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ABSTRACT 

Objectives: The objective of the proposed method is to develop a validated sensitive, selective, rapid, and low-cost 

spectrofluorimetric technique for the estimation of Vildagliptin depending on its quenching effect on the fluorescence 

intensity of Terbium (Tb3+). Methods: The proposed method involves quantitative fluorescence quenching of terbium 

measured at 477 nm after excitation at 239 nm. Various experimental conditions were investigated as pH, time of reaction, 

order of mixing of reagents, concentrations of Tb3+ and buffer. Results: Under optimum conditions, good linearity was 

obtained within the range 20.0-3000.0 ng/mL with correlation coefficients of 0.9997. LOD and LOQ were 1.8 ng/mL and 

19.2 ng/mL, respectively. Conclusion: The proposed method accomplished greener parameters; accordingly, it is a green 

choice for the determination of Vildagliptin in bulk, pharmaceutical dosage form, and spiked plasma. 
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INTRODUCTION 
 

Vildagliptin (VIL) is known as (2S)-1-[2-[(3-

hydroxy-1 adamantlyl) amino] acetyl] pyrrolidine-2-

carbonitrile, Figure 1. It is used in the treatment of type 

II diabetes mellitus as it has a selective effect on 

inhibition of dipeptidyl peptidase-IV. It could be taken 

alone or with other antidiabetic medications1. Various 

methods have been published for the estimation of VIL 

using UV spectrophotometric 2,3, spectrofluorimetric 4,5, 

liquid chromatographic methods6–11 and voltammetric 

method12. 

Lanthanide ions (terbium) form stable chelates 

with organic ligands. Luminescence of lanthanide 

chelate was identified by large stock shift, narrow 

emission bands, and long fluorescence lifetimes. 

Therefore, they improve fluorometric detection of 

certain organic compounds13 as fluoroquinolones14, 
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Figure 1. Structure formula of vildagliptin. 

 

 

fexofenadine15, and DNA16. Different organic 

compounds can quench the background luminescence of 

lanthanide ions especially when they are in the form of 

chloride salts, because the probability of collisions 

leading to energy transfer is larger for the chloride salts17. 

The proposed method provides a new simple method for 

quantitative spectrofluorimetric measurement of VIL 

through quenching the fluorescence of Terbium-Tris 

complex. 

Recently analytical techniques have directed 

toward substituting existing techniques with greener 

ones 18. Green techniques are usually rapid and less 

consuming in solvents and reagents; accordingly, 

researchers have established spectroscopic techniques 

especially fluorometric ones depending on their 

greenness and high selectivity of the methods19.  

Many greenness assessment tools have been 

developed. Recently the analytical eco-scale was used to 

calculate a greenness score for each method by 

subtracting penalty points for each factor from total of 

100 points. A total eco-scale score represents ˃ 

75 (=excellent greenness), ˃ 50 (=acceptable greenness), 

and ˂ 50 (=inadequate greenness) 20. Another method, 

the green analytical procedure index (GAPI) was used to 

assess the greenness of the technique by giving an 

accurate picture about the effect of each step of the 

proposed technique 21, and a new assessment called the 

‘green certificate’ classifies the methods by colors and 

letters from A (the greenest) to G 22. 

VIL has no intrinsic fluorescence. Thus, the 

proposed method depends on developing a valid, green, 

sensitive and selective spectrofluorimetric technique for 

the estimation of the drug in bulk powder, 

pharmaceutical dosage form, and spiked plasma. 

 

MATERIAL AND METHODS 
 

Reference samples 

Vildagliptin (VIL) pure samples, kindly 

supplied by (Mash premiere, Co, Egypt) with % purity 

99.6%. 

 

Market samples  

Icandra® tablet (Mash premiere, Egypt) 50 mg 

of VIL per tablet (batch no. M1133320) was purchased 

from the local market. 

Reagents  

All solvents used were of HPLC grade and 

chemicals were of analytical reagent grade. Terbium (ΙΙΙ) 

Chloride hexahydrate 99.9  ٪(Aldrich, Germany) 1×10-4 

M methanolic solution of terbium was prepared. Tris 

(hydroxymethyl) aminomethane buffer (Tris) (El-Nasr 

pharmaceutical company, Cairo, Egypt) 0.1 M 

methanolic solution of tris buffer was prepared at pH 7 

with 1 N HCl. Methanol, acetonitrile, and isopropanol 

(Fisher chemical, United States), Fresh frozen human 

plasma samples were obtained from VACSIRA (Cairo, 

Egypt) and were kept frozen until use after gentle 

thawing in room temperature. 

 

Standard Solutions 

Stock standard solution of 1 mg/mL VIL was 

prepared by dissolving 10 mg of VIL in methanol in 10 

mL volumetric flask.  

Working standard solution of 40 μg/mL VIL 

was prepared from the stock solution. The standard 

solutions were kept in a refrigerator at approximately 4°C 

and remained stable for at least 1 month. 

 

Procedures 

Construction of a calibration curve of VIL 

1.0 mL of terbium chloride solution (1×10-4 M) 

was transferred into a series of 10.0 mL volumetric flasks 

containing 1.0 mL of Tris buffer (0.1 M) at pH 7.0 ± 0.2. 

Different amount of the working standard solution of the 

drug from 0.2.0-30.0 µg were added, left for 15 min then 

the volume was completed with methanol. The 

fluorescence intensity was measured at λ477 nm after 

excitation at λ 239 nm. The calibration curve was 

obtained over concentration range 20-3000 ng/mL by 

plotting concentrations of VIL against the fluorescence 

quenching (F°/F). Stern-Volmer regression equation was 

obtained and the concentration of VIL was calculated. 

 

Application to pharmaceutical preparation 

10 tablets of Icandra® 50 mg were ground and 

an accurate weight equivalent to 50 mg was added to 50 

mL volumetric flask containing 30 mL of methanol, 

sonicated for 20 min, then the volume was completed 

with methanol, filtered using 0.45 μm filter and 

proceeded as under construction of calibration curve. 

 

Application to spiked plasma 

A 0.5 mL aliquot of human plasma was 

transferred into a series of 5 mL centrifuge tubes and 

spiked with different amounts of VIL to give a final 

concentration range of 0.2-10.0 µg/mL, then 4.0 mL 

acetonitrile were added, vortexed for 30 s, then 

centrifuged at 6000 rpm for 6 min and the supernatant 

was separated carefully. 1 mL of the supernatant was 

taken separately from each centrifugation tube and was 

treated as under construction of calibration curve. 
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Apparatus 

All the fluorescence spectra were recorded 

using a JASCO FP-6200 Spectrofluorometer, equipped 

with 150 W Xenon lamp, grating excitation and emission 

monochromators, and a recorder. Slit widths for both 

monochromators were set at 10 nm. A 1.0 cm quartz cell 

was used. Spectra were evaluated using Spectra Manager 

FP-6200 Control Driver software, Version 1.54.03, 

JASCO Corporation. 

 

RESULTS AND DISCUSSION 
 

Fluorescence spectral characteristics 
Terbium chloride (Tb3+) does not show 

characteristic fluorescence while by adding Tris buffer 

intense fluorescence was observed. When excited at λ 

239 nm, two emissions bands at λ 477 and λ 545 nm were 

obtained as shown in Figure 2. By adding VIL to 

Tb3+/Tris complex, a decrease in the fluorescence 

intensity was observed based on the quenching effect of 

the studied drug (Figure 3), the quenching effect was 

proportional to the concentration of VIL. Quantitative 

determinations were made by excitation at λ 239 nm and 

measuring the fluorescence at λ 477 nm. The emission 

peak at λ 477 nm was selected for the fluorescence 

quenching measurements as it has higher fluorescence 

intensity than the emission peak at λ 545 nm leading to 

greater sensitivity while measuring the concentration of 

the studied drug, so our study will be at λex/λem = 

239/477 nm.  

 

Optimization of the experimental conditions 

Effect of concentration of Tris buffer 

The effect of the concentration of Tris buffer 

was studied and as shown in Figure 4, the quenching in 

fluorescence intensity reached a maximum at 

concentration 0.01M Tris buffer. Thus, 1 ml of 0.1 M 

Tris-HCl in 10 ml volumetric flask was the optimum 

buffer volume for analysis. 

 

Effect of concentration of terbium  

The effect of the concentration of Tb3+ was 

studied and as shown in Figure 5, the quenching in 

fluorescence intensity reached a maximum at 

concentration of 0.1 × 10-4 M Tb3+. Thus, 1 mL of 1×10-

4 M Tb+3 in 10 mL volumetric flask was selected for 

further analysis. 

 

Effect of pH  

A series of 10 mL volumetric flask containing 

Tb+3/ Tris complex and 800ng/mL of VIL at different pH 

values with their corresponding blank solutions were 

prepared and measured at λex/λem = 239/477 nm. As 

shown in Figure 6, the quenching in fluorescence 

intensity of the system reached a maximum when pH was 

7.0. At higher pH (pH >7.0) the intensity decreased due 

to the precipitation of terbium hydroxide. Thus, pH 7 was 

selected for the following measurements. 

 

Effect of reaction time 

The time of the reaction was studied at room 

temperature, and it was found that the complex was 

formed after 10 min and remained stable up to 50 min. In 

this method, 15 min was set as the standard time for the 

reaction. 

 

Effect of different solvent  

Different solvents were investigated as 

acetonitrile, water, isopropanol, and methanol, high 

fluorescence intensity of Tb3+/Tris complex was only 

observed when methanol was used as the diluting 

solvent. 

 

Effect of order of addition of reagents  

Series of solution with the same concentrations 

of reagent but differ in the order of mixing and their 

corresponding blank solution was prepared and 

measured at λex/λem = 239/477. The results showed no 

significant difference can impact fluorescence quenching 

(F°/F). 

 

 

 

 
Figure 2. The excitation and emission spectra of 

Tb3+/Tris complex in methanol. 

 Figure 3. The excitation and emission spectra of: 

Tb3+/Tris complex in methanol (a,b),and Tb3+/Tris 

complex in methanol with 800 ng/mL of VIL (c,d) at 

λex = 239 nm and λem = 477 nm. 
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Figure 4. Effect of Tris buffer concentration with 

0.1×10-4 M terbium and 800ng/mL of VIL at λex/λem = 

239/477 nm. 

 

 

 
Figure 5. Effect of terbium concentration with 0.01 M 

Tris and 800ng/mL of VIL at λex/λem = 239/477 nm. 

 

 

 

Figure 6. Effect of pH on complex formation between Tb3+/Tris 

complex and 800ng/mL of VIL at λex/λem = 239/477 nm. 

 

 

 
 

Method validation  

Linearity 

Under the above condition, the calibration 

curve was constructed by plotting F°/F against VIL 

concentration (Figure 7). A linear relationship was 

obtained over concentration range 20-3000 ng/mL. The 

limit of quantitation (LOQ) and the limit of detection 

(LOD) were calculated according to ICH guidelines23. 

The results were shown in Table 1. 𝐿𝑂𝑄 = 10σ/ S, LOD 

= 3.3𝜎/ 𝑆, Where σ = the standard deviation of response 

and S = slope of the calibration curve. 

A comparison of the analytical performances of 

the previously reported methods and the proposed 

method for the determination of VIL is summarized in 

Table 2. Compared with the previous 

spectroflourimetric methods, the proposed method was 

relatively simple with higher sensitivity and lower 

detection limit that can detect minor amount of VIL in 

spiked plasma.  

 

Accuracy 

The accuracy of the proposed method was 

determined by the standard addition method after spiking 

with three-level concentrations of 50,100,150 ng/mL of 

VIL solution. The percentage of recoveries based on the 

average of triplicate determinations are shown in table 3. 

The results prove the accuracy of the proposed method 

for the determination of VIL as indicated by high values 

of recovery percentages.  

 

Precision  

The intra-day and inter-day precision were 

investigated through triplicate analysis of three 

concentration on the same day and on 3 successive days, 

respectively. The results are shown in Table 4. 
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Table 1. Performance data of VIL by the proposed fluorescence quenching method 

Parameters The Proposed method 

Linearity (ng/mL) 20.0-3000.0 

slope 0.21 

intercept 1.056 

Correlation coefficient (r) 0.9997 

LOD (ng/mL) 1.8 

LOQ (ng/mL) 19.2 

 

 

Table 2. Comparison between the proposed method and other reported methods used for determination of VIL 

Method Linearity  Detection limit references 

Spectrofluorimetric 

NBD-Cl 

0.03–0.37 μg mL−1 0.003 μg mL−1 4 

Spectrophotometric 

NQS 

NBD-Cl 

 

4.5–35 μg mL−1 

7–45 μg mL−1 

 

1.84 μg mL−1 

1.04 μg mL−1 

4 

Spectrofluorimetric 

(dansyl chloride) 

100-600 μg mL−1 15.05 μg mL−1 5 

HPLC 5-75 μg mL−1 0.87 μg mL−1 7 

Gc-MS 3.5–300 ng mL−1 1.5 ng mL−1 24 

Proposed method 20-3000 ng mL-1 1.9 ng mL−1  

 

 
Table 3. Quantitative determination of VIL in a drug product by the proposed method using the standard addition 

Parameters Proposed method 
 

Amount taken from sample 

(ng/mL) 

Amount of VIL added 

(ng/mL) 

Amount found 

(ng/mL) 

Recovery percentage 

% 

  100 50 149.9 99.90 

  
 

100 198.9 99.45 

  
 

150 249.3 99.72 

mean   
  

99.7 

±SD   
  

0.198 

RSD%   
  

0.199 

 

 
Table 4. Precision data of the proposed method for the determination of VIL in a drug substance 

Parameters Intra-day 

(Repeatability*) 

 precision Inter-day  

(Intermediate precision**) 

precision 

Conc (ng/mL) 100 500 1000 100 500 1000 

  99.7 100.6 100.6 99.8 100.2 100.5 

Recovery % 100.2 99.4 100.4 98.7 99.8 100.6 

  100.6 100.5 100.1 99.8 100.9 100.1 

Mean 100.2 100.1 100.4 99.4 100.3 100.4 

±SD 0.37 0.54 0.2 0.52 0.45 0.21 

RSD % 0.37 0.54 0.2 0.52 0.45 0.21 

*The intraday (n = 9), an average of three different concentrations repeated three times within day.  

**The interday (n = 9), an average of three different concentrations repeated three times in three successive days. 
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Figure 7. Emission spectra of Tb3+/Tris complex. (a), 

+VIL 100 ng/mL (b), 400 ng/mL (c), 800 ng/mL (d), 1200 

ng/mL (e), 2000 ng/mL, 3000 ng/mL. The inset is the 

linear relationship between the concentration of VIL 

and the quenching of the fluorescence of Terbium-Tris 

complex. 

 

 

 

Application  

Application on analysis of pharmaceutical dosage form 

The proposed method was applied successfully 

for the determination of VIL in bulk and dosage form 

Table 5. The results of our method were compared with 

those of the reported method. No significant difference 

was observed between the two methods regarding 

accuracy as indicated by student’s t test and precision as 

indicated by F test. 

 

Application in spiked plasma 

The proposed method was efficiently applied 

for the determination of VIL in spiked plasma (Table 6). 

The results prove the efficiency of the proposed method 

for the determination of VIL in spiked plasma by high 

values of recovery percentages. 

 

Proposed mechanism of the reaction  

The intense lanthanide-sensitized luminescence 

originates from an intramolecular energy transfer 

through the excited triplet state of the ligand to the 

emitting resonance level of the ion followed by radiative 

emission from the cation. The efficiency of the energy 

transfer depends on the matching between the triplet 

level of the organic compound and the resonance level of 

the ion. The energy of the triplet level should be close to 

but higher than, that of the resonance level of the ion. In 

some instances, when the organic compound has a triplet 

state level below the excited state-level of the lanthanide 

ion the organic compound can quench the background 

luminescence of the ion17. The proposed mechanism 

between terbium and VIL is that VIL is coordinated to 

the metal ion via the amino group and Carbonyl-O 

groups (Figure 8). 

 

Figure 8. The proposed mechanism of the reaction. 

 

 

 

Quenching mechanism 

The quenching mechanism was studied using 

stern Volmer equation 26 

F0/F=1+Q KSV 

Where F0/F is the emission intensity in the absence and 

the presence of the quencher, Q is quencher 

concentration and KSV is stern volmer constant and 

calculated From the slope by plotting F0/F vs  

concentration of quencher. Ksv was found to decrease 

with increasing the temperature (298,308 K) which is a 

property for static quenching (Figure 10, Table 7).  

 

 

 

Figure 9. Stern–Volmer plots of the terbium tris buffer 

with 800ng/mL VIL at different temperatures (298 k, 

308 k) at λex/λem = 239/477 nm. 

 

 

 

Assessment of method greenness 

Assessment of method greenness was 

determined through the quantitative analytical eco-scale, 

GAPI and green certificate methods. As shown in Table 

8 and Figure 10, the proposed method has excellent 

greenness.
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Table 5. Quantitative determination of VIL in drug product 

Parameters Proposed method Reported method25 b 

 % Recovery % Recovery 

 100.4 99.8 

 99.9 100.1 

 100.3 99.5 

 100.1 99.89 

 99.4 100.06 

Mean 100.03 99.82 

±SD 0.35 0.21 

RSD % 0.35 0.21 

t- test 0.49 (2.306)a  

F-test 0.36 (6.39)a  

a tabulated values of t and F at n=3 and p = 0.05. 
b Reported HPLC/UV method using hypersil ODS C18 column 250 x 4.6mm 5μ, mobile phase 0.1M Potassium hydro phosphate and Acetonitrile at 

the ratio (60:40%v/v) of pH:7.0, flow rate 1ml/min at 263 nm 

 

 
Table 6. Evaluation of accuracy and precision of the proposed method for the determination of VIL in spiked plasma samples. 

 Parameters Proposed method  

Conc (ng/mL) Amount of VIL (ng/mL) added Amount of VIL (ng/mL) found Recovery percentage % 

  
100 99.16 

99.15 

  
500 505.52 

101.1 

  
1000 1000.51 

100.05 

Mean   100.1 

±SD   0.79 

RSD %   0.79 

 

 

Table 7. Stern–Volmer and thermodynamic parameters of terbium tris buffer with 800ng/mL VIL 

Parameter  Temperature 

(K) 

Stern–Volmer equation  Correlation 

coefficient (r) 

KSV  

Stern–Volmer 

parameters 

298 ∆F= 0.205x + 1.0053 0.9997 0.205 

308 ∆F= 0.1407x + 0.9771 0.9994 0.1407 

 

 

Table 8. Greenness assessment of the proposed spectrofluorimetric method 

 Analytical eco-scale GAPI 

 
Eco-scale parameter Penalty points 

 

Reagents Methanol 6 

Instrument Spectrofluorimeter (≤ 0.1 

kWh) 

0 

Occupational hazard 0 

Waste (< 10 mL, without 

treatment) 

5 

   

Σ penalty points 11 

Total score 89 
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Figure 10. Green effectiveness of the proposed method 

used for determination of VIL. 

 

 

 

CONCLUSION 
 

A validated, rapid, and low-cost 

spectrofluorimetric method was developed for the 

quantitative determination of VIL in pure form and 

pharmaceutical dosage form. The suggested method is 

economical compared to the reported HPLC method as 

there is no need to consume a large amount of solvents. 

The proposed method could be successfully used for 

routine analysis of the cited drug. 

 

Funding Acknowledgment 

No external funding was received. 

 

Conflict of interest 

The authors declare that there is no conflict of 

interest regarding the publication of this paper. 

 

REFERENCES 
 

1. Kirby, M.;Yu, D.M.T.; O’connor, S.; Gorrell, M.D. 

Inhibitor selectivity in the clinical application of 

dipeptidyl peptidase-4 inhibition. Clin. Sci. 2009, 

118 (1), 31–41. https://doi.org/10.1042 

/CS20090047. 

2. Banik, S.; Karmakar, P.; Miah, M.A.H. 

Development and validation of a UV-

spectrophotometric method for determination of 

vildagliptin and linagliptin in bulk and 

pharmaceutical dosage forms. Bangladesh Pharm. 

J. 2015, 18 (2), 163–168. 

3. Tekkeli, S.E.K.; Bahadori, F. Development and 

validation of spectrophotometric methods for the 

determination and spectroscopic characterization of 

vildagliptin using ii-acceptors in pharmaceutical 

preparations. J. Chil. Chem. Soc. 2014, 59 (4), 

2705–2709. 

4. Moneeb, M.S. Spectrophotometric and 

spectrofluorimetric methods for the determination of 

saxagliptin and vildagliptin in bulk and 

pharmaceutical preparations. Bull. Fac. Pharm. 

Cairo Univ. 2013, 51 (2), 139–150. 

5. Abdel-Aziz, O.; Ayad, M.F.; Tadros, M.M. 

Compatible validated spectrofluorimetric and 

spectrophotometric methods for determination of 

vildagliptin and saxagliptin by factorial design 

experiments. Spectrochim. Acta, Part A. 2015, 140, 

229–240. 

6. Fachi, M.M.; Cerqueira, L.B.; Leonart, L.P.; 

Francisco, T.M.G. de;Pontarolo, R. Simultaneous 

quantification of antidiabetic agents in human 

plasma by a UPLC–QToF-MS method. PloS One. 

2016, 11 (12), e0167107. 

7. Abdel Hady, K.K.; Abdel Salam, R.A.; Hadad, 

G.M.; Abdel Hameed, E.A. Simultaneous HPLC 

determination of vildagliptin, ampicillin, sulbactam 

and metronidazole in pharmaceutical dosage forms 

and human urine. J. Iran. Chem. Soc. 2021, 18 (3), 

729–738. https://doi.org/10.1007/s13738-020-

02065-z. 

8. Dayyih, W.A.; Hamad, M.; Mallah, E.; Abu Dayyih, 

A.; Awad, R. METHOD Development and 

Validation of Vildagliptin and Metformin HCl in 

Pharmaceutical Dosage form by Reversed Phase-

High Performance Liquid Chromatography (RP-

HPLC). IJPSR. 2018, 9 (7), 2965–2972. 

9. Pontarolo, R.; Gimenez, A.C.; de Francisco, 

T.M.G.; Ribeiro, R.P.; Pontes, F.L.D.; Gasparetto, 

J.C. Simultaneous determination of metformin and 

vildagliptin in human plasma by a HILIC–MS/MS 

method. J. Chromatogr. B. 2014, 965, 133–141. 

10. Al Bratty, M.; Alhazmi, H.A.; Javed, S.A.; Lalitha, 

K.G.; Asmari, M.; Wölker, J.; El Deeb, S. 

Development and validation of LC–MS/MS method 

for simultaneous determination of metformin and 

four gliptins in human plasma. Chromatographia. 

2017, 80 (6), 891–899. 

11. Attimarad, M.; Nagaraja, S.H.; Aldhubaib, B.E.; 

Nair, A.; KN, V.Simultaneous determination of 

metformin and three gliptins in pharmaceutical 

formulations using RP HPLC: application to 

stability studies on linagliptin tablet formulation. 

Diabetes. 2014, 48 (4), 45. 

12. Fadr, M.; Amro, A.N.; Aoun, S. Ben.Voltammetric 

determination of vildagliptin in a pharmaceutical 

formulation. Trop. J. Pharm. Res. 2018, 17 (9), 

1847–1852. 

13. Fu, Y.; Zhang, J.; Lv, Y.; Cao, W.The study on the 

effect and mechanism of the second ligands on the 

luminescence properties of terbium complexes. 

Spectrochim. Acta, Part A. 2008, 70 (3), 646–650. 

14. Rizk, M.; Habib, I.H.I.; Mohamed, D.; Mowaka, S.; 

El-Eryan, R.T. Lanthanide-DNA probe for 

http://aprh.journals.ekb.eg/


ISSN:  2357-0547 (Print)  Research Article / JAPR / Sec. B 

ISSN:  2357-0539 (Online) Abou El-Alamin et al., 2022, 6 (1), 6-14 

http://aprh.journals.ekb.eg/ 

14 

spectrofluorimetric determination of some 6-

fluoroquinolones in eye-ear pharmaceutical 

preparations. Microchem. J. 2019, 150, 

104138.https://doi.org/https://doi.org/10.1016/j.mic

roc.2019.104138. 

15. Al-Kindy, S.M.Z.; Al-Shamalani, K.; Suliman, 

F.O.; Al-Lawati, H.A.J. Terbium sensitized 

luminescence for the determination of fexofenadine 

in pharmaceutical formulations. Arabian J. Chem. 

2019, 12 (8), 2457–2463. https://doi.org/ 

https://doi.org/10.1016/j.arabjc.2015.01.016. 

16. Yegorova, A. V; Scripinets, Y. V; Duerkop, A.; 

Karasyov, A.A.; Antonovich, V.P.; Wolfbeis, O.S. 

Sensitive luminescent determination of DNA using 

the terbium(III)-difloxacin complex. Anal. Chim. 

Acta. 2007, 584 (2), 260–267. https://doi.org/ 

10.1016/j.aca.2006.11.065. 

17. Georges, J. Lanthanide-sensitized luminescence and 

applications to the determination of organic 

analytes. The Analyst 1993, 118 (12), 1481–1486. 

18. Armenta, S.; Garrigues, S.; de la Guardia, M. Green 

analytical chemistry. TrAC, Trends Anal. Chem. 

2008, 27 (6), 497–511. 

19. El-Shaheny, R.; Belal, F. Green conventional and 

first-order derivative fluorimetry methods for 

determination of trimebutine and its degradation 

product (eudesmic acid). Emphasis on the solvent 

and pH effects on their emission spectral properties. 

Spectrochim. Acta, Part A. 2020, 226, 117603. 

20. Gałuszka, A.; Migaszewski, Z.M.; Konieczka, P.; 

Namieśnik, J. Analytical Eco-Scale for assessing the 

greenness of analytical procedures. TrAC, Trends 

Anal. Chem. 2012, 37, 61–72. 

21. Płotka-Wasylka, J. A new tool for the evaluation of 

the analytical procedure: Green Analytical 

Procedure Index. Talanta 2018, 181, 204–209. 

22. Gallart-Mateu, D.; Cervera, M.L.; Armenta, S.; de la 

Guardia, M. The importance of incorporating a 

waste detoxification step in analytical 

methodologies. Anal. Methods 2015, 7 (13),  

5702–5706. 

23. ICH Harmonized Tripartite Guideline, Validation of 

analytical procedures: Text and methodology, Q2 

(R1), Current Step 4 Version, Parent Guidelines on 

Methodology Dated November 6, 1996, 

Incorporated in November 2005. 

http://www.Ich.org/ LOB/ media/MEDIA417.pdf. 

24. Uçaktürk, E. Development of sensitive and specific 

analysis of vildagliptin in pharmaceutical 

formulation by gas chromatography-mass spectro-

metry. J. Anal. Methods Chem. 2015, 2015, 1. 

25. Nandipati, S.; Reddy, R. Development and 

validation of RP-HPLC method for simultaneous 

determination of vildagliptin and metformin in bulk 

and formulation dosage. Int. Res. J. Pharm. Appl. 

Sci. 2012, 2, 44–50. 

26. Boaz, H.; Rollefson, G.K. The quenching of 

fluorescence. Deviations from the Stern-Volmer 

law. J. Am. Chem. Soc. 1950, 72 (8), 3435–3443. 

 

 

http://aprh.journals.ekb.eg/

