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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]. 

1875-5402/20 $65.00+.00 © 2020 Bentham Science Publishers 







New Chromophore for the Determination of Melatonin Combinatorial Chemistry & High Throughput Screening, 2020, Vol. 23, No. 10    1083 

 

 
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. 




