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 Abstract 

This paper elucidates a new spectrofluorometric method for the 

determination of Adefovir Dipivoxil in its pharmaceutical dosage form 

using Eosin, the colored ion - pair complex was produced at λ em 544 nm 

and excitation at λ ex 267 in acetate buffer solution with a pH of 3.5. The 

linearity range was 0.1 – 1.5 µg/ml, with a percentage recovery of 99.31, 

and detection limit of 0.032 µg/ml.  The quantification limit was 0.097 

µg/ml. The method was successfully applied to determine Adefovir 

Dipivoxil in its pharmaceutical dosage form. The method was Sensitive, 

rapid and cost-effective, demonstrating ease of application suitable for 

routine quality control analysis. 
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1. Introduction 

Adefovir Dipivoxil (ADV) (Fig. 1) or (bis(POM)-

PMEA), is known chemically as 

 9-[2-({bis[(pivalaloyloxy)methoxy]phosphinyl]} 

methoxy) ethyl]adenine (Darsazan et al., 2017). 

ADV is a diester prodrug of the active moiety 

Adefovir, which is an acyclic nucleotide analogue 

of adenosine monophosphate (Alqahtani et al., 

2023). ADV is a reverse transcriptase inhibitor used 

for the treatment of chronic hepatitis B. Following 

absorption, ADV is converted into Adefovir and 

then phosphorylated to Adefovir diphosphate in 

hepatocytes, which is a competitive inhibitor of 

hepatitis B virus (HBV) polymerase (Lee and 

Martin, 2006). Long-term ADV use helps achieve 

and maintain viral suppression, regression of 

fibrosis, and reversal of cirrhosis in most patients 

(Wang et al., 2014). 

 

 

 
 

Fig 1. Structure of ADV 

 

The oral bioavailability in fasted patients is 

approximately 25%. Administration of food (high 

fat meal containing 40 to 50% fat) increases the 

oral bioavailability, with an increase in the AUC of 

approximately 40% (Wassner et al., 2020). 
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Eosin–Y [2-(2, 4, 5, 7-tetrabromo-6-oxido-3-oxo-

3H-xanthen-9-yl) benzoate] Fig.2. as a halo 

fluorescein dye has been used as an ion-pairing 

agent for the spectrophotometric determination of 

some important pharmaceutical compounds with or 

without extraction (Hamad et al., 2022). 
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Fig 2. Eosin-Y M.wt.691.86 

2.Experimental: 

2.1. Instruments: 

- Jasco FP6200 single beam 

spectrofluorometer (Japan). 

- Jenway 3150 pH meter, (Jenway, USA).  

- Analytical balance (Precisa125A, 

Switzerland). 

2.2. Materials and Reagents: 

Pure ADV with purity of 99.96% was supplied by 

EVA Pharma. FODAVIR 10 mg tablet was 

obtained from a local hypermarket. Batch number 

of FODAVIR is 2202098A containing 10 mg ADV 

per tablet, EVA Pharma, Cairo, Egypt. All reagents 

were of analytical grade and solvents were of 

spectroscopic grade, distilled water was used 

throughout the procedure.  

Eosin-Y (Sigma; Aldrich, Germany). (2 x 10-5 M 

and 4.39 x 10-6 M) aqueous solution, methanol, 

acetic acid were purchased from (El-Nasr 

Company, Abu- Zaabal, Egypt). 

Preparation of an acid phthalate buffer from pH (2.5 

- 3.5): place 50 ml of 0.2 M potassium hydrogen 

phthalate in a 200 ml volumetric flask, adjust to the 

required pH with 0.2 M hydrochloric acid or 0.2 M 

sodium hydroxide using pH meter and then add 

water to volume with distilled water. Acetate buffer  

 
0.2 M, pH (2.5 - 4.5) was prepared by mixing 

suitable volumes of 0.2M sodium acetate and 0.2 

M acetic acid and adjusting the pH using pH meter. 

2.3. Standard Solutions 

Ten mg of ADV powder was accurately weighed 

and transferred into 100 ml volumetric flask, then 

dissolved with the least amount of methanol, the 

volume was completed to the mark with water to 

obtain (0.1 mg ml-1) drug concentration from which 

the working standard (0.01 mg ml-1) was prepared 

by dilution with water and solution was stable in 

refrigerator for one month. 

 

2.4. Procedures: 

2.4.1. Spectral characteristics: 

Upon reacting a definite concentration of ADV 

with Eosin-Y in the presence of acetate buffer (pH 

3.5), a highly colored ion - pair complex was 

formed. It was found that the formation of this 

complex reduces the fluorescence intensity of 

Eosin-Y.  

The quenching in the fluorescence intensity of 

blank was monitored at λ em 544 nm after 

excitation at λ ex 267 nm, by measuring the blank 

first then the experiment and the difference in the 

fluorescence intensity between them is calculated 

as shown in figure (3).  

2.4.2. Optimization of the reaction conditions: 

I- Effect of pH: 

Accurately measured aliquot of the drug equivalent 

to (0.012 mg) was transferred into a series of 10 ml 

volumetric flasks and diluted to about 6 ml with 

water then 1 ml of (2 X10-5M)  Eosin-Y solution 

was added and the mixture was mixed well before 

the addition of 1.5 ml of acetate buffer with 

different pH ranging from (2.5 - 4.5). The flasks 

were completed to volume with water and then the 

difference in the relative fluorescence intensities 

between blank and test solutions was measured at                  

λ em 544 nm after excitation at λ ex 267 nm. 

 

For the highest difference in the relative 

fluorescence intensities and sensitivity, the buffer 

solution should be added after mixing the drug-dye 

solution at neutral pH. It was found that, maximum 

difference in the relative fluorescence intensities 

was obtained upon using acetate buffer pH 3.5, as 

shown in figure (4). 

 

 



72 
 

 
 

Figure (3): Excitation and Emission Spectra of the Reaction Product of ADV (0.1 - 1.5 µg ml-1) with 

Eosin- Y. 

 

 

II- Effect of buffer volume: 

The procedure under "i-Effect of pH" was repeated 

using different volumes (0.5- 4 ml) of acetate buffer 

pH 3.5. It was revealed that 1.5 ml of the buffer 

solution was sufficient to give a maximum 

difference in the relative fluorescence intensities, as 

shown in figure (5). 

  

 III- Effect of Eosin-Y volume: 

The procedure detailed under "i-Effect of pH" was 

followed using 1.5 ml of acetate buffer pH 3.5 and 

different volumes of Eosin-Y (2 x 10-5M) ranging 

from (0.25 – 2ml). It was revealed that 1ml of the 

dye was sufficient to give maximum difference in 

the relative fluorescence intensities, as shown in 

figure (6).  
 

 

 
 

Figure (4): Effect of pH on The Fluorescence of ADV (1.2 µg ml-1) Reaction Product with Eosin 

- Y at λem 544 nm. 
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Figure (5): Effect of Buffer Volume on the fluorescence of ADV (1.2 µg ml- 1) Reaction Product with 

Eosin - Y at λem 544 nm. 

 
 

Figure (6): Effect of Eosin - Y Volume on The Fluorescence of ADV (1.2 µg ml- 1) Reaction Product with 

Eosin - Y at λem 544 nm. 

2.4 .3.Determination of the Stoichiometry of the 

Reaction: 

Continuous variation (job’s 

method)(MOHAMED et al., 2020) 

In a series of 10 ml volumetric flasks, (0.5, 1, 1.5, 2, 

2.5, 3, 3.5, 4.5 ml) of (4.39 x 10-6 M)   ADV were 

transferred, then (4.5, 4, 3.5, 3, 2.5, 2, 1.5, 1, 0.5 

ml) of Eosin - Y solution (4.39 x 10-6 M) were  

  

 added (the sum of ADV and reagent equals to 5 

ml). The volume in each flask was adjusted with 

distilled water to 8 ml then 1.5 ml of acetate buffer 

pH 3.5 was added then volumes were completed to 

the mark with water. The difference in fluorescence 

intensity of the formed ion pair complexes with 

Eosin -Y were measured at λ em 544 nm after 

excitation at λ ex 267 nm against the appropriate 

reagent blank, as shown in figure (7). 



74 
 

2.4.4. Method Validation: 

2.4.4.1. Linearity: 

Aliquots of drug solution of (0.01 mg ml-1) 

containing (1 – 15 µg) were transferred into a series 

of 10 ml volumetric flasks; the volumes were 

diluted to 6 ml with water. Eosin-Y 1 ml of (2 x 10-5 

M) solution was then added and the mixture was   

 mixed well before addition of 1.5 ml of acetate 

buffer pH 3.5. The mixture was adjusted to the 

volume with water then the difference in 

fluorescence intensity between the reagent blank 

and each experiment was measured at λ em 544 nm 

after excitation at λ ex 267 nm, as shown in figure 

(8) and table (1)   . 
 

 

Figure (7): Stoichiometry of The Reaction of of ADV (4.39 x 10-6 M) With Eosin –Y (4.39 x 10-6 M) by 

Continuous Variation (Job’s) Method at λ em 544 nm. 

 
 

Figure (8): Calibration Graph of ADV with Eosin – Y at λem 544 nm. 
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Table (1): Selected Spectral data for the Determination of ADV by The Proposed Eosin-Y Procedure: 

Parameters Proposed method 

ex and em 267 and  544 nm 

Linearity range (µg ml-1) 0.1 – 1.5 

LOD  (µg ml-1) 0.032 

LOQ  (µg ml-1) 0.097 

- Regression Equation 

- Slope   S.D 

- Intercept  S.D 

ΔF *= 496.4758 C** + 53.2948 

496.4758  4.521 

53.2948   7.158 

Correlation coefficient (r ) 0.9995 

ΔF * is fluorescence intensity difference, C** is concentration in g ml-1. 

2.4.4.2. Accuracy and Precision: 

I- Intra-Day (Within Day) Precision: 

Three replicate determinations of different 

concentrations (0.4, 0.8 and 1.2 µg ml-1) of the drug 

within the linearity range were done. The reaction 

procedure was followed as in linearity 

2.4.4.1(Table 2).  

  

 II- Inter-Day (Between-Day) Precision: 

The procedure described under “i- Intra-Day” was 

repeated for three days. Accuracy was expressed as 

recovery percent (R%) (100%, 99.34%, 101.42%) 

and precision was expressed as percent relative 

standard deviation (RSD%) (0.762%, 0.153%, 

0.371%).The results are listed in Table 2. 

 

 

Table (2): Intra-Day and Inter-Day Accuracy and Precision for the Determination of ADV by 

the Proposed Procedure:  

Conc. 

gml-1 

Intra-Day Inter-Day 

Found 

Conc. ± SD 

Accuracy 

(Recovery%) 

 

(Precision) 

(RSD%) 

Found 

Conc. ± SD 

Accuracy 

(Recovery%) 

Precision 

(RSD%) 

0.4 0.40±0.003 100.00 0.842 0.40±0.003 100.00 0.762 

0.8 0.80±0.003 100.00 0.326 0.79±0.001 99.34 0.153 

1.2 1.22±0.003 101.65 0.265 1.22±0.005 101.42 0.371 
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2.4.4.3. Specificity: 

Specificity was determined by application of 

standard addition technique to check the effect of 

the tablet matrix on the determination of the drug. 

The obtained results, Table (3), proved that the 

proposed method could selectively analyze the drug 

without any interference from any tablet excipients. 

 

2.4.4.4. Stability: 

I. Stability of Test Solution: 

Two solutions of ADV (0.1 mg ml-1) were prepared 

and one of them was kept at room temperature 

while the other was kept in refrigerator. The 

solutions were determined every hour for first 12 

hours and then every day using freshly prepared 

solution of (2 x 10-5 M) Eosin – Y. The results were 

compared with those of freshly prepared test 

solution of the same concentration. The solution of 

drug was stable at room temperature for 2 days and 

stable at fridge for at least one month. 

II. Stability of Reagent Solution: 

Two solutions of (2 x 10-5 M) Eosin – Y were 

prepared one of them was kept at room temperature 

while the other was kept in refrigerator. The 

solutions were used for the determination of the 

same concentration of freshly prepared solution 

ADV every one hour for first 12 hours and then 

every day and the results were compared with those  

 

 obtained with freshly prepared reagent. The Eosin 

solution was stable at room temperature for 5 days 

and stable at fridge for at least one month. 

 

2.4.4.5. Determination of ADV in 

Pharmaceutical Preparation Using the Proposed 

Eosin - Y Method: 

Ten Fodavir 10 mg tablets were accurately 

weighed and finely powdered, then a quantity 

equivalent to 10 mg of Fodavir was shaken three 

times with 25 ml methanol for 15 minutes then 

filtered into 100 ml volumetric flask and the 

volume was completed to the mark with water to 

obtain a concentration of (0.1 mg ml-1). The 

solution was analyzed as the procedure of linearity 

(2.4.4.1). 

 

2.4.4.6. Accuracy: 

Aliquots of standard ADV solution (0.01 mg ml-1) 

containing (4 –10 µg) were added to a series of 10 

ml volumetric flask containing (4 µg) of already 

analyzed Fodavir 10 mg tablets. One ml of (2 X 

10-5 M) Eosin-Y solution and 1.5 ml acetate buffer 

pH 3.5 were added. The volume was completed to 

10 ml with water. The procedure of measurement 

was follow as linearity (2.4.4.1). Concentration of 

added ADV were determined. Results are presented 

in Table 3.   

 

 

Table (3): Recovery Study of ADV by Adapting Standard Addition Technique via Reaction with Eosin-

Y in its Tablets: 

Fodavir® 10 mgTablets 

Taken 

µg ml-1 

Pure added 

µg ml-1 

Pure found 

µg ml-1 

Recovery 

% 

0.4 

 

0.4 0.40 100.00 

0.8 0.79 99.31 

1 0.99 99.89 

Mean  99.73 

RSD%  0.372 
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3. Results & Discussions 
The present study depends on that, Eosin - Y dye is 

an anionic halo fluorescein derivative that strongly 

associated with ADV in acidic medium to form a 

highly stable ion – pair associate. The supposed 

reaction pathway was shown in the following 

scheme Fig 9. 

 This complex was probably formed via the 

electrostatic interaction between the amino group of 

the drug and the carboxylate anion of the dye. This 

might primarily occur in acidic solutions (Rahman, 

2017). 

ADV reacts with Eosin – Y dye in the presence of 

acetate buffer (pH 3.5) to form a highly stable ion – 

pair associate that leads to quenching in the 

fluorescence intensity of Eosin - Y at emission 

wavelength 544 nm after excitation at 267 nm as 

shown in Fig 3.     

Different parameters involved in the reaction were 

studied such as buffer pH, buffer volume, 

concentration of the reagent. The effect of pH using 

acid phthalate buffer from pH (2.5 - 3.5) and acetate 

buffer from pH (2.5 - 4.5) as well as the buffer 

volume were studied and revealed that 1.5 ml of pH 

3.5 acetate buffer were sufficient to give maximum 

quenching effect figure (4,5), while the acid 

phthalate buffer give unacceptable result. The effect 

of Eosin – Y volume was also studied, Fig.6 

revealed that, 1 ml of (2 X 10-5M) were sufficient.  

Continuous variation (Job’s method) method was 

applied for the determination of stoichiometry of 

ADV using concentration of (4.39 x 10-6 M) for the 

drug and Eosin – Y. The drug: reagent ratio was 

found to be 1:1, as shown in Fig.7.  

 

 
Calibration graph was constructed for the 

determination of ADV by the proposed procedure 

where Beer’s law was obeyed in the range of 0.1 _ 

1.5 g ml-1 with 2 X 10-5 M Eosin - Y dye, figure 

(8). The linear regression of the graph was as 

follows. 

ΔF544nm   =   496.4758 C    +      53.2948                       

 (r=0.9995) 

Where ΔF is the difference in fluorescence 

intensity at 544nm, C is the drug concentration in 

g ml-1. 

The ICH Q2 (R1) instructions (Borman and Elder, 

2017) for determination of the limit of detection 

(LOD) and limit of quantification (LOQ) were 

applied using the following equations: 

LOQ = 10 Sa/b                                                       

LOD = 3.3 Sa/b 

Sa is the standard deviation of the intercept of the 

calibration curve and b is the slope of the 

calibration curve. 

Table (1), illustrated the regression parameters of 

the calibration curve and correlation coefficient, 

working range, LOD, LOQ of the drug obtained 

with the drug analyzed. 

Within - day accuracy and precision was tested by 

the determination of ADV at three levels (0.4, 0.8 

and 1.2 g ml-1). The accuracy was represented as 

percentage recovery (R %) and it was ranged from 

100.00 to 101.65. While, precision was represented 

as percentage relative standard deviation (RSD %) 

and it was ranged from 0.265 to 0.842.  

Between - day accuracy and precision was 

performed by adopting the within - day procedure 

for different three days. The between - day 

accuracy was ranged from 100.00 to 101.42%.  

While, precision was ranged from 0.371to 0.762, as 

shown in table (2). 

 

 

 

Fig 9. The supposed reaction pathway between ADV and Eosin - Y 
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Table (4): Statistical Analysis of the Results Obtained by the Proposed and Reported Procedures for the 

Determination of ADV in Its Pharmaceutical Preparation: 

Parameters 

Fodavir ® 10 mg tablets 

Proposed Method 
Reported method* (Bhirud and 

Hiremath, 2022)  

Number of measurements 5 5 

Mean % found 99.31 100.48 

SD (standard deviation) 0.916 1.314 

Variance 0.827 1.743 

Student’s t-test 1.636 (2.306) ** —— 

F-value 2.107 (6.388) ** —— 

* UV Spectrophotometric method using methanol as solvent and λmax of the drug was found to be 260 nm; ** The values 

in parenthesis are tabulated values of “t ” and “F ” at (P = 0.05) 

The proposed method was used for determination of  

ADV in Fodavir ® 10 mg tablets with mean 

percentage recovery  RSD% 99.31  0.9 16. as 

shown in table (4). 
Statistical comparison between results obtained by 

applying the proposed procedure and those obtained 

by applying the reported method(Bhirud and 

Hiremath, 2022) For determination of ADV  in 

Fodavir ® 10 mg tablets. Good results were 

obtained with less calculated t and F values than the 

tabulated ones revealing no significant difference in 

accuracy and precision, table (4). 
Recovery study was performed by adopting 

standard addition technique. Different 

concentrations of standard ADV (0.4 –1µg/ml) 

were added to previously analyzed Fodavir ® 10 

mg tablets (0.4 µg/ml). Results are presented in 

table (3) and revealed that, the proposed method 

with high recovery.  
 4. Conclusion: 
Sensitive, rapid and cost-effective spectroscopic 

method based on the reaction of ADV with Eosin 

was carried out and optimized. The method showed 

good validation criteria according to official 

guidelines. Additionally, comparison with 

previously published spectroscopic method revealed 

no significant difference between them. The method 

proved to be Sensitive, rapid and cost-effective, 

demonstrating ease of application suitable for 

routine quality control analysis. 

 4. Conclusion: 
Sensitive, rapid and cost-effective spectroscopic 

method based on the reaction of ADV with Eosin 

was carried out and optimized. The method showed 

good validation criteria according to official 

guidelines. Additionally, comparison with 

previously published spectroscopic method 

revealed no significant difference between them. 

The method proved to be Sensitive, rapid and cost-

effective, demonstrating ease of application 

suitable for routine quality control analysis. 
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