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ABSTRACT

In search for the potent mushroom tyrosinase inbibj six umbelliferone-thiazolidinedione hybrids well as
their constitutive compounds, (5-substituted bedegk)-thiazolidine-2,4-diones were examined oiir fhaibitory
activity both, on monophenolase and diphenolasw&itict The results showed that all tested compoundsbited
tyrosinase inhibition at 100tM concentration, but diphenolase activities wereunfd less inhibited than
monophenolase. Umbelliferone-thiazolidinedione Hdgrshowed the greater monophenolase and diphemolas
inhibitory activity than the constitutive thiazdlediones. The most potent inhibitors of tyrosinagere
umbelliferone-thiazolidinedione hybrids bearingat-3-hydroxyphenyl moiety at position five of tlolidinedione
ring, showing 1G, of 0.17 and 0.3%M for monophenolase, and 0.25 and 1,88 for diphenolase activity,
respectively. Obtained data indicates importanceuntbelliferone moiety for increase of inhibitorytiaity of
thiazolidinediones bearing 3-hydroxyphenyl and drbyyphenyl moiety, and vice versa.
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INTRODUCTION

Tyrosinases are enzymes with a binuclear coppéerecaile to insert oxygen in amrtho-position of an existing
hydroxyl group in aromatic ring, followed by oxiiat of diphenol to the corresponding quinone. These
oxidoreductases are widely distributed among plaatsimals, fungi and bacteria. Besides their pasiti
developmental and defensive physiological role anious organisms, such as sclerotization and pitatien of
insect cuticles, wound healing, defence againdbiheres and pathogens in plants [1, 2], tyrosinaae negative
impact on hyperpigmentation’s in humans, suckesle lentigp melisma, freckles and pigmented ace scars [3, 4,
5], as well as in browning reaction in food indyg®]. Therefore, development of new potent tyrasim inhibitors,
that may be used for treatments of dermatologisairders related to melanin hyper accumulation édicine and
cosmetic industry, as well in the prevention ofdaning reaction in food industry, is of interest.

Recent reports on the ability of several coumaerivéhtives to act as potent mushroom tyrosinasiitoins [3, 4, 5,

7, 8], as well as reports on the significant intidsi of tyrosinase activity by 5-substituted beidghe-thiazolidine-
2,4-diones [9, 10], gave us idea to investigatediyrase inhibition by six thiazolidinediones anditttorresponding
coumarin derivatives (umbelliferone-thiazolidinetko hybrids) that have been previously synthesisad a
characterized by our research group [11]. Basethenreport of Ashraf et al. [4] who found increasgsinase
inhibitory activity of umbelliferone analogues stihged at position-7 of coumarin ring, as well @&ports on
increased inhibitory activity of coumarin derivats/substituted at position-3 of coumarin ring [37F we assumed
that (5-substituted benzylidene)-thiazolidine-2idréts added at position-df umbelliferone ring might increase
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inhibitory activity of both, umbelliferone and tlialidinediones, thus leading to the new potentsclastyrosinase
inhibitors.

Since inhibitory activity of thiazolidinediones agst mushroom tyrosinase were determined with bgire as
substrate (monophenolase activity) [9,10], and aincarin derivatives with L-DOPA as substrate (diptiase
activity) [3, 4, 5, 7, 8], in our study we have exaed inhibitory activity of six umbelliferone-tidalidinedione
hybrids and their corresponding 5-substituted bkaege-thiazolidine-2,4-diones against mushroorngirase with
both, L-tyrosine and L-DOPA as substrates.

MATERIALS AND METHODS

Chemicals

Mushroom tyrosinase (5771 U/mg solid), L-3,4-dihkpdmphenylalanine (L-DOPA), and umbelliferone were
purchased from Sigma-Aldrich (USA), sodium phosphatonobasic monohydrate, sodium phosphate dibasic
dihydrate, and L-tyrosine from Merck (Germany), letdimethyl sulfoxide (DMSO) from Kemika (Croatia).

Thiazolidinedionesla-f ((5-substituted benzylidene)-thiazolidine-2,4-dishand their umbelliferone hybrids-f
(3-coumarinyl-5-aryliden-1,3-thiazolidine-2,4-di@)e(Figure 1) were synthesized and characterizegr@sgously
reported [11].

Standard stock solutions (10 mM) of tested compewmere prepared with DMSO prior to inhibition stesli

Tyrosinase activity assay

Tyrosinase activity was determined with L-tyrosifaonophenolase) and L-DOPA (diphenolase) as substra
Reaction mixture (1 mL) for monophenolase actigbntained 1 mM L-tyrosine in 50 mM phosphate buffad =
6.5) and 100 units of mushroom tyrosinase, or OMb IRDOPA in 50 mM phosphate buffer (pH = 6.5) an@01
units of mushroom tyrosinase for diphenolase agtivihe reaction was carried out at 26 and increase in
absorbance at 475 nm was measured using a doudhe-lspectrophotometer Specord 200 (AnalytikJena,
Germany). Change in absorbance was recorded evanterduring 20 min (L-tyrosine), or every 10 s 160 s (L-
DOPA), and enzyme activity was measured from thedi portion of curve. One unit of tyrosinase aitiwas
defined as the change in absorbance of 0.001 peramd mL of enzyme. Activity measurements bothhwit
tyrosine and L-DOPA were carried out in triplicate.

Inhibition studies

Mushroom tyrosinase activity (monophenolase andheatiplase) was measured in the presence of six
thiazolidinediones 1a-f), six umbelliferone-thiazolidinedione hybrid2atf) (Figure 1), and umbelliferone as
positive control. Compounds were dissolved in DM&0 mM concentration and added {10 to the reaction
mixture containing 400 pL of 50 mM phosphate buffed = 6.5) and 30 uL of aqueous solution of mushro
tyrosinase (1000 U/mL) for monophenolase, or 92mfie0 mM phosphate buffer (pH = 6.5) and 30 plagfieous
solution of mushroom tyrosinase (1000 U/mL) and-ipoeibated 5 min at 25 °C. Reaction was starteddzlition
of 500 yL of 2 mM L-tyrosine in 50 mM phosphate buffer (pH6.5) (monophenolase), or %0 of 10 mM L-
DOPA in 50 mM phosphate buffer (pH = 6.5) (diphexs®l), and tyrosinase activity was measured asidedan
previous section. Final concentration of tested moumds in the reaction mixture was 100 pM, and BfSD 1%.
Controls without inhibitors, but containing 10 p£@MSO were routinely carried out.

For compounds showing significant inhibition of dginase activity at 10uM concentration, 1§ value (a
concentration giving 50% inhibition of tyrosinasetigity) was determined by interpolation of the dagsponse
curves.

The percent of inhibition of tyrosinase catalysedation was calculated as following:

Inhibition rate (%) = [1 — [(S — B)/(C — B)]] x 100

where S, B, are the absorbance’s for sample andkbland C absorbance for control without inhibitbuyt
containing 10 uL DMSO.
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RESULTS AND DISCUSSION

Synthesis of compounds
Synthesis of tested compounds was performed agildedcin our previous work [11]. Compounds-f (5-

arylmethylidene-1,3-thiazolidine-2,4-diones) werepared by conventional Knoevenagel reaction bygtieg 1,3-
thiazolidine-2,4-dione with appropriate aromatidedlydes. When compountia-f were reacted with 7-hydroxy-4-
bromomethyl-2-oxo-B-chromene, 3-(7-hydroxy-2-oxd-Rchromen-4-ylmethyl)-5-arylidene-1,3-thiazolidingt?
diones2a-f were synthesized (Figure 1).

OH

la-f © 2a-f

Figure 1. Synthesis of tested compounds (R = a: 3HDb: 4-OH; c: 4-OCH3; d: 2-Cl; e: 3-phenoxy; f: 4-OH-3-OCHg)

Inhibitory activity

Synthesized compounds were tested on inhibitoliyigcagainst mushroom tyrosinase at 1@0@ concentration in
the reaction mixture containing 1 mM L-tyrosine foonophenolase, and 0.5 mM L-DOPA for diphenolasivigy.
Results on monophenolase activity inhibition arevalin Figure 2, and diphenolase activity inhibitio Figure 3.

Substituents

| 1 1 1 1 1 1 1 1 1
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Inhibition rate (%)

B Umbelliferone-thiazolidinedi one hybrids OThiazolidinediones

Figure 2. Inhibitory effect of thiazolidinediones and umbelliferone-thiazolidinedione hybrids on monogenolase activity of mushroom
tyrosinase. Concentration of tested compounds in aetion mixture was 100 uM
Results present mean valttastandard deviation of triplicate measurements

All examined compounds, except thiazolidinedionarbey 4-hydroxy-3-methoxyphenyl moietyld), exhibited
monophenolase inhibitory activity (Figure 2). Amorigsted thiazolidinediones, the greatest inhibitioh
monophenolase activity of 93.5% was observed in ghesence of thiazolidinedione bearing 3-hydroxyphe
moiety (La), followed by those one bearing 3-phenoxypheriy) (69.2%) and those bearing 4-hydroxyphenyl
moiety (Lb) (49.8%). Similarly could be observed for umbelidne-thiazolidinedione hybridsa-e (Fig. 2), but in
most cases inhibitory effect was greater than thestitutive thiazolidinediones. Umbelliferone-thi¢idinedione
hybrids bearing 3- or 4-hydroxyphenyl moiety contgle inhibited monophenolase activity at 1Q@M
concentration, while those one bearing 3-phenoxypheoiety showed similar inhibitory effect as agsponding
thiazolidinedione. Moreover, inhibitory effect ofmbelliferone-thiazolidinedione hybrids bearing 2ecbphenyl
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and 4-hydroxy-3-methoxyphenyl moiety was found Higantly augmented compared to the constitutive
thiazolidinediones. This might be attributed to gresence of umbelliferone moiety, since umbelifier alone was
found to inhibit monophenolase activity for 62.7%.

f
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B Umbelliferone-thiazolidinedione hybrids ~ OThiazolidinediones

Figure 3. Inhibitory effect of thiazolidinediones and umbelliferone-thiazolidinedione hybrids on dipheolase activity of mushroom
tyrosinase. Concentration of tested compounds in aetion mixture was 100 uM
Results present mean valttstandard deviation of triplicate measurements

Almost identical trends were found for mushroomogjnase diphenolase activity inhibition (Figure 3).
Thiazolidinediones Ja-f) showed lower diphenolase inhibitory activity th#re corresponding umbelliferone-
thiazolidinedione hybrids2@-f). The highest diphenolase inhibition was achiewdtth compound2b, 2a and 2e
bearing 4-hydroxyphenyl, 3-hydroxyphenyl and 3-ghamhenyl moiety, as well a&&d and 2f hybrids bearing 2-
chlorophenyl and 4-hydroxy-3-methoxyphenyl moiethiathh showed significantly increased inhibition there
constitutive thiazolidinediones. However, umbetiifiee itself was found to only slightly inhibit dipholase activity
(13.4%), and thiazolidinediongb bearing 4-hydroxyphenyl moiety showed lower dipHase inhibiting action
(36.9%).

Due to the great inhibition of mushroom tyrosinasdivity by both thiazolidinediones and umbellifees
thiazolidinedione hybrids bearing 3-hydroxyphen$tphenoxyphenyl and 4-hydroxyphenyl moiety, thelsgl
values, both for monophenolase and diphenolasgitgctiere determined (Table 1). In addition,sdGvalue for
umbelliferone as positive control, as well as cibatite compound of umbelliferone-thiazolidinediohgbrids was
determined.

Table 1. Concentration of selected thiazolidinediogs and umbelliferone-thiazolidinedione hybrids catiag 50% inhibition of
monophenolase and diphenolase activity of mushrootyrosinase (1Gs)

Compounds/ Monophenolase Diphenolase

substituents IC50 (uM)*
Thiazolidinediones
la 6.21 £0.40 56.50 + 6.08

1b 98.99+ 8.95 175.24- 19.09
le 46.22 £5.91 45.97 +1.29

Umbelliferone-thiazolidinedione hybrids
2a 0.35+0.01 1.63+0.15
2b 0.17+0.01 0.25+0.01
2e 33.78 £+ 9.54 12.21 £0.90

Umbelliferone 71.88+ 6.13 402.4& 10.78

* |Cso values were determined from logarithmic concemratinhibition curves and are given as means + $Biplicate measurements.

Results showed that the most potent inhibitors o§lmoom tyrosinase are umbelliferone-thiazolidinadi hybrids
2aand2b bearing 4- or 3-hydroxyphenyl moiety at positiorefof thiazolidinedione ring, showing 4¢bf 0.17 and
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0.35uM for monophenolase, and 0.25 or 1488 for diphenolase activity, respectively (Table ).comparison
with their constitutive thiazolidinediondsa and 1b, umbelliferone-thiazolidinedione hybrzh showed 18 and 35-
fold increase in monophenolase and diphenolaséitohy activity, and even greater for hybi2th where 580 and
690-fold increase in inhibitory activity was obsedv This clearly indicates the importance of unifeztbne moiety
for achieving significant mushroom tyrosinase iitidim. From the tested thiazolidinedionga-f, only those one
bearing 3-hydroxyphenyl moietiL4) was found to significantly inhibits monophenolassivity (ICso = 6.21 + 0.40
UM; Table 1), what is similar to previous reportsmanophenolase activity inhibition by thiazolidinedes bearing
2,4-dihydroxyphenyl (16, = 3.55uM) and 3-hydroxy-4-methoxy (l§g = 9.87 uM) moiety [9, 10]. However, its
inhibitory activity toward L-DOPA oxidation was @ifl reduced (I = 56.50 + 6.08uM; Table 1). Reduced
diphenolase activity inhibition in comparison withonophenolase was recorded for the most testedasudes
(Table 1). Significant differences, up to 12.6-fdiettween |G, values for monophenolase and diphenolase activity
inhibition of mushroom tyrosinase was reported begtLal. [12] when chlorobenzaldehyde thiosemicadoes was
tested as inhibitors. The most probable reasomliserved differences in inhibition action of seéectompounds
against monophenolase and diphenolase activitydiffierences in catalytic cycle mechanism of monoyhelL-
tyrosine) and diphenol (L-DOPA) oxidation by musbmo tyrosinase [13, 14]. However, significant inkidm of
monophenolase steady-state activity without pradtiog of lag time, as already reported by Li e{B2], cannot be
excluded. Tyrosinase activity toward L-tyrosinena@nophenol substrate requires lag-phase for itsfioamation to
diphenol, a substrate to diphenolase [13, 15].

Umbelliferone differently inhibited monophenolasedadiphenolase activity. It's inhibiting effect atiphenolase
activity observed in our study (¥§¢= 402.40+ 10.78uM; Table 1) was similar to those (0.42 mM) reportad
Masamoto et al. [16], but there are no data reggrdimbelliferone inhibiting effect on monophenolasaivity
(ICs0 = 71.88+ 6.13uM; Table 1) reported in available literature, torgmare. Therefore, it seems that for the first
time here we report inhibitory activity of umbedliibne against monophenolase activity of mushroawsiyase
toward L-tyrosine, as substrate. When umbelliferé@g, values were compared with those of umbelliferone-
thiazolidinedione hybrid2a and2b, then at least 200-fold increase in monophenadask diphenolase inhibitory
activity could be observed for hybrid bearing 34oyd/phenyl moiety Za), and 400- and 1500-fold increase in
monophenolase and diphenolase inhibition by hybedring 4-hydroxyphenyl moiety2lf). This indicates that
attachment of various groups on position-4uaibelliferone ring might significantly increase iiitory activity.
Increase in umbelliferone inhibiting activity of shroom diphenolase by addition of various subgtitueat
position-3 has been reported by Ashraf et al. [4].

Literature survey for 1€, values of various coumarin derivatives inhibitimyishroom tyrosinase has shown that
umbelliferone-thiazolidinedione hybrids bearingo#-3-hydroxyphenyl moiety investigated in our resbabelongs
to the group of the most potent coumarin derivatiwehibiting tyrosinase. This includes 5,7-dihydyeB¢(3-
thiophenyl)coumarin with 165 value of 0.19uM [5], 8'-epicleomiscosin A, a natural coumarin idative isolated
from the aerial parts oRhododendron collettianunwith 1Cs, value of 1.33 uM [17], 2-(1-(coumarin-3-
yl)ethylidene)hydrazinecarbothioamide causing 5%diphenolase inhibition of mushroom tyrosinas8 &4 uM
concentration [3], and 2-oxo-2-[(2-ox0-2H-chromewtbxylethyl-2,4-dihydroxybenzoate with kg of 8.96 uM
[4]. Therefore, umbelliferone-thiazolidinedione higs bearing 4- or 3-hydroxyphenyl moiety has pt&rio be
used as tyrosinase inhibitors in medical, pharmazsuand/or agricultural and food fields. Howevéuarther
elaboration on their potential cytotoxic effect,vasll elucidation of inhibiting mechanism on botlmmophenolase
and diphenolase activity is of interest.

CONCLUSION

This study showed that some of synthesised devamtiexhibited significant inhibitory effect against
monophenolase and diphenolase activity of mushrdgrosinase. The two most active compounds were
umbelliferone-thiazolidinedione hybrids bearingo#-3-hydroxyphenyl moiety at position five of thidzlinedione
ring, showing I1G, of 0.17 and 0.35uM for monophenolase, and 0.25 or 1.8 for diphenolase activity,
respectively. The presence of umbelliferone moiegs found important for increase in inhibitory ait$i of
thiazolidinediones bearing 3-hydroxyphenyl and difoxyphenyl moiety, andice versa Therefore, it seems that
3-(7-hydroxy-2-oxo-B-chromen-4-ylmethyl)-5-arylidene-1,3-thiazolidingtliones modulates the inhibitory
action of both, umbelliferone and thiazolidinedisnehat may lead to their potential use in medighhrmaceutical
and/or agricultural and food fields dealing witihdginase inhibition.
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