liu, G. and Tang, Y. 2011. 
Insights into the binding modes of human β3-adrenergic 

receptor agonists with ligand-based and receptor-based 
methods. Mol. Divers. 15, 817-831. 

19.  Shakya, N., Roy, K.K. and Saxena, A.K. 2009. Substituted 
1,2,3,4-tetrahydroquinolin-6-yloxypropanes as β3-adrenergic 
receptor agonists: Design, synthesis, biological evaluation 
and pharmacophore modeling. Bioorg. Med. Chem. 17, 830-
847. 

20.  Candelore, M.R., Deng, L., Tota, L., Guan, X.-M., Amend, 
A., Liu, Y., Newbold, R., Cascieri, M.A. and Weber, A.E. 
1999. Potent and selective human β3-adrenergic receptor 
antagonists. J. Pharmacol. Exp. Ther. 290, 649-655. 

21.  Parmee, E.R., Ok, H.O., Candelore, M.R., Tota, L., Deng, L., 
Strader, C.D., Wyvratt, M.J., Fisher, M.H. and Weber, A.E. 
1998. Discovery of L-755,507: A subnanomolar human β3 
adrenergic receptor agonist. Bioorg. Med. Chem. Lett. 8, 
1107-1112. 

22.  Weber, A.E., Ok, H.O., Alvaro, R.F., Candelore, M.R., 
Cascieri, M.A,. Chiu, S.-H.L., Deng, L., Forrest, M.J., Hom, 
G.J., Hutchins, J.E., Kao, J., MacIntyre, D.E., Mathvik, R.J., 
McLoughlin, D., Miller, R.R., Newbold, R.C., Olah, T.V., 
Parmee, E.R., Perkins, L., Stearns, R.A., Strader, C.D., 
Szumiloski, J., Tang, Y.S., Tota, L., Vicario, P.P., Wyvratt, 
M.J. and Fisher, M.H. 1998. 3-Pyridyloxypropanolamine 
agonists of the β3 adrenergic receptor with improved 
pharmacokinetic properties. Bioorg. Med. Chem. Lett. 8, 
2111-2116. 

23.  Lúcio, M., Cláudia Nunes, C., Gaspar, D., Ferreira, H., Lima, 
J.L.F.C. and Reis, S. 2009. Antioxidant activity of vitamin E 
and Trolox: understanding of the factors that govern lipid 
peroxidation studies in vitro. Food Biophys  4, 312-320. 

 
 
 


