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 Abstract: Aim and Objective: Melatonin is an essential biomarker for sleep-related disorders. 
Reliable methods of analysis are needed for melatonin. Therefore, a new chromophore (Rhodamine 
B) was proposed for the assay of melatonin; this method succeeded to enlarge the working 
concentration range and to decrease the limit of determination comparing with the method that just 
used the native fluorescence of melatonin. 

Materials and Methods: Rhodamine B was proposed as a new chromophore for the assay of 
melatonin in biological, food, and pharmaceutical samples. Fluorescence was used for the 
determination of melatonin. 

Results: The results obtained using Rhodamine B were compared with those obtained by the native 
fluorescence of melatonin. Using the new chromophore, melatonin was determined in the 
concentration range between 0.01 and 50 pmol L-1, with the detection limit of 2.4 fmol L-1. The 
recovery of melatonin was higher than 98.00% with a relative standard deviation of less than 
0.10%, when the method was applied for the assay of melatonin in samples such as breast milk, 
whole blood, milk powder, and pharmaceutical formulations.  

Conclusion: Utilization of Rhodamine B enlarged the linear concentration range for the assay of 
melatonin and decreased the detection limit, making possible the assay of melatonin in a variety of 
samples such as pharmaceuticals, food, and biological samples. 
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1. INTRODUCTION

 Melatonin, N-acetyl-5-methoxytryptamine (Fig. 1), is an 
essential biomarker for sleep-related disorders. The secretion 
of melatonin started at dark being inhibited by light [1, 2]. 
Melatonin – as a pharmaceutical product, is used to manage 
various forms of insomnia and sleep disorders [1]. Daytime 
melatonin levels in biological samples were associated with 
inflammatory markers and anxiety disorders [3, 4]. 
Therefore, its accurate assay in whole blood samples can be 
used for the diagnosis of sleep disorders. Infant milk 
formulas also contain melatonin in concentrations similar to 
the breast milk; methods for reliable assay of melatonin in 
both infant milk formulas and breast milk are needed. 
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Fig. (1). The chemical structure of melatonin. 

 
 Different analytical methods have been proposed to 
quantify melatonin [5]: in the clinical laboratories, the most 
used were immunological methods like enzyme-linked 
immunosorbent assay (ELISA) and radioimmunoassay (RIA) 
[6, 7]. Researchers also proposed high-performance liquid 
chromatography (HPLC), with different detectors, 
fluorescence detector (FL) exploiting the native fluorescence 
of the analytes [8], electrochemical detectors [9] and mass 
spectrometry (MS) [10] from biological samples [11-14] or 
from food and beverages [15, 16]. 
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 This paper proposed Rhodamine B as a new 
chromophore for the detection of melatonin in different 
samples: biological samples (breast milk and serum), food 
samples (infant milk formula), and in Melatonin tablets 
(containing 1mg melatonin/tablet). Rhodamine B was placed 
on the list of water pollutants; its concentration in 
wastewaters (in the case of its utilization as a chromophore) 
may not exceed the limits settled by the EU. To avoid its 
accumulation in wastewaters, a method of the clinic, the 
water using Co3O4/ZnO was proposed [17]. 

2. EXPERIMENTS 

2.1. Materials and Reagents 

 All reagents were of analytical grade and solutions were 
prepared using deionized water obtained from a Direct-Q 3 
Water Purification System (Millipore Corporation, France). 

 Melatonin, Rhodamine B, sodium phosphate monobasic 
dihydrate (NaH2PO4·2H2O), sodium phosphate dibasic 
dihydrate (Na2HPO4·2H2O), and ethanol were purchased 
from Sigma-Aldrich (Milwaukee, USA). Phosphate buffer 
solution (PBS, 0.2 mol/L) with pH = 7.45 was prepared 
using NaH2PO4 and Na2HPO4.  

 The stock solution of melatonin (1.00x10-2 mol L-1) was 
prepared in phosphate buffer (pH =7.45). The solution was 
kept in the refrigerator at 2-8ºC and was protected from light. 
Working solutions were prepared daily by serial dilution of 
the stock solution using a phosphate buffer solution at pH 
=7.45. 

2.2. Apparatus 

 The fluorescence measurements were performed with a 
spectrometer QE65000 from Ocean Optics (Dunedin, 
Florida) equipped with a xenon lamp (HPX 2000). The 
HPX-2000 Xenon Light Source is a high-power, high-
intensity source that is especially useful for fluorescence 
applications and for other applications where a high-intensity 
lamp is necessary. Results are acquired and processed using 
a Spectra Suite software program. All measurements were 
performed at 25°C; the humidity in the laboratory is 
controlled. 

 A Mettler Toledo pH-meter (model Seven Compact) was 
used for all pH measurements.  

2.3. Sample Preparation 

 Melatonin was determined from two biological fluids 
(serum and breast milk), a food product (infant milk 
formula), and a pharmaceutical product Melatonin 
containing 1mg melatonin/tablet).  

 Ten tablets containing melatonin were each dissolved in a 
solution containing distilled water and phosphate buffer (pH 
= 7.45) in a ratio of 1:1 (v/v); the concentration of melatonin 
was determined directly from these solutions.  

 Five samples of infant milk formula were also dissolved 
in a solution containing distilled water and phosphate buffer 
(pH = 7.45) in a ratio of 1:1 (v/v); the concentration of 
melatonin was determined directly from these solutions. 

 Three serum samples and one breast milk sample were 
analysed using the new fluorescent chromophore. Informed 
consent was obtained from the patients for the biological 
samples, accordingly with the approved Ethics Committee of 
the University of Medicine and Pharmacy ”Carol Davila” 
from Bucharest, documents nr 11/2013. 

3. RESULTS AND DISCUSSION 

 According to the preliminary experiments, the native 
fluorescence of melatonin showed a low intensity of the 
fluorescent signal. In order to increase the sensitivity of the 
fluorescence detection of melatonin, different chromophores 
(Malachite Green, the complex of Protoporphyrin IX with 
cobalt and Rhodamine B) were tested. No enhancement in 
the fluorescence signal was observed when Malachite Green 
and the complex of Protoporphyrin IX with cobalt were used 
as fluorescent probes, while by using Rhodamine B, the 
different fluorescence signal was obtained. 

3.1. Optimization of the Working Conditions 

 The concentration of Rhodamine B was optimized for the 
assay of melatonin. Therefore, solutions of different 
concentrations of Rhodamine B were prepared, and the 
intensity of the fluorescence signal was measured. Fig. (2) 
shows that the highest intensity of the fluorescence signal was 
obtained for a concentration of Rhodamine B of 1x10-5mol L-1. 
Accordingly, this was taken as the optimum value. 

 The influence of pH on the intensity of the fluorescence 
signal was tested using three pH values, a basic pH value 
(9.5), a neutral pH value (physiological pH 7.45), and an 
acidic pH value (5.00). Fig. (3) shows that the highest value 
of the fluorescence signal was obtained when the 
measurements were made at pH 7.45. At this pH, the 
fluorophore group of the Rhodamine B was most active. 
Accordingly, this was taken as the optimum pH value. 

 The excitation and emission wavelengths were 
determined by recording a UV-excitation spectrum of a 
melatonin solution 1.00x10-4 mol L-1 in PBS pH=7.45 into 
the fluorescence detector. At the wavelength at which 
maximal absorption was observed (λex=285 nm), an emission 
spectrum was assessed. The emission and excitation 
wavelength at which maximal emission (λem=457 nm) was 
observed, were used for detection. For a solution of 
melatonin (1.00x10-4 mol L-1

 in PBS pH= 7.45), the 
maximum excitation wavelength was 285 nm, and the 
maximum emission wavelength was 457 nm. 

 The complex binding formation between Rhodamine B 
and melatonin was confirmed by the quencher effect of 
melatonin toward chromophore intensity. The fluorescence 
intensity of Rhodamine B is decreasing linearly with a higher 
melatonin concentration. In order to evaluate a binding 
parameter between Rhodamine B and melatonin, the association 
constant was determined. By plotting Fo/F versus melatonin 
concentration, a negative linear dependency has occurred, 
which is correlated with a dynamic quenching process.    

 The apparent association constant (K) (M-1) was 
determinate using equation (1) [18]: 

���
��

�
� � � ���� � � ��� �            (1) 
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Fig. (2). The influence of the concentration of Rhodamine B on the intensity of fluorescence signal (Cmelatonin= 1.00x10−3 mol L-1). (A higher 
resolution/colour version of this figure is available in the electronic copy of the article). 

 

Fig. (3). The influence of pH on the intensity of fluorescence signal (Cmelatonin= 1.00x10−3 mol L-1). (A higher resolution/colour version of this 
figure is available in the electronic copy of the article).  

 Where, Fo and F are the relative fluorescent intensity in 
the absence and in the presence of melatonin (counts), n is 
the number of binding sites and Q is the quencher 
concentration (mol L-1), in this case of melatonin.  The K 
value was expressed as the intercept equation by plotting log 
[(F0-F)-1] versus log [Q], and the value was equal to 40.04 
M-1. Such a low value might be attributed to the low 
concentration of melatonin used in the study (0.01-50 pmol 
L-1), concluding with a moderate affinity of Rhodamine B in 
association with melatonin [19].  

 The quantum yield in a fluorescence quenching process 
decreases according to the physical interaction between the 
fluorophore (Rhodamine B) and the quencher (melatonin) 
[20]. In fluorescence, during the process, two types of 
interaction are established, such as hydrophobic and 
electrostatic, and the possible mechanism is based on the 
electron transfer from the donor (Rhodamine B) to the 
acceptor (melatonin).

3.2. Linearity, and Sensitivity Obtained for the 

Fluorescent Assay of Melatonin 

 All measurements done to calculate the parameters of the 
method were performed using the optimum conditions: pH 
7.45, with a solution of Rhodamine B having a concentration 
of 1x 10-5 mol L-1. The results obtained for the native 
fluorescence of melatonin were compared with the results 
obtained when rhodamine B was used as a fluorescent probe. 
The linear regression method was used for the determination 
of the equations of calibration and limits of detection. 

 For the native fluorescence of melatonin, the analytical 
parameters obtained were: the linear concentration range was 
between 0.05 and 10 pmol L-1 melatonin (Fig. 4). The linear 
regression equation was I=2695.3+35.58 x C, where I is the 
fluorescence intensity and C is the melatonin concentration 
(pmol L-1), with an r of 0.9989. The limit of quantification 
(LOQ – was the lowest concentration from the linear 
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Fig. (4). Fluorescence spectra of different concentration of melatonine recorded for (1) native fluorescence of melatonin; (2) using 
Rhodamine B as chromophore showing (a) - overlaps with baseline; and (b) - enlargements. (A higher resolution/colour version of this figure 
is available in the electronic copy of the article).  
concentration range) was found to be 0.05 pmol L-1, while 
the limit of detection was 4.3 fmol L-1.

 When Rhodamine B was used as a chromophore, the 
analytical parameters changed to: - the linear concentration 
range was between 0.01 and 50 pmol L-1 – larger than the one 
obtained for the native fluorescence (Fig. 4). The linear 
regression equation was I=8326.8-5.61 x C, where I is the 
fluorescence intensity and C is the melatonin concentration 
(pmol L-1) with an r of 0.9999. The limit of quantification was 
found to be 0.01 pmol L-1, while the limit of detection was 2.4 
fmol L-1. The limit of quantification and the limit of detection 
were lower than those recorded for the native fluorescence. 

 Accordingly, by using the Rhodamine B as a 
chromophore, an improvement on the linear concentration 
range was observed – the new linear concentration range 

being larger, and therefore being able to accommodate easier 
smaller and bigger concentrations of melatonin; the limit of 
quantification decreased – making a possible determination 
of melatonin also in baby’s serum. 

 To our knowledge, the most recent method proposed for 
the determination of melatonin was based on stochastic 
sensors [21]. Although the linear concentration range is 
wider than that obtained in the proposed method (using 
fluorescence and Rhodamine B), and its limits of 
quantification are higher for the fluorescence method, the 
main advantages of the fluorescence method proposed in this 
article were: the instrument used for fluorescence is portable, 
being able to be also used in hospitals; the fluorescence 
method is cheaper, needing only Rhodamine B for the 
determination of melatonin; and the fluorescence method can 
be automated. 
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Fig. (5). Fluorescence spectrum of melatonin – pharmaceutical products using: (1) native fluorescence, and (2) Rhodamine B as chromophore. 

 

3.3. Analytical Applications  

 The samples used for the assay of melatonin were: infant 
milk formula, Melatonin tablets (1mg melatonin/tablet), two 
biological fluids (serum and breast milk). For the recovery 
tests, the method using the native fluorescence of melatonin 
was compared with the method using the enhanced 
fluorescence signal due to the utilization of Rhodamine B as 
a chromophore.  

 The results obtained for the assay of melatonine using 
both fluorescent methods in infant milk formula (Fig. 6) and 
in Melatonin tablets (Fig. 5), are shown in Table 1. As it can 

be seen from the table, the recoveries were higher than 
98.40%, with very low RSD (%) values, enhanced recoveries 
values being observed when Rhodamine B was used as a 
chromophore for the assay of melatonine in infant milk 
formula and in the Melatonin tablets. Table 2 shows the 
results obtained for serum samples (Fig. 6) and the breast 
milk sample (Fig. 6). As can be seen, a very good correlation 
was obtained between the concentrations of melatonin 
obtained using the native fluorescence of melatonin, and the 
enhanced fluorescence of melatonin obtained using 
Rhodamin B as a chromophore. 
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Fig. (6). Contd... 
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Fig. (6). Contd... 
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Fig. (6). Fluorescence spectrum for (a) infant milk formula using: (a1) native fluorescence, and (a2)  Rhodamine B as chromophore; (b) 
serum sample using: (b1) native fluorescence, and (b2)  Rhodamine B as chromophore; (c) breast milk sample using: (c1) native fluorescence, 
and (c2)  Rhodamine B as chromophore. 
 

Table 1. Recovery tests of melatonin in the infant milk formula and Melatonin tablets (1mg melatonin/tablet). 

Sample Method %, Melatonin Recovery

Infant milk formula 
Native fluorescence 98.43±0.12 

Utilization of Rhodamine B as fluorescent probe 99.05±0.07 

Melatonin tablets  

(1mg melatonin/tablet)             

Native fluorescence 99.14±0.07 

Utilization of Rhodamine B as fluorescent probe 99.73±0.03 

N=5. 
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Table 2. Determination of melatonin in serum samples and breast milk samples. 

Sample Method 
Melatonin, 

pmol L-1 

Breast milk 
Native fluorescence 45.30±0.07 

Utilization of Rhodamine B as fluorescent probe 44.82±0.04 

Serum sample 1             
Native fluorescence 28.93±0.09 

Utilization of Rhodamine B as fluorescent probe 29.15±0.05 

Serum sample 2 
Native fluorescence 29.00±0.07 

Utilization of Rhodamine B as fluorescent probe 29.29±0.03 

Serum sample 3 
Native fluorescence 29.08±0.08 

Utilization of Rhodamine B as fluorescent probe 29.76±0.05 

N =10. 

 

 One should conclude that by utilization of Rhodamine B 
as a chromophore for the assay of melatonin, higher 
sensitivities and lower limits of determination were obtained. 
In addition, the recovery tests proved improved results for 
the determination of melatonin in different types of samples, 
e.g., serum samples, breast milk samples, infant milk 
formula samples, and pharmaceutical formulation of 
melatonin. Furthermore, the instrumentation used is portable 
and accordingly can be used for point-of-care diagnosis. The 
analysis itself is cheap compare with the 3D fluorescence 
technique, which is a method suitable for recognition, 
classification or detection processes. 

CONCLUSION 

 Rhodamine B was proposed as a new chromophore for 
the assay of melatonin in different samples, such as 
biological samples (serum and breast milk), food samples 
(infant milk formula), and Melatonin tablets (1mg 
melatonin/tablet). Its utilization as a chromophore for 
melatonin assay enlarged the linear concentration range and 
decreased the limit of determination of melatonin. The 
results obtained for the recovery tests, as well as for the 
determination of melatonin in biological samples, proved 
that there was a significant increase in the accuracy of the 
fluorescence method when Rhodamine B was used as a 
chromophore. 
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