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ABSTRACT: A mono- and a bi-functional dithiocarbamates as sodium salts were obtained  

by treating p-peridine or p-perazine in aceton-water mixture with CS2 in the presence of NaOH. 

These anionic water soluble compounds have been characterized by elemental analysis, IR and 1H 

NMR spectroscopic studies. Both compounds (p-peridine (I) and p-perazine-bis dithiocarbamate (II) 

sodium salts) were examined for inhibition of mushroom tyrosinase (MT) activity. The results 

showed that they inhibit MT competitively. KI values of two compounds at 27C are 2 and 4 M. 

Therefore, the compound (I) is more potent than (II). They chelate active site of tyrosinase  

via electrostatic interactions. These conclusions are proved by obtained thermodynamic parameters 

and fluorescence studies. Extrinsic fluorescence studies disprove any tertiary structure changes of 

MT. Major enthalpy changes in binding of compound (II) in comparison to (I) show that including 

two carbamate tails in such compounds disturb balancing of hydrophobic interactions with vicinity 

of active site of enzyme. 
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INTRODUCTION 

Tyrosinase is a copper-containing enzyme that catalyzes 

specially the first step in melanin biosynthesis [1-3].  

 

 

 

 

 

The enzyme catalyzes dioxygen reduction (oxidase activity) 

and activation for incorporation into organic substrates  
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(oxygenase activity) by two anti-ferromagnetically coupled 

coppers in its active site [4]. Each atom of the binuclear 

copper cluster is ligated to three histidines and makes 

enzyme able to bind to molecular oxygen [5]. Naturally, 

L-tyrosine and L-DOPA (L-3,4-dihydroxyphenylalanine) 

are substrates of oxygenase (monophenolase) and oxidase 

(diphenolase) activities, respectively [6-7]. Oxidation of 

phenolic compounds to the corresponding reactive 

quinones and a cascade of oxidative condensation cause 

further non-enzymatic polymerization and are responsible 

for melanin formations [8-10]. Melanins are 

heterogeneous biopolymers with a complex structure and 

color ranging from yellow to black [2]. Melanin pigments 

fulfill various physiological roles in different organisms 

such as Fruits, fungi [11], vegetables, invertebrates, and 

mammals. Browning of exposed to air, wounded tissue, 

browning occurring during post-harvest storage [12], 

fungi spore formations [8], wound healing, cuticular 

hardening (sclerotization), photo-protection of the skin, 

diseases of melanin disorders like oculocutaneous 

albinism and vitiligo [13] and so many other are wide 

range of melanogenesis importance [14-17].  

In the food and cosmetic industries and in the treatment 

of some skin disorders, the activity of tyrosinase and 

subsequent generation of melanins is undesirable [18]. So, 

inhibiting tyrosinase that catalysis the rate limiting of 

melanin formation involves the importance of attention [19]. 

Thus, prevention of browning of fruits and vegetables  

and production of skin-whitening agents leads researchers 

to study and design inhibitors of tyrosinase. Up to now  

a wide range of inhibitors from different sources are known 

and studied as inhibiting activities of tyrosinase. Plant 

polyphenols (flovonoids are one of the best-studied 

groups) and bioactive phytochemicals Aldehydes, fungal 

metabolites (kojic acid is a good example), derivatives 

and modified natural compounds (such as gallic acid 

alkyl esters) and finally a large number of synthetic 

compound have been reported to date [20-29]. Among 

numerous groups of tyrosinase inhibitors  

sulfur-containing compound are one well-studied groups 

due to chelating ability of thiols. Cysteine [30], 

thiosemicarbazide derivatives [31-32], n-aklyl xhanthates 

[33-34], n-alkyl dithiocarbamates [35], hydroxyl-

phenylthiourea [36], tetrathiotungstate [37], benzyl and p-

xylidine-bis dithiocarbamates are recent interesting 

inhibitors [38].  

In compounds of the type RRSSNa or RHNCSSNa, 

the –NCSS- represent the dithiocarbamate functional 

group and R represents non-dithiocarbamate parts. There 

is much interest in the potential activity of these 

compounds usage in agriculture and their effects  

on human health [39]. Other biological effects of these 

agents have been described in the literature such as 

Thyroid peroxidase inhibition; modification of redox 

regulation in the cell [40]; and metal transport in membranes [41]. 

In most of these cases, -NCSS- group react with metal 

atoms of metal containing enzymes and thus blocking 

their catalytic activity [42]. Moreover, metal 

dithiocarbamates have diversified application in the field 

of rubber chemistry, as vulcanization accelerators and 

antioxidants [43]. They have gained acceptance as 

fungicides, insecticides and rodent repellents [42].  

Thus we thought of interest to extend the study of 

such a particular dithiocarbamate as enzyme inhibitor. 

However, we still have little understanding of how  

the structure-activity relationships and inhibitory 

mechanisms affect the inhibitory activities when 

modifying dithiocarbamates by increasing the number of 

dithiocarbamate functional groups. In following our 

group‘s researches, in this paper we have selected  

two structurally related compounds bearing one and two 

dithiocarbamate functional groups. P-peridine is 

mono-functional compound (I) and p-perazine-bis is  

bi-functional one (II) (Fig. 1). They may exhibit many 

technical advantages, such as binding capacity and better 

settling performance with mushroom tyrosinase. Because, 

to enhance the binding ability, it is desirable to increase 

the number of dithiocarbamate functional groups  

in a molecule. Our study helped further clarify the 

relationship between modifiers and tyrosinase and 

understand effects on inhibitory activity introduced  

by dithiocarbamates by increasing the number of 

dithiocarbamate functional groups, which may provide  

a promising route to obtain novel and highly potent 

tyrosinase inhibitors. 

 

EXPERIMENTAL SECTION 

Mushroom tyrosinase (MT; EC 1.14.18.1; specific 

activity 5370 units/mg), L-3, 4- dihydroxyphenylalanine 

(L-DOPA) and 1-anilinonaphthalene-8-sulfonate (ANS) 

were purchased from Sigma. P-peridine, p-perazine, 

carbon disulfide and sodium hydroxide were bought 
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Fig. 1: Structure of the used p-peridine dithiocarbamate sodium 

salt (I) and p-perazine-bis (dithiocarbamate) sodium salt (II). 

 

from Merck (Germany). High purity solvents were used 

as received from Merck. Phosphate buffer (50 mM, pH 6.8) 

was used throughout kinetic measurements. All buffers 

were prepared with water purified by a Milli Q water 

purification system. 

Microchemical analysis of carbon, hydrogen, and 

nitrogen was done on CHN Rapid Herause. Melting 

points were measured on a Unimelt capillary melting 

point apparatus and are reported uncorrected. 
1H NMR spectra were recorded on a Brucker  

DRX-500 Avance spectrophotometer at 500MHz in DMSO-d6 

using sodium-3-trimethylpropionate as an internal reference. 
1HNMR data are expressed in part per million (ppm) and 

are reported as chemical shift position (δH), multiplicity 

(s=singlet, d=doublet, t=triplet, q=quartet, m=multiplet, 

sb=singlet broad) and assignment. Infrared spectra were 

obtained on a Nicolet 5-DXB FT-IR spectrophotometer  

in rang 4000-400 cm-1 in KBr pellets. 

 

Synthesis of p-peridine dithiocarbamate sodium salt 

NaSSCN<C5H10 (I) 

This compound was prepared by the method 

described by Marcheselli and Preti [44] with some 

modifications. 

5ml (50mmol) of p-peridine was dissolved in 40ml 

acetone and chilled. To this, a chilled solution of 2g 

(50mmol) sodium hydroxide in 10 mL water was mixed 

with constant stirring. The mixed solution was treated 

with an ice cold solution of 10mL (excess) carbon 

disulphide in 10ml acetone keeping the temperature of 

reaction mixture below 5°C. Stirring continued for  

one hour at 5°C and another four hours at room temperature. 

It was then filtered and the solvent evaporated under 

reduced pressure to complete dryness. Recrystallization 

was carried out by stirring the crude product in 40mL 

acetone and filtering the undissolved particles out. 35mL 

n-hexane was added to the filtrate and then left in  

a refrigerator overnight. The desired product was collected 

by filtration as microcrystalline and washed with a small 

amount of n-hexane and vacuum dried. Yield was 7.2g 

(79%). Analysis calculated for C6H10NS2Na (183): C, 

39.34; H, 5.46; N, 7.65%. Found: C, 39.35; H, 5.41; N, 

7.66%. Solid state IR spectroscopy of the above 

compound showed two characteristic bands at 1472 and 

967 cm-1 assigned to υ(N-CSS) and υ(SCS) modes 

respectively. 1H NMR (500MHz, DMSO-d6, ppm) 

1.56(m, a para -CH2-), 1.42(m, two meta -CH2-), 4.27(m, 

two ortho -CH2-). 

 

Synthesis of p-perazine-bis (dithiocarbamate) sodium 

salt NaSSC-N<C4H8>N-CSSNa (II) 

This compound was synthesized by following the 

method as described for (I) except that p-perazine (2.16g, 

25 mmol) was used instead of p-peridine. The yield was 

4.5g, 64% and analysis calculated for C6H8N2S4Na2 

(282): C, 25.53; H, 2.84; N, 9.93%. Found: C, 25.50; H, 

2.82; N, 9.91%. Solid state IR spectroscopy of the above 

compound showed two characteristic bands at 1462 and 

1000 cm-1 assigned to υ(N-CSS) and υ(SCS) modes 

respectively [38]. 1H NMR (500MHz, DMSO-d6, ppm): 

4.22 (s, C4H8). 

 

Tyrosinase kinetic assay 

The spectrophotometric assay for the diphenolase activity of 

tyrosinase was performed according to the method that was 

reported in the literature with slight modification [45]. 

L-DOPA is the substrate of MT that produces a very 

unstable o-quinone that evolves into a stable product 

(dopachrome) through a first-order reaction. A kinetic 

analysis showed that the experimentally measurable 

velocity of the diphenolase activity can be directly 

monitored by measuring the accumulation of stable 

product generated [46]. So, rates of dopachrome 

formation were measured at 475 nm (ε = 3700 M-1 cm-1) 

in the first two minutes by using a Cary 

spectrophotometer, 100 Biomodel, with jacketed cell 

holders. The reaction media is one milliliter in 50 mM 

phosphate buffer (pH 6.8). The final concentration  

of mushroom tyrosinase was 6.52 µg/mL (35U per assay) 

for the catecholase activity. The freshly prepared enzyme, 
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substrate, and dithiocabamates I and II were used in  

this work. The reaction was carried out under constant 

temperatures of 27 and 37°C. Substrate addition followed 

incubation of the enzyme with different concentrations of 

synthetic inhibitors. Catecholase activity was carried out 

using six different fixed concentrations of L-DOPA (0.15, 

0.22, 0.30, 0.40, 0.55 and 0.70 mM) in different fixed 

concentrations of the inhibitors: I (0, 0.9, 1.7 and 3.7 M 

at 27C – 0, 1.5, 2.5, 5.0 and 8.0 M at 37C) and  

II (0, 1, 2, 4 and 6 M at 27C – 0, 6, 12, 22 and 34 M 

at 37C). All experiments were done in triplicate assays. 

 

Intrinsic and extrinsic fluorescence studies 

The fluorescence intensities were recorded using  

a Hitachi spectrofluorimeter, MPF-4 model, equipped 

with a thermostatically controlled cuvette compartment. 

The intrinsic emission of protein was seen at the excitation 

wavelength of 280 nm. 0.17 mg/mL was the concentration 

of MT in per experiment. Emissions of MT were measured  

in different concentrations of inhibitors in the same ratio 

in kinetics experiments. After each addition of inhibitors, 

the sample volume and the enzyme concentration were 

kept constant by adding portions of the buffer solution. 

The extrinsic emission of ANS labeled protein (with 50-

concentration ratio) was monitored at the excitation 

wavelength of 385 nm. The experiments were repeated in 

the presence of different concentrations of inhibitors, too. 

Also, maximum extrinsic fluorescence intensity (530 nm) 

versus inhibitor concentrations was plotted. All graphs 

here were smoothing using Sigma Plot software [47].  

 

RESULTS AND DSCUSSION 

Inhibition types and binding constants of (I) and (II) 

Additions of both p-peridine (I) and p-perazine-bis (II) 

dithiocarbamate sodium salts in reaction mixtures of  

MT and L-DOPA at 27C have shown potent inhibitory 

effects of these compounds. In order to understanding  

of type of inhibitions, it has been described the dependence 

of reaction rates on different concentrations of inhibitors 

in several fixed substrate concentrations by Lineweaver-

Burk plots [48].  

Double reciprocal plots (1/V versus 1/[S], V is initial 

velocity and [S] is substrate concentration) in the 

presence of (I) and (II) are shown in Figs. 2 and 3 

respectively. Both figures dedicate the same manners:  

a series of straight lines that intersect each other  

in the axis of 1/V. It means that the velocity of the reaction  

in infinity concentration of substrate is independent  

of inhibitor (Vmax = constant). It can be concluded 

competitive inhibition for these two compounds. 

Afterwards, comparison of inhibition ‘s potencies is needed. 

Following Lineweaver-Burk equation of competitive inhibition 

can lead to determination of inhibition constant (KI): 

 
m

max max

K1 1 1

V V S V


                                                      (1) 

Vmax and K′m are maximum velocity and Michaelis-

Menten constant in the presence of an inhibitor, 

respectively. The slope of Equation (1) is a linear 

function of inhibitor concentrations as follows [48,49]: 

 m

max I

IK
Slope 1

V K

 
  

 
                                                  (2) 

As can be seen, the y-intercept of this secondary 

equation leads to KI value. Secondary plots for lineweaver-

Burk plots of (I) and (II) are shown in insects of Figs. 2 

and 3 which corresponds to KI values of 2 and 4 M, 

respectively at 27C (shown in Table 1). By comparing 

the KI values of different inhibitors it has been found out 

that these ligands are powerful inhibitors comparing to 

the previous inhibitors. It has been reported that arbutin is 

one of the tyrosinase inhibitors (KI=2.98 mM), which  

has been used widely in the cosmetic industry. As it is shown 

our ligands have the small Ki value. So we could 

synthesize ligand derivatives with smaller KI to inhibit 

the tyrosinase [50].  

A prerequisite for a deeper understanding of  

the molecular basis of binding of ligands to the enzyme and 

its interactions is a thorough characterization and 

quantification of the energetics governing complex 

formation [51]. An observed free energy ΔG can be the 

same for interaction with positive entropy ΔS and 

enthalpy ΔH (binding dominated by hydrophobic effect) 

and interaction with negative ΔS and ΔH (when specific 

interactions dominate). Moreover, interacting systems 

tend to compensate enthalpic and entropic contributions 

to ΔG, making binding free energy relative insensitive to 

changes in the molecular details of the interactions 

process [52]. Thus, consideration of ΔH and 
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Table 1: Inhibition constants and thermodynamic changes of P-peridine (I) and perazine-bis (II) dithiocarbamates bindings. 

Compound Temp. (°C) KI (µM) 
Ka 

(M-1) × 105 

ΔG° 

(kJ/mol) 

ΔH° 

(kJ/mol) 

TΔS° 

(kJ/mol) 

(I) 
27 2.0 5 -33 

-92 
-59 

37 6.6 1.52 -31 -61 

(II) 
27 4.0 2.5 -31 

-139 
-108 

37 24.1 0.41 -27 -112 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Inhibition of MT by (I): Lineweaver–Burk plot of 

reciprocal of initial velocities versus reciprocal of six fixed 

substrate concentrations in absence () and presence of 0.9 µM 

(Δ), 1.7 µM (■), 3.7 µM (□), of p-peridine (I) in temperature 

27C. Insect: secondary replots of the Lineweaver–Burk plot, 

slope versus various concentrations of (I). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Inhibition of MT by (II): Lineweaver–Burk plot of 

reciprocal of initial velocities versus reciprocal of six fixed 

substrate concentrations in the absence () and presence of  

1 µM (Δ), 2 µM (■), 4 µM (□) and 6 µM (*), of p-perazine-bis (II)  

in temperature 27C. Insect: secondary replots of the Lineweaver–

Burk plot, slope versus various concentrations of (II). 

 

ΔS are crucial for a detailed understanding of  

the free energy of binding. The association constant Ka (=1/KI)  

is related to the Gibbs free energy ΔG by the well-known 

relation:  

aAG RTln K                                                            (3) 

Where R is the universal gas constant and T is  

the temperature on the Kelvin scale. On the other hand, 

equilibrium constant Ka for a process is related to  

the standard enthalpy changes and absolute temperature. 

Familiar van’t Hoff equation describes this relation  

as follows: 

aln K H

1 R

T

 
 

 
 
 

                                                            (4) 

Where Ka is the association constant. Therefore, 

measuring KI and so on calculating Ka can be leaded  

the approaching for estimating ΔH. Also, ΔG is composed 

of an enthalpy term (ΔH) and an entropy term (ΔS), 

related by another fundamental equation:  

G H T S                                                             (5) 

In order to gain thermodynamic parameters inhibition 

experiments have been repeated at  37C. Double 

reciprocal Linweaver-Burk and secondary plots of 

dithiocarbamates (I) and (II) are shown in Figs. 4 and 5, 

respectively. Inhibition constant of compounds (I) and 

(II) are 6.6 and 24.1 µM at 37C, respectively. Also, 

thermodynamic parameters were calculated and 

summarized in Table 1.  

 

Intrinsic Fluorescence spectra 

Tryptophan fluorescence has been frequently 

examined as an intrinsic aromatic fluorophore in 

tyrosinase molecules to obtain information about the 

conformational changes. The interaction of compounds 

(I) and (II) with tyrosinase and the subsequent 
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Fig. 4: Inhibition of MT by (I): Lineweaver–Burk plot of 

reciprocal of initial velocities versus reciprocal of six fixed 

substrate concentrations in the absence () and presence of  

1.5 µM (Δ), 2.5 µM (■), 5 µM (□) and 8 µM (*), of p-peridine (I)  

in temperature 37C. Insect: secondary replots of the Lineweaver–

Burk plot, slope versus various concentrations of (I). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Inhibition of MT by (II): Lineweaver–Burk plot of 

reciprocal of initial velocities versus reciprocal of six fixed 

substrate concentrations in the absence () and presence of 6 µM 

(Δ), 12 µM (■), 22 µM (□) and 34 µM (*), of p-perazine-bis (II) 

 in temperature 37C. Insect: secondary replots of the Lineweaver–

Burk plot, slope versus various concentrations of (II). 

 

conformational alterations are evaluated by measuring the 

intensity of emission spectra of the tyrosinase with same 

ratio concentrations of compound (I) and (II), which 

exhibited the inhibitory activity. The tyrosinase has  

a strong fluorescence emission with a peak at 340 nm  

on excitation at 290 nm where 94% of light is absorbed 

by tryptophan residues. Emission intensities are recorded 

from a range of 295-400 nm. Figs. 6 and 7 showed that 

the addition of compounds (I) and (II) caused a dramatic 

change in the fluorescence emission spectra. In this study, 

the fluorescence intensities of the emission peaks 

decreased considerably with an increasing concentration 

of compounds (I) and (II). Although quenching casued 

the decline in the fluorescence intensity there is  

no significant peak shift with the accumulation of 

compounds (I) and (II) which indicated that the polarity 

environment of tryptophan was not altered. 

 

Extrinsic Fluorescence spectra 

In order to remove any doubt about alterations of 

tertiary structure of MT, emissions of ANS binding to 

MT in presence of different concentrations of inhibitors 

were carried out. If factors such as temperature, ligands 

and etc caused any tertiary structure changes, 

hydrophobic core of protein can be exposed to ANS 

molecules in solution and binding with them make ANS 

molecules fluorophore [53]. In the native form, surface of 

tyrosinase is predominantly hydrophilic [54]. Fig. 8 

shows the plotting of maximum extrinsic fluorescence 

intensity (530 nm) versus inhibitor concentrations.  

It can be seen that ANS emissions after inhibitor addition 

are not very different from before that. 

 

CONCLUSIONS 

This paper reported the effects of two novel 

dithiocarbamate inhibitors on the oxidation of L-DOPA 

by MT. The results showed that p-peridine 

dithiocarbamate sodium salt (I) and p-perazine-bis 

(dithiocarbamate) sodium salt (II) were both potent 

tyrosinase inhibitors. The two compounds due to 

negatively charged heads are able to chelate copper ions 

in the active site of MT. KI values indicated that the (I) 

structure can bind in comparison to (II) more tightly to 

active site. So compound (I) can inhibit oxidation of  

L-DOPA more strongly than (II). Competitive inhibition 

behaviors of two compounds confirm chelating of active 

site as inhibitor and substrate competing binding to 

enzyme. In recent publication we have pointed that  

bi-functional dithiocarbamates can inhibit tyrosinase more 

strongly than mono-functional one27. Nonetheless, in this 

paper it was showed that mono-functional one is more 

potent. It can be supposed that p-perazine-bis 

(dithiocarbamate) sodium salt due to short tails cannot be 

curved to chelate two Cu atoms in the active site.  

The raising of the temperature has brought about an increase 

in the KI value during the catecholase inhibition by both  
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Fig. 6: Emission spectra of tyrosinase showing the quenching 

effect of increasing the concentration of (I) in temperature 

27C. (Emissions are in absence of (I) and in presence of 

concentrations: 0.5, 1, 2, 3, 4, 5 and 6 µM). 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 7: Emission spectra of tyrosinase showing the quenching 

effect of increasing the concentration of (II) in temperature 

27C. (Emissions are in absence of (I) and in presence of 

concentrations: 0.5, 1, 2, 3, 4, 5 and 6 µM). 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 8: The ANS-binding fluorescence changes of tyrosinase  

in the absence and presence of different concentrations of (I) and (II). 

compounds (I) and (II) which is mostly enthalpy driven 

(ΔH < 0). Therefore, electrostatic interactions are predominant 

forces in the binding process. These interactions are more 

vulnerable in the compound (II). It has been showed that 

numerous MT inhibitors are compounds which one end is 

hydrophilic, and the other end is hydrophobic. This 

conformation will aid the hydrophilic end of inhibitor 

interact with the tyrosinase active center and the 

hydrophobic end of inhibitor interacts with the hydrophobic 

vicinity of the tyrosinase active center. Balance interactions 

of these two parts are very sensible in inhibition potent. 

In our investigation it seems that the second tail in 

 p-perazine-bis dithiocarbamate disturbs this balance.  

In addition, the intrinsic and extrinsic fluorescence of 

the MT is very sensitive to its micro environment [54]. 

Extrinsic fluorescence studies disprove any tertiary 

structure changes of MT. Nevertheless, it has monitored 

strong intrinsic fluorescence quenching. So it can be 

proved that compounds enter the active site. Additional 

research including toxicity is necessary to develop novel 

and highly potent tyrosinase inhibitors. 
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