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ABSTRACT 
The luminescence arising from lanthanide cations offers several advantages over organic 

fluorescent molecules sharp, distinctive emission bands allow for easy resolution between 

multiple lanthanide signals; long emission lifetimes (μs–ms) make them excellent candidates 

for time resolved measurements and high resistance to photo bleaching allow for long or 

repeated experiments.  A developed method is presented for determination of nucleobase, 

nucleosides and nucleotides using the effect of quenching of fluorescence of the easily 

accessible terbium (III) - 8-allyl-2-oxo-2H-chromene-3-carbaldehyde (AOCC) complex in 1:2 

metals: ligand ratio. The interaction of terbium (III) - 8-allyl-2-oxo-2H-chromene-3-

carbaldehyde (AOCC) complex with nucleosides (NS) (cytidine, inosine), nucleobase (NB) 

(adenine), nucleotides (NT) (5′-GMP), (5′-IMP), (5′- ATP), (5′-CMP) and (5′-ADP) has been 

studied using normal luminescence techniques. The linear ranges for determination of the 

selected biomolecules are 1.6–36.6 µ mol.dm
-3

, and with limit of detection were in the range of 

0.906- 8.28µ mol.dm
-3

. 

Keywords: Fluorescence, Nucleotides, Nucleobases, Nucleosides, Lanthanide complexes, time-

resolved. 
 

 

INTRODUCTION 

 

Terbium and Europium complexes emitting green and 

red luminescence, respectively, have attracted more 

attention, due to this RE(III) ions have unique 

luminescence properties such as hypersensitivity to the 

coordination environment, long luminescence lifetime 

millisecond range ,and narrow band width. (Azab, et al., 

2015(a); Azab, et al., 2015(b))  Unlike d-transition 

metal ion complexes for which the electronic excited 

states are strongly coupled to the environment via the 

ligand field providing an efficient de excitation 

mechanism, in the case of lanthanide complexes the 

coupling between f-excited electronic states and the 

environment is very small. The absorption coefficients 

of lanthanide ions, however, are very small. In an effort 

to obtain high-efficient luminescence, an organic ligand 

has been introduced as a sensitizer to complexes of 

these metals (antenna effect). 

  (Lis et al., 2002) During last year's Chemistry of 

coordination compounds with biologically active 

biomolecule has received much attention. Coumarin and 

its derivatives are important compounds due to their 

presence in naturally occurring products and their wide 

range applications in agrochemicals, drugs and 

pharmaceuticals. ( Cacic, et al., 2006; Egan  et al,.1990; 

Hoult and Paya 1996; Karalı et al., 2002; Nawrot et al., 

2006)  such as anticancer, (Devji  et al., 2011;  Reddy et 

al., 2011) anti-HIV, ( Hai et al., 2010)  anti-tuberculosis 

(Manvar et al., 2011) anti-influenza,(Jiann-Yih  et al.,  

 

2010) anti-Alzheimer, (Anand and Singh 2012; Piazzi et 

al., 2008) anti-inflammatory, (Lin  et al.,  2006), anti-

viral, (Gonzalesb and Rodriguezb 2003) and 

antimicrobial agents. Shi  and Zhou 2011 state that the 

binding of a metal to the coumarin moiety retains or 

even enhances its biological activity. (Karaliota et al. 

2001; Kostova  et al., 2001)  Regarding their high 

fluorescence ability, they are widely used as fluorescent 

probes in biology and medicine. (Haugland 2002; Geen 

et al.,  1996) Studies of the interaction between Rare 

earth metal complexes and DNA have been a spot of 

interest in bio inorganic chemistry, mostly since the 

discovery of cisplatin and their analogue compound. 

 These studies have been useful for the development 

and the comprehension of the activity of new 

chemotherapeutic agents designed for the treatment of 

numerous diseases. (Facchin et al., 2009; Min et al., 

2011; Navarro et al., 2003) Uric acid is the end product 

of purine metabolism and the increase of serum uric 

acid level causes gout and hyperuricemia (Benedict et 

al., 1949; Berger et al., 1962). Patients with gout tend to 

consume high amounts of giblets or meat that contain 

high levels of purine (Harris et al., 1999; Gibson et al., 

1983).  

Although there have been many reports investigating 

the effects of food on purine metabolism and serum uric 

acid levels  (Faller and Irving 1982; Fumeron et al., 

1991;  Gibson et al., 1983; Guohua et al., 1989; Waslien 

et al., 1968), few reports (Yamaoka et al., 2010)  have 

examined the amounts of individual purine nucleosides, 
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nucleotides, bases and nucleic acids in food. Because 

purine nucleotides, nucleosides and bases exert different 

effects on serum uric acid levels (Clifford et al., 1976)  

it is important to examine the levels of individual 

nucleosides, nucleotides, and bases in various foods in 

order to investigate the effects of purine rich foods on 

the elevation of serum uric acid levels. Several methods 

have been reported for the determination of nucleoside 

and nucleotide concentrations in cells (Qian  and Yung  

2004; Kalász et al., 2010) , biological samples 

(Krstulović 1982; Klawitter et al., 2007) or milk (Gill 

and Indyk 2007) such as; high performance liquid 

chromatography (HPLC) (Krstulović 1982), liquid 

chromatography–mass spectrometry (LC–MS) (Cordell 

et al., 2008; Qian and Yung  2004;  Zongwei  and Yung 

2002;  Klawitter  et al., 2007) and LC/MS/MS  

( Ansermot et al., 2009; Vela et al., 2007; Kalász et al., 

2010) used for such measurements. 

 Due to these draw back  a new probe of lanthanide 

complex for detection some of nucleobase, nucleosides 

and nucleotides developed. So the present work, study 

the interaction of terbium (III)–8-allyl-2-oxo-2H-

chromene-3-carbaldehyde (AOCC) complex with some 

of nucleobase, nucleosides and nucleotides using 

absorption and luminescence spectroscopy. 

 

MATERIALS AND METHODS 

 

Chemicals 

All materials used in the present investigation were of 

analytical reagent grade. The materials were purchased 

from Sigma. They are as follows:TbCl3˖6H2O, adenine, 

inosine, cytidine, guanosine 5′monophosphate disodium 

salt hydrate (5′-GMP), inosine 5′- monophosphate 

disodium salt hydrate (5′-IMP), adenosine 5′-

triphosphate disodium salt hydrate (5′-ATP), and 

cytidine 5′-monophosphate disodium salt (5′-CMP) 

adenosine 5′-diphosphate monosodium salt dehydrate, 

uric acid, ascorbic acid, urea, glucose . 8-allyl-2-oxo-

2H-chromene-3-carbaldehyde (AOCC) was from 

Merck. All solvents used are of analytical grade quality. 

 

Stock solutions 

The terbium stock solution was prepared by 

dissolving 37.3 mg of TbCl3˖6H2O in 100 ml of aqua 

media (Hepes, Mops, Mopso, Tapso, or Tris) to give a 

final concentration of 1.00 x 10
-3

 mol.dm
-3

. The 

concentration of the stock Tb (III) solution has been 

checked by titration with EDTA titration using xylenol 

orange as indicator. A stock solution of 8-allyl-2-oxo-

2H-chromene-3-carbaldehyde was prepared by 

dissolving 21.42 mg of solid ligand in 100 ml of ethanol 

to give a final concentration of 1.00 x 10
-3

 mol.dm
-3

. 

The stock solutions of adenine, cytidine and inosine 

were prepared by dissolving 13.51, 24.3 and 26.8 mg, 

respectively in 100 ml deionized water to give a final 

concentration of 1.00 x 10
-3

 mol/L. For (5′-GMP), (5′-

IMP), (5′-ATP), (5′-CMP) and (5′-ADP) were prepared 

by dissolving 40, 39, 55, 36.7 and 48.5 mg, respectively 

in 100 ml deionized water to give a final concentration 

of 1.00 x 10
-3

 mol.dm
-3

. 

 

Methods 

A 10 ml solution containing appropriate 

concentration of 1.00 x 10
-5

 mol.dm
-3

TbCl3.6H2O and 

2.00 x 10
-5

 mol.dm
-3

 AOCC was added to 1.00 x 10
-3

 

mol.dm
-3

 nucleobase, nucleosides or nucleotides 

solutions and mixed using a magnetic stirrer for about 

ten minutes.  

The fluorescent intensity of the solution was recorded 

at excitation wavelength of 350 nm by using A JASCO-

FP6300 spectrofluorometer and kept at 25±1 °C for 10 

min. Luminescence intensity was measured in a 1 cm 

quartz cell at an excitation wavelength of 350 nm and an 

emission wavelength of 545 nm. 

 

Instrument 
Emission and spectral measurements of the 

interaction of the Tb (III)-AOCC with nucleotides, 

nucleosides, and nucleobase were carried out using a 

JASCO-FP6300 spectrofluorometer with 1 cm quartz 

cell. pH measurements were carried out on (pH-220L) 

pH-meter. 

 

RESULTS 

 

Steady-state luminescence spectroscopy 

The excitation spectra and emission spectra of Tb (III) 

complex in aqua media at room temperature are 

measured. According to the spectra of complex that are 

reported in figure (1), it is clearly observed that the 

complex has excellent luminescent property. In the 

spectra of Tb(III) complex, the wide excitation band, 

from about 300~400 nm, and the strong emission 

intensities indicate that the ligand is a good organic 

ligand to absorb energy and transfer them to Tb(III) ion, 

emitting the characteristic fluorescence of Tb(III) ion, 

where, the emission spectra show four emission peaks 

under the excitation of 350 nm: 480 nm(
5
D4–

7
F6), 545 

nm (
5
D4–

7
F5), 590 nm(

5
D4–

7
F4), 625 nm(

5
D4–

7
F3), 

attributed to be the characteristic emission for the 
5
D4 

7
FJ transition (J=6–3) of the Tb(III) ion. Among the 

5
D4–

7
F5 transition exhibits the strongest green emission, 

and 
5
D4–

7
F6 transition shows the second strongest 

emission. The complex shows a good antenna effect for 

Tb(III) luminescence, it means the triplet energy level 

of the ligand matched as well with the 4f (
5
D4) excited 

state energy level of Tb (III).  

 

Effect of pH  

The luminescence intensity of Tb (III) -AOCC 

complex is strongly dependent on pH. AOCC is β-

diketones with aromatic substituent exhibits keto-enol 

tautomerism. 
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Figure (1): Excitation and emission spectra of Tb (III) 

(AOCC)2 probe in hepes buffer at pH=7.2 at room 

temperature. 

 

The effect of pH value on the fluorescence intensity 

of complexes is shown in figure (2 a and b). The 

fluorescence intensity is stronger at pH=7 than that in 

acidic and alkaline aqueous solutions. Obviously, in the 

acidic aqueous solution the organic ligand AOCC is 

found in its protonated form, Protonated AOCC ligand; 

while in the alkaline aqueous solution, the lanthanide 

ions can coordinate with hydroxyl, which produces 

precipitation as pH value increases gradually. So they 

deactivate the process of intra-molecular energy transfer 

which results in weak fluorescence of Tb (III)–AOCC 

complex in acidic and alkaline medium (Shakhverdov 

and Érgashev 1989). 

The above two items weaken the chelate ability of the 

ligands, therefore, the low concentration of the solution 

results in the decrease of fluorescence intensity of 

luminescent complexes finally (Yin et al., 2000). This is 

also in accordance with the fact that the ligand will 

coordinate with Tb (III) more efficiently in its enolic 

form. Therefore the pH value around 7 was chosen for 

the further investigations. This value is often referred to 

as physiological pH in biology and medicine. 

 

Stern–Volmer quenching constant 

The calibration plots of the analytes (nucleotides, 

nucleoside, or nucleobases) assay with Tb-(AOCC)2 

probe were obtained in different buffers at pH 7 ~ 7.2. 

The fluorescence measurements of the Tb-(AOCC)2 

probe with the analytes (nucleotides, nucleoside, or 

nucleobases) showing quenching of the characteristic 

peak for Tb(III) at λem = 545 nm at different 

concentrations as shown in figure.(3). The linear range 

of the plot is described by the Stern–Volmer relation  

 

F0/F=1+Ksv [Analyte] (1). 

By using concentration range of nucleotides, 

nucleoside ,or nucleobases from 1.66×10
−6

 to 3.48×10
−5

 

mol.dm
-3

 Where F0 and F are the fluorescence 

intensities of Tb-(AOCC)2 probe in the absence and  

presence of analytes, respectively. Ksv is Stern–Volmer 

constant. As the sensitivity of the method is related to 

the slope, from table (1), it was observed that the larger 

slope for, adenine, and 5′-GMP is in hepes, for 5′-IMP 

is in tris. For cytidine, 5′-ATP and 5′-CMP is in mops. 

For inosine is in tapso. And finally for 5′ADP is in 

mopso, while tris have larger linear range for 5′-ATP 

and 5′ADP. Correlation coefficients (r
2
), linear ranges, 

limits of detection (LODs) and, limits of quantification 

(LOQs) have been determined and collected in table (1). 

 

Figure (2): a; effect of pH value on  Fluorescence intensity  

of 1x10-5 mol.dm-3  Tb(III) + 2x10-5 mol.dm-3 AOCC in 

aqueous solution at ex=350nm, b; [Tb]/[ AOCC] pH plot at 

λem = 545 nm and λex = 350 nm 

 

CONCLUSION 

 

The study of  Tb (III)-(AOCC)2 binary complex with 

the biomolecules is extended to be measured in aqueous 

medium in the presence of zwitter ionic buffers(PIPES, 

HEPES, MOPS, MOPSO) and tris buffer, keeping the 

pH of the studied solutions to be in the physiological pH 

range (pH≈7.2-7.6) the data reveal that , HEPES is the 

suitable for adenine, and 5'-GMP, Tris-buffer for 5'-

IMP, MOPS for cytdine, 5'-ATP, 5'- CMP, MOPSO for 

5'-ADP.
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Figure (3): calibration curve of Tb (III)-(AOCC)2 probe with  nucleotides ,nucleobases, or N-acetyl amino acids in different buffer
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Table1: Linear range, regression equation, correlation coefficients, RSDs and LODs for determination of some 

N-acetylamino acids, nucleobases and nucleotides in fluorescence with containing 5 µmol.dm-3 of Tb(III)-

(AOCC)2 probe different buffer. 

 

Linear Range 

(µmol.dm-3) 

LOQ 

(µmol.dm-3) 

LOD 

(µmol.dm-3) 

RSD 

(%,n=5) 
r2 Regression equation 

Buffer 

 

 

3.02- 33.2 

6.693 2.007 0.004 0.982 F0/F=1.01+ 7.08 [Q] mmol.dm-3 HEPES 

3.020 0.906 0.002 0.996 F0/F=0.95+ 7.01 [Q] mmol.dm-3 MOPS 

8.366 2.509 0.004 0.973 F0/F=0.88+ 5.66 [Q] mmol.dm-3 MOPSO 

9.316 2.795 0.006 0.967 F0/F=0.92+ 7.00 [Q] mmol.dm-3 PIPES 

10.76 3.2303 0.005 0.956 F0/F=0.93+ 4.72 [Q] mmol.dm-3 TAPSO 

4.824 1.447 0.001 0.991 F0/F=1.01+ 3.97 [Q] mmol.dm-3 TRIS 

4.00- 36.5 

4.804 1.441 0.004 0.988 F0/F=1.00+ 8.94 [Q] mmol.dm-3 HEPES 

4.008 1.202 0.009 0.992 F0/F=0.96 +24.5 [Q] mmol.dm-3 MOPS 

6.752 2.025 0.004 0.978 F0/F=0.96+ 7.09 [Q] mmol.dm-3 MOPSO 

3.451 1.035 0.005 0.993 F0/F=0.98+ 15.4 [Q] mmol.dm-3 PIPES 

14.01 4.205 0.006 0.912 F0/F=0.94+ 4.35 [Q] mmol.dm-3 TAPSO 

7.031 2.109 0.01 0.976 F0/F=1.03+15.58[Q] mmol.dm-3 TRIS 

5.8- 34.8 

13.14 3.943 0.005 0.938 F0/F=0.88+ 4.01 [Q] mmol.dm-3 HEPES 

24.63 7.389 0.003 0.820 F0/F=0.92+ 1.54 [Q] mmol.dm-3 MOPS 

5.938 1.781 0.002 0.986 F0/F=0.91+ 3.92 [Q] mmol.dm-3 MOPSO 

10.75 3.225 0.004 0.958 F0/F=0.95+ 4.39 [Q] mmol.dm-3 PIPES 

5.566 1.669 0.0048 0.988 F0/F=0.96+ 8.62 [Q] mmol.dm-3 TAPSO 

27.61 8.284 0.0071 0.774 F0/F=0.96+ 2.57[Q] mmol.dm-3 TRIS 

3.2- 34.8 

6.391 1.917 0.5833 0.979 F0/F=0.58+165.7 [Q] mmol.dm-3 HEPES 

9.000 2.700 0.1059 0.960 F0/F=0.62+ 88.6[Q] mmol.dm-3 MOPS 

4.909 1.472 0.0798 0.987 F0/F=1.06+ 59.0 [Q] mmol.dm-3 MOPSO 

8.709 2.612 0.0289 0.961 F0/F=0.71+ 1.37 [Q] mmol.dm-3 PIPES 

3.251 0.9754 0.0777 0.994 F0/F=0.93+ 59.4 [Q] mmol.dm-3 TAPSO 

6.224 1.867 0.0193 0.980 F0/F=1.06+51.7 [Q] mmol.dm-3 TRIS 

11-18.3 21.98 6.595 0.0322 0.920 F0/F=-8.8+ 925[Q] mmol.dm-3 HEPES 

8.3-18.3 14.61 4.384 2.5361 0.963 F0/F=-16.9+ 1735 [Q] mmol.dm-3 MOPS 

8.3-18.3 14.81 4.443 1.0021 0.933 F0/F=-4.36+ 676 [Q] mmol.dm-3 MOPSO 

8.3-18.3 13.64 4.094 1.5274 0.943 F0/F=-8.25+ 1119 [Q] mmol.dm-3 PIPES 

8.3-18.3 13.15 3.947 1.2190 0.947 F0/F=-6.32+926.4 [Q] mmol.dm-3 TAPSO 

1.6-9.96 4.76 1.429 0.0426 0.963 F0/F=0.96+ 89.44 [Q] mmol.dm-3 TRIS 

1.6 -36.6 

7.37 2.212 0.0138 0.979 F0/F=0.94+ 18.79 [Q] mmol.dm-3 HEPES 

5.68 1.704 0.0207 0.981 F0/F=0.84 +36.59 [Q] mmol.dm-3 MOPS 

6.50 1.952 0.0171 0.991 F0/F=0.86+ 26.3 [Q] mmol.dm-3 MOPSO 

6.314 1.894 0.0203 0.987 F0/F=0.83+ 32.1 [Q] mmol.dm-3 PIPES 

4.110 1.233 0.0072 0.974 F0/F=0.94+ 17.63 [Q] mmol.dm-3 TAPSO 

5.011 1.503 0.0121 0.984 F0/F=0.92+24.30[Q] mmol.dm-3 TRIS 

1.6 -32.2 

4.242 1.272 0.0162 0.990 F0/F=0.97+ 38.3 [Q] mmol.dm-3 HEPES 

10.34 3.102 0.0520 0.946 F0/F=0.82+ 50.3 [Q] mmol.dm-3 MOPS 

8.052 2.415 0.0396 0.966 F0/F=0.79+49.25  [Q] mmol.dm-3 MOPSO 

6.673 2.001 0.0226 0.976 F0/F=0.90+ 33.8 [Q] mmol.dm-3 PIPES 

3.232 0.969 0.0131 0.994 F0/F=0.93+ 40.7 [Q] mmol.dm-3 TAPSO 

5.461 1.638 0.0507 0.984 F0/F=0.76+ 92.8 [Q] mmol.dm-3 TRIS 

6.64 -28.2 10.06 3.018 0.3929 0.966 F0/F=-0.56+390.5[Q] mmol.dm-3 HEPES 

4.98 -28.2 9.725 2.917 0.2802 0.979 F0/F=0.29+ 288.4 [Q] mmol.dm-3 MOPS 

6.64 -19.6 9.144 2.743 0.7818 0.970 F0/F=-4.90+ 854.9 [Q] mmol.dm-3 MOPSO 

6.64  -26.6 7.412 2.223 0.3531 0.991 F0/F=-1.89+ 476.4 [Q] mmol.dm-3 PIPES 

6.64  -26.6 8.853 2.655 0.5242 0.963 F0/F=-3.39+ 592.1 [Q] mmol.dm-3 TAPSO 

6.64  -32.2 5.356 1.607 0.2502 0.960 F0/F=-1.69+ 467.0 [Q] mmol.dm-3 TRIS 
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 الملخص العربي
 

 

يثم اٌ الاَجعبثبد حبدح، و الاَجعبثبد يًيسح رسًح  انىييط انُبشئ عٍ كبريىَبد انلاَثبَيذاد يقذو انعذيذ يٍ انًسايب يٍ خلال جسيئبد انفهىرسُذ انعضىيخ

بَيذاد انًزعذدح؛ عًر الاَجعبثبد طىيهخ )ييكرو ثبَيخ يههي(  ادي اني جعههب انًرشحخ ثأيزيبز نقيبش فزرح الاَحلال : نسهىنخ انزفرقخ ثيٍ الإشبراد انلاَث

يشزق -ويقبويخ عبنيخ نهزجيط انصىرح رسًح نهزجبرة طىيهخ أو يزكررح. و انطريقه انًقذيه اسزخذيذ الاَخفبض في الاَجعبس يزراكت أيىٌ انزرثيىو

راد فزرح عًر انُصف انكجيرح  ورًخ دراسخ رفبعم انًزراكت انثُبئي  (AOCC)   كرثبنذهبيذ-3-كروييٍ-هيذروجيٍ-2-أوكسى-2-يمأن -8انكىيبريٍ 

-2-أنيم -8يشزق انكىيبريٍ -نهكشف عٍ انقىاعذ انُىويخ، انُيىكهيىسيذاد وانُيىكهيىريذاد. ورى دراسخ رفبعم انزرثيىو  2:2)نيجبَذ:انًعذٌ( ثُسجخ رركيجيخ 

5انُيىكهيىريذاد) )ايُىسيٍ(، ، سيزذيٍ(، انقىاعذ انُىويخ ىكهيىسيذاد) اديُيٍيع انُي(AOCC) كرثبنذهبيذ-3-كروييٍ-هيذروجيٍ-2-أوكسى
/

جىاَسيٍ -

5أحبدي فىسفبد،
/

5ايُىسيٍ أحبدي فىسفبد،
/

5اديُىسيٍ ثلاثي فىسفبد،
/

سيزذيٍ أحبدي فىسفبد ،و -
/

اديُىسيٍ ثُبئي فىسفبد(ثبسزخذاو رقُيبد الاَجعبس 

ييكرويىل ديسًزر 31,1اني 2,1خطيخ يع انزركيس نهجسيئبد انحيىيخ في يذي يٍ انعبدي. رفبعم  وقذ رى انحصىل عهي علاقخ 
-3

وحذ انزركيس في انًذي يٍ 

ييكرو يىل ديسيًيزر  8,28اني  9,1,,
-3

. 

 

 


